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enough 1 


Power to suppress estradiol 
to levels that result in effective relief 


@ Lowers serum estradiol to near menopausal levels within 


approximately 1 month, and maintains those levels through- 


out the 6-month course of therapy.* 


@ 92% of patients (n= 143) were symptom-free or had only 
mild symptoms following a 6month course of therapy. 


@ Retreatment cannot be recommended since safety data 
for retreatment are not currently available. 


*Pregnancy should be ruled out before therapy with SYNAREL 1s initiated, and patients should be 
advised to use a nonhormonal method of contraception when taking SYNAREL. 

‘There is a small loss in bone density with 6-month treatment, some of which may not be reversible. 
During one treatment period the bone loss should not be important. *Gonadotropin-releasing 
hormone analog. Please see brief summary of prescribing information on next page. 


= Committed to the OB/GYN and women's healthcare 
S$ SYNTEX ~’ 


SYNTEX LABORATORIES, INC ~ iani o 5 r 
PALO ALTO CA 94304 ~ ©1991 Syntex Laboratories, Inc. 829-12-288-91 
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enough 


Control in the management of __, 
hypoestrogenic and therapeutic effe« 


@ A small impact on bone,* as well as a predictable and 
manageable hypoestrogenic profile. 


© Lets you terminate treatment immediately should that 
be required for any reason, unlike the depot form of 
GnRH? therapy. 


SYNAREL. 
(NAFARELIN ACETATE) 


NASAL SOLUTION, 2MG/Nt 


Setting The Pace In Endometriosis Therap: 





$ BRIEF SUMMARY 

~ SYNAREL® Nasal Solution contains nafarelin acetate (2 mg/mL, ~ perge as nafarelin base), benzalkonium chloride, 
i TE a sodham epee or hydrochioric aci , Sorbitol, and purified water. 

__ INDICATIONS AND USAGE: For management of endometriosis. Experience is limited to women 18 years and older 


reated for 6 months. 

CONTRAINDICATIONS: Hypersensitivity to GnRH, GnRH agonist or any excipients in SYNAREL; undiag- 
nosed abnormal vaginal bleeding; pregnancy or possibility of pregnancy while taking the drug because SYNAREL may 
sause fetal harm administered to a ant woman. If SYNAREL is used during oa or if the patient 
ighis cig se id be apprised of the potential hazard to the fetus; use in women who 


are breast feeding. 
WARNINGS: Sate use in pregnancy has not been established clinically. Before starting treatment preg- 
nancy must 

‘When used regularly at the recommended dose, SYNAREL usually inhibits ovulation and stops menstruation. Contra- 
ception is not insured, particularly if patients miss successive doses. Therefore, patients should use nonhormonal con- 
traception. Advise patients to see their physician if they believe they may be . Ifa patient becomes pregnant 
during treatment, discontinue the drug; apprise patient of the potential risk to the fetus. 

PRECAUTIONS General: rata cysts have been reported in e frst 2 months heap These may resolve spor 
taneously or may require drug discontinuation or surgery. pE 
information for Patients: 1. Since menstruation should stop with SYNAREL, the patient should notify her physician if 
ee een pirshi K paoni is compliantand menstruation persists to second month, consider doubling the 


if pregnant, breast feeding, have undiagnosed abnormal vaginal bleeding, or are allergic to any of its ingredients. 3. Safe 
e mpeane tas l boon ee e a e 

treatment. If a patient becomes pregnant during treatment, she iscontinue the drug and consu ici 
i in clinical studies ae associated with ogenism. Nasal irritation 


: No pharmacokinetic-based drug-drug interaction studies have been conducted. Nafarelin acetate 

is a peptide primari Ce by peptidase and not by cyiochrome P450 enzymes, and is only about 80% bound to 
proteins at 4°C; therefore drug interactions would not be expected to occur. o 

Test Interactions: SYNAREL in therapeutic doses suppresses the pituitary-gonadal system. Nor- 

mal function is usually restored 4-8 weeks after treatment is discontinued. Therefore, diagnostic tests of pituitary 

ic and gonadal functions during treatment and up to 4-8 weeks after discontinuation of SYNAREL may be 


misleading. 
Mutagenesis, Impairment of Fertility: Carcinogenicity studies were conducted in rats and 
mice at intramuscular doses up to 110 times and 560 times the maximum recommended human intranasal dose, 
respectively. These multiples of the human dose are based on the relative bioavailability of the drug by the two routes of 
administration. As with other GnRH agonists, nafarelin acetate given to laboratory rodent at high doses for prolonged 
periods induced hyperplasia and/or neoplasia of endocrine organs. At24 months, there was an increase in the incidence 
_ Of pituitary tumors (adenoma/carcinoma) in high-dose female rats and a dose-related increase in male rats. There was 
an increase in pancreatic islet cell adenomas in both sexes, and in benign testicular and ovarian tumors in the treated 
groups. There was a dose-related increase in benign adrenal medullary tumors in treated female rats. In mice, there was 
a dose-related increase in Harderian gland tumors in males and an increase in pituitary adenomas in h -dose females. 
No metastases of these tumors were observed. It is known that tumorigenicity in rodents is particularly sensitive to 
| NAON st bacterial and mammalian systems provided no evidence of mutagenic potential 
nici ies using ial, yeast, and mammalian ided no evi mutagenic potential. 
Reproduction studies in male and female rats have shown full reversibility of fertility suppression when treatment was 
discontinued after continuous erage ra 
Teratogenic Effects: hi ate tegory X. Intramuscular SYNAREL was administered to rats 
throughout gestation at about 0.5, 2, and 7 times the maximum recommended human intranasal dose based on the 
relative bioavailability by the two routes of administration. An increase in major fetal abnormalities was seen in 4/80 
fetuses at the h dose. A similar study at the same doses in rats and studies in mice and rabbits at doses up to 600 
g/kg/day and 0:18 ,.g/kg/day, respectively, failed to demonstrate an increase in fetal abnormalities after administration 
roulette nal an abt here was a dose elated increase nl mortally and a decrease 1n Bial 
Mothers: Itis not known whether SYNAREL is excreted in human milk. Because many drugs are excreted in 
human milk, and because the effects of SYNAREL on lactation and/or the breastfed child have not been determined, 
SYNAREL should not be used by nursing mothers. 
Rove Use: Safety and effectiveness in children have not been established. 
ADVERSE S: The most frequently reported adverse reactions were those related to hypoestrogenism. In 
controlled studies comparing SYNAREL (400 g/day) and danazol (600 or 800 mg/day), the following adverse reac- 
tions were most frequently reported and t to be drug-related. 


ic: hot flashes (SYNAREL , danazol ), decreased libido (22%, 7%), vaginal d n, 
(19%, 21%), emotional lability (15%, 18%), insomnia (8%, 4%); arn g acne (13%, 20%), 
la (10%, 23%), reduced breast size (10%, 16%), edema (8%, 23%), seborrhea (8%, 17%), wei gain (8%, 
irigh Tad Anga libido (1%, 6%); : nasalirritation (10%, 3%); Miscellaneous: depression 


gipa ae op loss 

Less than 1% of patients experienced paresthesia, palpitations, chloasma, maculopapular rash, eye pain, urticaria, 
asthenia, breast engorgement, and arth ia. In clinical trials, immediate hypersensitivity tto be pos- 
Sibly or probably related to nafarelin occurred in 3 (0.2%) of 1509 healthy subjects or patients. 

Changes Density: After 6 months’ treatment vertebral trabecular bone density and total vertebral bone mass, 


peommendad a months orin presence of oiher known risk factors for decreased bone mineral content may cause addi- 

Changes in Values: Plasma enzymes. During clinical trials SGOT and SGPT levels were more than twice 

Be unor Rn cna ody ene pa co During cinica vials SGOT and SGPT kvl ware ree than tes 

returned to normal after treatment was stopped. 

i Lipids. At enrollment and at end of treatment, 9% of patients on SYNAREL 400 „g/day and 2% on danazol had total 
values above 250 mg/dL. 

Of those with pretreatment cholesterol values below 250 mg/dL, 6% on SYNAREL and 18% on danazol had post- 
treatment values above 250 mg/dL. 

Mean i dma values for total cholesterol from all patients were 191.8 (4.3) mg/dL in the SYNAREL 


group and 1931 mgc- in tho danazol group. Mi the end of reatment, mean values from al perkors ki 
mg/dL in the SYNAREL and 2077 (5.1) mg/dL in the danazol group. These increases from pretreatment values 


were significant (p < 0.05) in both groups. 

Tri ides were increased above the upper limit of 150 mg/dL in 12% ofthe patients on SYNAREL and in 7% ofthe 
patients on ; 

At the end of treatment, no patients on SYNAREL had abnormal low HDL cholesterol fractions ( < 30 mg/dL) com- 
pared with 43% of patients on danazol. No patients on SY L had abnormally high LDL cholesterol fractions 
£> DO mgdL ) compared with 15% of those on danazol. There was no increase in the U/HDL ratio in patients on 
lie De approdmalsly 0.2 ie houen is LDL/HDL ratio in patients on a iii £54 of patient 

changes. In comparative changes were seen in approximately nts. 
SYNAREL was associated with elevations of plasma phosphorous and eosi il counts, and decreases in serum 
calcium and WBC counts. Danazol therapy was associated with an increase of hematocrit and WBC. 

OVERDOSAGE: At present there is no clinical evidence of adverse effects following overdosage of GnRH analogs. 


$| SYNTEX , 
mur OYNAREL 
: (NAFARELIN ACETATE) 
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VIVIDLY ILLUSTRATED: 


Fetal Development and Childbirth 





New! 

A COLOR ATLAS OF 

CHILDBIRTH AND 

OBSTETRIC 

TECHNIQUES 

F.A. Al-Azzawi, MBChB, MA, 

MRCOG 

e Uses step-by-step, high quality photo- 
graphs, diagnostic ultrasound images, 
and line artwork to bridge the gap 
between the textbook and clinical 
practice. 

* Covers normal labor, complications, 
twins, and the three main types of 
caesarean section. 

1991. 144 pages, 341 ills. MYB-Wolfe. 

(Book Code: 06287) 









COLOR ATLAS OF 
LIFE BEFORE BIRTH: 


Normal Fetal Development 
Marjorie A. England 


* Depicts the stages of normal fetal 
development from its microscopic 
beginning to its final form at birth. 

* Detailed illustrations include 710 
full color photographs. 

1990. 216 pages, 767 ills. MYB-Wolfe. 

(Book Code: 20326) Paper. 


Save time! Call toll-free: 800-426-4545, 


Monday-Friday, 7AM-6PM, Central Time 
FAX orders, 314-432-5471 Attn: Direct Marketing 
Please mention this number when calling: FLR-813 

In Canada, call toll-free: 800-268-4178 


Mosby- Year Book 
11830 Westline Industrial Drive 
St. Louis, MO 63146 


Mosby- Year Book, Ltd. 
5240 Finch Avenue East 


Scarborough, Ontario NA M 
Canada M1S 5A2 Year Book 


YE S A Please send the book(s) I’ve checked on 
e no-risk, 30-day approval: 
__ AL-AZZAWI: Color Atlas of Childbirth and Obstetric Techniques 
(06287) $40.00 (U.S.); $52.00 (Can.) 
__ ENGLAND: Color Atlas of Life Before Birth, paper (20326) 
$35.95 (U.S.); $46.75 (Can.) 
SEND NO MONEY NOW! Take a full 30 days to evaluate your 
purchase. If not completely satisfied, simply return your selection and 
owe nothing. /t's that simple! 
— Please bill me Charge my: __ MasterCard __ VISA. .... AmEx 
Card # 5, 
Signature 
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Address , 


City State «| __ Zip 

All orders are billed for postage, handling, and state sales tax, where appropriate. All prices 
subject to change without notice. If using a purchase order, please attachthis coupon and-sénd 
to Pat Newman at the Mosby-Year Book address. 30-day approval good in US. afd Canada. 
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Genetics Is 
much more than 
child's play. 


A lot of companies offer 
laboratory tests. But it’s 
not easy to find one wit} 

our focused experience KÑ 
genetics and infertility. 

At the Genetics & IV} 

Institute, we understary 

the needs of obstetrician 

because we're one of yoy 

In our well-respected nation’ 

reference laboratories, your patien 
samples get the same attentiog 
and turnaround time as our own 
In prenatal cytogenetics, you benefit from 
rapid amniocentesis and one of the world’s mo 
experienced chorionic villus (CVS) labs. We offe 

vou expertise in Fragile X testing, molecular DNA analysis 

for disease/carrier detection and paternity testing, bloo 
chromosome analysis, and MSAFP and Cafr+) screening, 
For treatment of infertility, you can obtain top quality, 
genetically screened donor semen from the Fairfax Cryobank, 
and order rapid hormone assays 305 days a year. And if you 
ever need help with a test result, you consult directly with owr 

laboratory heads, M.D.s, and counselors. 


GENETICS & IVF INSTITUTE 
Serving our colleagues since 1984 


For more information, please call 
1-800-654-GENE. 


Pioneering in Genetics and Infertility Technology 
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CLINICAL SECTION 
W Clinical Articles 





Resident attrition in obstetrics and gynecology 1315 
Vicki L. Seltzer, MD, Robert H. Messer, MD, and R. DeAnne Nehra 
Jamaica, New York, Lubbock, Texas, and Washington, D.C. 


Responses received by the Council on Resident Education in Obstetrics and Gynecology from 
265 obstetrics and gynecology residency program directors indicated a resident attrition rate 
of 3.47% per year. 


Repeated fetal losses associated with antiphospholipid antibodies: A 1318 
collaborative randomized trial comparing prednisone with low-dose 
heparin treatment 


F. Susan Cowchock, MD, E. Albert Reece, MD, Donald Balaban, MD, D. Ware Branch, MD, and 
L. Plouffe, MD 

Philadelphia, Pennsylvania, New Haven, Connecticut, Salt Lake City, Utah, and Augusta, 

Georgia 


Heparin treatment in women with repeated abortions and antiphospholipid antibodies results 
in similar live birth rates and fewer obstetric complications when compared with those in 
women given standard doses of prednisone. 


Necrotizing fasciitis of the vulva 1324 
Hale Stephenson, MD, Deborah J. Dotters, MD, Vern Katz, MD, and William Droegemueller, MD 
Chapel Hill, North Carolina 


Delay in diagnosis and treatment of necrotizing fasciitis of the vulva results in high rates of 
morbidity and mortality. 


(Contents continued on page 4A) 
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Contents continued from page 3A 





The California Maternal Serum a-Fetoprotein Screening Program: The 1328 
role of ultrasonography in the detection of spina bifida 


Lawrence D. Platt, MD, Lisa Feuchtbaum, MPH, Roy Filly, MD, Linda Lustig, MS, Michele Simon, MPH, 
and George C. Cunningham, MD, MPH 
Los Angeles and San Francisco, California 


Ultrasonography as a single entity is inadequate to identify all cases of open spina bifida. 


Fetal humeral length to detect Down syndrome 1330 
Siegfried Rotmensch, MD, Jia-Sen Luo, MD, Marco Liberati, MD, Kathleen Belanger, PhD, 

Maurice J. Mahoney, MD, and John C. Hobbins, MD 

New Haven, Connecticut 


The utility of humeral length screening for Down syndrome is examined. 


Accuracy of frozen-section diagnosis at surgery in clinical stage | and 1335 
ll endometrial carcinoma 


Jae Uk Shim, MD, Peter G. Rose, MD, Frank R. Reale, MD, Henry Soto, MD, Won K. Tak, MD, and 
Richard E. Hunter, MD 
Worcester, Massachusetts 


In clinical stage I and II endometrial carcinoma frozen section correctly identified poor 
prognostic factors in 93.5% of patients. 


(Contents continued on page 7A) 
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è Less frequent dosing (gynecologic infection*: 
1-2 g q12h; prophylaxis: 1 g as a single dose) helps 
reduce the chance of missed doses during your 
patient's care 


è Well established—more and more patients treated 
every day 


è Demonstrated efficacy,'? long half-life, and sustained 
therapeutic concentrations? mean more confidence 
in coverage despite OR delays and prolonged 
procedures 


e Outstanding activity'*® against Neisseria 
gonorrhoeae, Escherichia coli, Bacteroides fragilis, 
and more...CDC-recommended for PID? and cost- 
effective 


For added assurance 


CEFOTAN... 


(cefotetan disodium | 


*Please refer to product labeling for indicated organisms. 
tIn vitro activity does not necessarily correlate with in vivo effectiveness. 


Please see adjacent page for brief summary of prescribing information. 


© 1992 ICI Americas Inc. 
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For Intravenous or Intramuscular Use 
PLEASE SEE FULL PRESCRIBING INFORMATION FOR A COMPLETE DESCRIPTION. 
A BRIEF SUMMARY FOLLOWS. 


INDICATIONS AND USAGE 
TREATMENT 

CEFOTAN is indicated for the therapeutic treatment of the following infections when caused by 
susceptible strains of the designated organisms: 

Urinary Tract Infections caused by F. coli, Klebsiella species (including K. pneumoniae), Proteus 
mirabilis, and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 

Lower Respiratory Tract Infections caused by Streptococcus pneumoniae (formerly D. pneumeniae), 

cCus aureus (penicillinase- and a toot area strains), Haemophilus influenzae 
(including ampicillin-resistant strains), Klebsiella species (including K. pneumoniae), E. coli, Proteus 
mirabilis, and Serratia marcescens”. 

Skin and Skin Structure Infections due to Staphylococcus aureus (penicillinase- and nonpenicillinase- 
producing strains), us epidermidis, Streptococcus pyogenes, Streptococcus species (excluding 
enterococci), Escherichia coli, Klebsiella pneumoniae, Peptococcus niger*, Peptostreptococcus species. 

Gynecologic Infections caused by Staphylococcus aureus (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus species (excluding enterococci), 
Streptococcus agalactiae, E. coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species 
(excluding B. distasonis, B. ovatus, B. thetaiotaomicron), Fusobacterium species’, and gram-positive 
anaerobic cocci (including Peptococcus niger and Peptostreptococcus species). 

Cefotetan, like other cephalosporins, has no activity against Chlamydia trachomatis. Therefore, when 
cephalosporins are used in the treatment of pelvic inflammatory disease, and C. trachomatis is one of the 
suspected pathogens, appropriate antichlamydial coverage should be added. 

intra-abdominal Infections caused by E. cei, Klebsiella species (including K. pneumoniae), Streptococcus 
species (excluding enterococci), Bacteroides species (excluding B. distasonis, B. ovatus, B. thetaietaomicron) 
and Clostridium species”. 

Bone and Joint Infections caused by Staphylococcus aureus* 

“Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify causative 
organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted before results 
of susceptibility studies are known; however, once these results become available, the antibiotic treat- 
ment should be adjusted accordingly. 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro against many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity of 
the infection and the patient's condition. 

NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibictics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is pessible that 
narea may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
PROPHYLAXIS 


The preoperative administration of CEFOTAN may reduce the incidence of certain postoperative 
infections in patients undergoing surgical procedures that are classified as clean contaminated or 
potentially contaminated (e.g., cesarean section, abdominal or vaginal hysterectomy, transurethral 
surgery biliary tract surgery, and enn surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord. i , 

if there are signs and symptoms of infection, specimens for culture should be obtained for identification 
of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
E is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 

BEFORE THERAPY WITH CEFOTAN IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO 
DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO 
CEFOTETAN DISODIUM, CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. IF THIS PRODUCT IS TO 
BE GIVEN TO PENICILLIN-SENSITIVE PATIENTS, CAUTION SHOULD BE EXERCISED BECAUSE CROSS- 
HYPERSENSITIVITY AMONG BETA-LACTAM ANTIBIOTICS HAS BEEN CLEARLY DOCUMENTED AND MAY 
OCCUR IN UP TO 10% OF PATIENTS WITH A HISTORY OF PENICILLIN ALLERGY. IF AN ALLERGIC 
REACTION TO CEFOTAN OCCURS, DISCONTINUE THE DRUG. SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE TREATMENT WITH EPINEPHRINE AND OTHER EMERGENCY MEASURES, 
INCLUDING OXYGEN, INTRAVENOUS FLUIDS, INTRAVENOUS ANTIHISTAMINES, CORTICOSTEROIDS, 
PRESSOR AMINES AND AIRWAY MANAGEMENT, AS CLINICALLY INDICATED. 

Pseudomembranous colitis has been reported with nearly all antibacterial agents, including 
cefotetan, and may range from mild to aerenga Onset of pseudomembranous colitis symptoms 
may occur during or after antibiotic treatment or surgical prophylaxis. Therefore, it is important to 
consider this diagnosis in patients who present with diarrhea subsequent to the administration of 
antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon and may permit overgrowth of 
clostridia. Studies indicate that a toxin produced by Clostridium difficile is a primary cause of “antibiotic- 
associated colitis.” 

After the diagnosis of pseudomembranous colitis has been established, therapeutic measures should 
be initiated. Mild cases of pseudomembranous colitis usually respond to discontinuation of the dru 
alone. In moderate to severe cases, consideration should be given to management with fluids and elec- 
trolytes, protein supplementation, and treatment with an oral antibacterial drug effective against 
Clostridium difficile. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associatec with a fall in 
prothrombin activity and, possibly, subsequent bleeding. Those at increased risk include patients with 
renal or hepatobiliary impairment or poor nutritional state, the elderly, and patients with cancer. Pro- 
eu le should be monitored and exogenous vitamin K administered as indicated. 

General: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 

Information for Patients: As with some other cephalosporins, a disulfiram-like reaction characterized 
by flushing, sweating, headache, and tachycardia may occur when alcohol ps wine, etc.) is ingested 
within 72 hours after CEFOTAN administration. Patients should be cautioned about the ingestion of 
alcoholic beverages following the administration of CEFOTAN. 

Drug Interactions: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
alone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 

Drug/Laboratory Test Interactions: The administration of CEFOTAN may result in a false-positive 
reaction for glucose in the urine using Clinitest®t, Benedict's solution, or Fehling’s solution. It is 
recommended that glucose tests based on enzymatic glucose oxidase be used. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of serum 
and urine creatinine levels by Jaffe reaction and produce false increases in the levels of creatinine reported. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Although long-term studies in animals have not 
been performed to evaluate carcinogenic potential, no mutagenic potential of cefotetan was found in 
standard laboratory tests. 


6A 





(cefotetan disodium | 


Available in 1-gram and 2-gram vials 


Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics and impaired fertility has been reported, particularly at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. 

Pregnancy: Teratogenic Effects. Pregnancy ed gt B: Reproduction studies have been performed in” 
rats and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlied studies 
in pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 

Nursing Mothers: Cefotetan is excreted in human milk in very low concentrations. Caution should be 
exercised when cefotetan is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. Those 
appearing in italics have been reported during postmarketing experience. 

Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700); pseudomembranous colitis. Onset of pseudomembranous colitis symptoms may occur 
during or after antibiotic treatment or surgical prophylaxis. (See WARNINGS.) 

Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 
200), positive direct Coombs test (1 in 250), and thrombocytosis (1 in 300); agranulocytosis, hemolytic 
anemia, leukopenia, thrombocytopenia, and prolonged prothrombin time. 

Hepatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

Ke ogress reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 
(1 in 700); anaphylactic reactions. 

Local effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). 

Miscellaneous: Fever 

In addition to the adverse reactions listed above which have been observed in patients treated with 
cefotetan, the following adverse reactions and altered laboratory tests have been reported for cephalo- 
sporin-class antibiotics: urticaria, pruritis, Stevens-Johnson syndrome, erythema multiforme, toxic epidermal 
necrolysis, vomiting, abdominal pain, colitis, superinfection, vaginitis including vaginal candidiasis, renal 
dysfunction, toxic nephropathy, hepatic dysfunction including cholestasis, aplastic anemia, hemorrhage, 
increased BUN, increased creatinine, elevated bilirubin, pancytopenia, and neutropenia. 

Several cephalosporins have been implicated in triggering seizures, particularly in patients with renal 
impairment when the dosage was not reduced (see DOSAGE AND ADMINISTRATION and OVERDOSAGE). 
If seizures associated with drug therapy occur, the drug should be discontinued. Anticonvulsant therapy 
can be given if clinically indicated. 

DOSAGE AND ADMINISTRATION 
TREATMENT 

The usua! adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intramuscularly 
every 12 hours for 5 to 10 days. Proper dosage and route of administration should be determined by the 
condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 
1 or 2 g every 24 hours IV or IM 
1 or 2 g every 12 hours IV or IM 
Skin & Skin Structure 
Mild-Moderate@ 2 grams 2 g every 24 hours IV 
1 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6 grams? 3 g every 12 hours IV 


aK, a skin and skin structure infections should be treated with 1 or 2 grams every 12 hours 
IV or IM. 

b Maximum daily dosage should not exceed 6 grams. 

If C. trachomatis is a suspected pathogen in gynecologic infections, appropriate antichlamydial 
ae should be added, since cefotetan has no activity against this organism. 
PROPHYLAXIS 

To prevent postoperative infection in clean contaminated or potentially contaminated surgery in adults, 
the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 30 to 60 minutes 
prior to surgery. In patients undergoing cesarean section, the dose should be administered as soon as 
the umbilical cord is clamped. 
IMPAIRED RENAL FUNCTION 

When renal function is impaired, a reduced dosage schedule must be employed. See FULL PRESCRIBING 
INFORMATION for a complete description. 
NOTE: Parenteral drug products should be inspected visually for particulate matter and discoloration 
prior to administration whenever solution and container permit. 
Clinitest®t is a registered trademark of Ames Division, Miles Laboratories, Inc. 


References: 1. Walker CK, Landers DV, Ohm-Smith MJ, et al. Comparison of cefotetan plus line with cefoxitin 
plus doxycycline in the inpatient treatment of acute salpingitis. Sex Trans Dis. 1991;18:119-123. 2. McGregor JA, Gordon SF 
Krotec J, Poindexter AN. of a randomized, multicenter, comparative trial of a single dose of cefotetan versus multiple 
doses of cefoxitin as prophylaxis in cesarean section. Am J Obstet Gynecol. 1988;158:701-706. 3. Carver P, Quintiliani R, 
Nightingale CH. Comparative pharmacokinetic study of cefotetan and cefoxitin in healthy volunteers. Infect Surg. April 
1986(suppl):11-14. 4. Ohm-Smith MJ, Sweet RL, Hadley WK. In vitro activity of Se ea and other antimicrobial 
agents against isolates from tne female genital tract. Antimicrob Chemother 1985;27:958-960. 5. Data on file, 
Stuart Pharmaceuticals, Wilmington, 6. Souza Dias MB, Jacobus NV, Tally FP. Gorbach SL. Activity of cefotetan 
against anaerobic bacteria. Diagn Microbiol Infect Dis. 1986;4:359-363. 7. Wexler HM, Finegold SM. In vitro activity of 
cefotetan compared with that of other antimicrobial agents against anaerobic bacteria. Antimicrob Chemother 
1988;32:601-604. 8. Hennessey TD. Cefotetan: a compilation of susceptibility data of clinical isolates. In: Lode H, Periti P, 
Strachan CJL, eds. Cefotetan: A Long-Acting Antibiotic for Polymicrobial Infections. New York, NY: Churchill Livingstone; 
1985:14-22. 9. Centers for Disease Control. 1989 sexually transmitted diseases treatment guidelines. MMWR. 
1989;38{supp! S-8):1-43. 
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Hospitalization for pregnancy complications, United States, 1986 and 1339 
1987 


Adele L. Franks, MD, Juliette S. Kendrick, MD, David R. Olson, PhD, Hani K. Atrash, MD, MPH, 
Audrey F. Saftlas, PhD, MPH, and Mary Moien, MS 
Atlanta, Georgia 


Demographic features and magnitude of the problem of inpatient care for pregnancy 
complications were investigated with a nationally representative sample of hospitalizations. 


Buserelin acetate versus expectant management in the treatment of 1345 
infertility associated with minimal or mild endometriosis: A randomized 
Clinical trial 


Luigi Fedele, MD, Fabio Parazzini, MD, Enrico Radici, MD, Luca Bocciolone, MD, Stefano Bianchi, MD, 
Cosetta Bianchi, ScD, and Giovanni Battista Candiani, MD 
Milan and Bergamo, Italy 


The efficacy of intranasal buserelin versus expectant management in the treatment of infertile 
women with stage I and II endometriosis has been analyzed in a randomized clinical trial: 
The 1-year and 2-year overall pregnancy rates were similar in the two groups. 


Magnetic cell sorting and the transferrin receptor as potential means 1350 
of prenatal diagnosis from maternal blood 


Dorothee Ganshirt-Ahlert, PhD, Monika Burschyk, MS, Henk S.P. Garritsen, MD, Lisa Helmer, BS, 
Peter Miny, MD, Jiirgen Horst, MD, Hermann P.G. Schneider, MD, and Wolfgang Holzgreve, MD 
Miinster, Germany 


Although magnetic-activated cell sorting was shown to be an effective enrichment method in a 
test model, the transferrin receptor antibody was proved not to be specific enough for the 
isolation of fetal nucleated erythrocytes from maternal blood. 


Training obstetric and family practice residents to give smoking 1356 
cessation advice during prenatal care 


Roger H. Secker-Walker, MB, BChir, Laura J. Solomon, PhD, Brian S. Flynn, ScD, Sandy S. LePage, RN, 
Jane E. Crammond, RN, John K. Worden, PhD, and Philip B. Mead, MD 
Burlington, Vermont 


Obstetric and family practice residents were successfully trained to provide smoking cessation 
advice consistently to pregnant smokers. 


Impact of histocompatibility antigens on pregnancy outcome 1364 
Gungor Eroglu, MD, George Betz, MD, and Caprice Torregano, BS 
New Orleans, Louisiana, and Denver, Colorado 


Histocompatibility antigens neither have an impact on the outcome of pregnancy nor play a 
role in the etiology of idiopathic recurrent spontaneous abortion. 


(Contents continued on page 8A) 
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Changes in human fetal cerebral hemoglobin concentration and 1369 
oxygenation during labor measured by near-infrared spectroscopy 


Donald M. Peebles, MB, BS, A. David Edwards, MB, John S. Wyatt, MB, Anthony P. Bishop, Mark Cope, PhD, 
David T. Delpy, DSc, and E. Osmund R. Reynolds, MD 
London, England 


Near-infrared spectroscopy provides continuous information about cerebral oxygenation and 
blood volume and shows that fetal heart rate decelerations are associated with transient 
cerebral desaturation. 


Risk factors for small-for-gestational-age birth in a preterm population 1374 
Janet M. Lang, PhD, ScD, Amy Cohen, AB, and Ellice Lieberman, MD, DrPH 
Boston, Massachusetts 


Maternal risk factors for small-for-gestational-age birth among premature infants were black 
race, toxemia, and low weight gain or unavailable data on weight gain. 


Treatment of unruptured tubal pregnancy by laparoscopic instillation 1378 
of hyperosmolar glucose solution 
Peter F. Lang, MD, Karl Tamussino, MD, Werner Honigl, MD, and George Ralph, MD 


Graz, Austria 


Laparoscopic instillation of hyperosmolar glucose into unruptured tubal pregnancies seems 
safe and effective when the serum level of human chorionic gonadotropin is =2500 mU/ml. 


The relationship between acute inflammatory lesions of the preterm 1382 
placenta and amniotic fluid microbiology 

Roberto Romero, MD, Carolyn M. Salafia, MD, Apostolos P. Athanassiadis, MD, Shuichi Hanaoka, MD, 
Moshe Mazor, MD, Waldo Sepulveda, MD, and Michael B. Bracken, PhD 

New Haven and Danbury, Connecticut, and Detroit, Michigan 


The presence of acute inflammatory lesions of the chorioamniotic membranes 
(chorioamnionitis) can serve as a marker of microbial invasion of the amniotic cavity. 


Maternal serum a-fetoprotein, 6-human chorionic gonadotropin, and 1388 
unconjugated estriol levels in midtrimester trisomy 18 pregnancies 

Frank Greenberg, MD, Deborah Schmidt, RN, Asha T. Darnule, MD, PhD, Barbara R. Weyland, MPH, 

Esmie Rose, PhD, and Elliot Alpert, MD 

Houston, Texas 


Maternal serum levels of a-fetoprotein and 6-human chorionic gonadotropin may show a 
bimodal distribution in trisomy 18 pregnancies that may affect screening efficiency. 


Ultrastructure of the microvasculature in the human endometrium 1393 
throughout the normal menstrual cycle 
Daniel K. Roberts, MD, PhD, Tim H. Parmley, MD, Nola J. Walker, EMSA, and Douglas V. Horbelt, MD 


Wichita, Kansas, and Little Rock, Arkansas 


Ultrastructural morphologic features of endothelial cells in human endometrial capillaries 
reveal cyclic development; direct cell-to-cell contact may be a possible requirement for 
coordinated growth and development. 
(Contents continued on page 10A) 
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è eliminates risk of of Avitene MCH to the bleed- 617- 938-9328). 
thermal damage. ing site easy. Simply insert 
e adheres tenaciously to the delivery system through 
the bleeding site. a 10 mm trocar sheath and 
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removal of excess by directly to the bleeding | | 
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è is effective in controlling is positioned using 
delayed bleeding. a unique blunt 
è is absorbable. plunger tip from MedChem hiri 
The Endo-Avitene device | that can Endo-Avitene’ 


© Copyright 1992 MedChem Products, Inc. All rights reserved. 
"Endo-Avitene" is a trademark of MedChem Products, Inc. "Avitene" is a registered trademark of MedChem Products, Inc. Manufactured by Alcon (Puerto Rico) Inc., Humacao, Puerto Rico 00792 for MedChem 
Products, Inc., Woburn, MA 01801. Distributed by MedChem Products, Inc., Woburn, MA 01801. See package insert for complete instructions for use. 
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Chorionic villus sampling for fetal Rh typing: Clinical implications 1407 
T.S. Kickler, MD, K. Blakemore, MD, R.S. Shirey MS, S. Nicol, BS, N. Callan, MD, P.M. Ness, MD, 

C. Escallon, MS, and G. Dover, MD 

Baltimore, Maryland 


A simple technique is described for Rh phenotyping of fetal red blood cells from chorionic 
villus samples at 9 to 11 weeks’ gestation. 


Infertility and pregnancy outcome in an unselected group of women 1412 
with insulin-dependent diabetes mellitus 
Karen Kjaer, MD, Claus Hagen, MD, Steen H. Sandø, MD, and Ole Esh¢j, MD 


Odense, Denmark 


Fertility in diabetic women is normal, but diabetic women have fewer pregnancies and fewer 
births per pregnancy than nondiabetic women; only half of pregnancies in diabetic women are 
planned. 


Effects of mefenamic acid on menstrual hemostasis in essential 1419 
menorrhagia 

Marion A. van Eijkeren, MD, PhD, Godelieve C.M.L. Christiaens, MD, PhD, Hans J. Geuze, MD, PhD, 

Ary A. Haspels, MD, PhD, and Jan J. Sixma, MD, PhD 

Utrecht, The Netherlands 


Mefenamic acid improves menstrual hemostasis in essential menorrhagia through an 
improvement of platelet aggregation and degranulation and through increased 
vasoconstriction. 


Elevated plasma Met-enkephalin levels in the human newborn are a 1429 
poor indicator of perinatal stress 

Alma M. Martinez, MD, James F. Padbury, MD, Leslie M. Barberie, BS, Elizabeth E. Burnell, BS, and 

Siang Thio, BS 

Los Angeles and Torrance, California 


Although elevated in umbilical cord plasma of newborn infants after labor, circulating plasma 
Met-enkephalin levels correlate poorly with markers of perinatal stress. 


Lack of reactivity of uterine arteries from patients with obstetric 1436 
hemorrhage 
Sharon H. Nelson, PhD, and Maya S. Suresh, MD 


Galveston, Texas 


Isolated uterine arteries from patients with obstetric hemorrhage had depressed reactivity to 
vasoconstrictors; the depression was not mediated by vasodilator prostaglandins, 
endothelium-derived relaxing factor, or elevated adenosine 3’:5’-cyclic monophosphate. 


(Contents continued on page 13A) 
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an effective contraceptive 
that may provide 

specific noncontraceptive 
health benefits. * 





N 
5 


Levonorgestrel and ethinyl estradiol tablets —Triphasic regimen 


ENHANCING YOUR PERCEPTION 
OF ORAL CONTRACEPTION 


* Serious as well as minor side effects have been reported with use of all oral contraceptives. The physician should remain alert to the earliest symptoms 
of serious disease and discontinue oral contraceptive therapy when appropriate. Please see full prescribing information, a brief summary of which follows. 


€y BE Dedicated to innovation 
“ in OB/GYN medicine 914300071 


TRI LE VL E N ® TONGEE Onn ethinyl estradiol tablets- 


TRI-LEVLEN® 28 TRI-LEVLEN® 21 


BRIEF SUMMARY 

Tri-Levien®—6 drown tablets, each containing 0.050 mg of levonorgestrel (d(-)-13 beta-ethyi-17-alpha-ethinyl-17-beta-hydroxy- 
gon-4-en-3-one), a totally synthetic progestogen, and 0.030 mg of ethinyl estradiol (19-nor-17a-pregna-1,3,5(10)-trien-20-yne- 
3, 17-diol); 5 white tablets, each containing 0.075 mg levonorgestrel and 0.040 mg ethinyl estradiol; 10 light-yellow tablets, 
each containing 0.125 mg levonorgestrel and 0.030 mg ethinyl estradiol (7 light-green tablets containing inert ingredients are 
included in the 28-day triphasic regimen). 

Indications and Usage 

Orol contraceptives are indicated for the prevention of pregnancy in women who elect to use this product as a method 
of contraception. 

Contraindications 

Oral contraceptives should not be used in women with any of the following conditions: thrombophlebitis or thromboembolic 
disorders, a past history of deep-vein thrombophlebitis or thromboembolic disorders, cerebral-voscular or coronary-artery 
disease, known or suspected carcinoma of the breast, carcinoma of the endometrium or other known or suspected astrogen- 
dependant neoplasia, undiagnosed abnormal genital bieeding, cholestatic jaundice of pregnancy or jaundice with prior pill 
use, hepatic adenomas or carcinomas, known or suspected pregnancy. 


Warnings 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral-contraceptive use. This risk increases 


with age and with heavy smoking (15 or more cigarettes per day) and is quite marked in women over 35 years of age. Women 
who use ora! contraceptives should be strongly advised not to smoke. 


The use of oral contraceptives is associated with increased risks of several serious conditions including myocardial infarction, 
thromboembolism, stroke, hepatic neoplasia, gallbladder disease, and hypertension, although the risk of serious morbidity or 
mortality is very small in healthy women without underlying risk factors. The risk of morbidity and mortality increases signifi- 
cantly in the presence of other underlying risk factors such as hypertension, nyperlipidemias, obesity and diabetes. Practition- 
ers prescribing oral contraceptives should be familiar with the following information relating to these risks. The information 
contained in this package insert is principally based on studies carried out in patients who used oral contraceptives with higher 
formulations of estrogens and progestogens than those in common use today. The effect of long-term use of the oral contracep- 
tives with lower formulations of both estrogens and progestogens remains to be determined. Throughout this labeling, epi- 
demiological studies reported ore of two types: retrospective or case control studies and prospective or cohort studies. Case 
control studies provide a measure of the relative risk of disease, namely, a ratio of the incidence of a disease among oral- 
contraceptive users to that among nonusers. The relative risk does not provide information on the actual clinical occurrence 
of o disease. Cohort studies provide a measure of attributable risk, which is the difference in the incidence of disease between 
oral-contraceptive users and nonusers. The attributable risk does provide information about the actual occurrence of a disease 
in the population. For further information, the reader is referred to a text on epidemiological methods. 

1. Thromboembolic Disorders and Other Vascular Probiems 

a. Myocardial Infarction. An increased risk of myocardial infarction has been attributed to oral-contraceptive use. This risk is 
primarily in smokers or women with other underlying risk factors for coronary-artery disease such as hypertension, hyper- 
cholesterolemia, morbid obesity, and diabetes. The relative risk of heart attack for current oral-contraceptive users has been 
estimated to be two to six. The risk is very low under the age of 30. Smoking in combination with oral-contraceptive use has 
been shown to contribute substantially to the incidence of myocardial infarctions in women in their mid-thirties orolder with 
smoking accounting for the majority of excess cases. Mortality rates associated with circulatory disease have been shown to 
increase substantially in smokers over the age of 35 and non-smokers over the age of 40 among women who use oral con- 
traceptives. Oral contraceptives may compound the effects of well-known risk factors, such as hypertension, diabetes, hyper- 
lipidemias, age and obesity. In particular, some progestogens are known to decrease HDL cholesterol and cause glucose 
intolerance, while estrogens moy create a state of hyperinsulinism. Oral contraceptives have been shown to increase blood 
pressure among users (see section 9 in “Warnings”). Similar effects on risk factors have been associated with an increased 
risk of heart disease. Oral contraceptives must be used with caution in women with cardiovascular disease risk factors. 

b. Thromboembolism..An increased risk of thromboembolic and thrombotic disease associated with the use of aral contra- 
ceptives is well established. Cose control studies have found the relative risk of users compared to nonusers to be 3 for the 
first episode of superficial venous thrombosis, 4 to 11 for deep-vein thrombosis or pulmonary embolism, and 1.5 to 6 for women 
witb predisposing conditions for venous thromboembolic disease. Cohort studies have shown the relative risk to be somewhat 
lower, about 3 for new cases and about 4.5 for new cases requiring hospitalization. The risk of thromboembolic disease due 
to oral contraceptives is not related to length of use ond disappears after pill use is stopped. A two-fo four-fold increase in 
relative risk of postoperative thromboembolic complications has been reported with the use of oral contraceptives. The relative 
risk of venous thrombosis in women who have predisposing conditions is twice that of women without such medical conditions 

If feasible, oral contraceptives should be discontinued at least four weeks prior to and for two weeks ofter elective surgery 
of o type associated with an increase in risk of thromboembolism and during and following prolonged immobilization 

Since the immediate post partum period is also associated with an increased risk of thromboembolism, oral contraceptives 
should be started no earlier than four to six weeks offer delivery in women who elect not to breast-feed, or a midtrimester 
pregnoncy termination. 

c. Cerebrovascular diseases. Oral contraceptives have been shown fo increase both the relative and attributable risks of 
cerebrovascular events (thrombotic and hemorrhagic strokes), although, in general, the risk is greatest among cider (>35 
years), hypertensive women who also smoke. Hypertension was found to be a risk factor for both users and nonusers, for both 
types of strokes, while smoking interacted to increase the risk for hemorrhagic strokes. In o large study, the relative risk of 
thrombotic strokes has been shown to range from 3 for normotensive users to 14 for users with severe hypertension. The relative 
risk of hemormhagic stroke is reported to be 1.2 for nonsmokers who used oral contraceptives, 2.6 for smokers who did not use 
oral controceptives, 7.6 for smokers who used oral contraceptives, 1.8 for normotensive users and 25.7 for users with severe 
hypertension. The attributable risk is also greater in older women. 

d. Dose-relaied risk of vascular disease from oral contraceptives. A positive association has been observed between the 
amount of estrogen and progestogen in oral contraceptives and the risk of vascular disease. A decline in serum high-density 
lipoproteins (HDL) has been reported with many progestational agents. A decline in serum high-density lipoproteins has 
been associated with an increased incidence of ischemic heart disease. Because estrogens increase HDL cholesterol, the net 
effect of an oral contraceptive depends on a balance achieved between doses of estrogen and progestogen anc the nature 
and absolute amount of progestogen used in the contraceptive. The amount of both hormones should be consicered in the 
choice of an oral contraceptive. Minimizing exposure to estrogen and progestogen is in keeping with good principles of 
therapeutics For any particular estrogen/progestogen combination, the dosage regimen prescribed should be onewhich con- 
tains the least amount of estrogen and progestogen that is compatible with a low failure rate and the needs of the individual 
patient. New acceptors of oral-contraceptive agents should be started on preparations containing less than 50 mcg 
of estrogen. 

e. Persistence of risk of vascular disease. There are two studies which have shown persistence of risk of vascular disease for 
ever-users of oral contraceptives. In a study in the United States, the risk of developing myocardial infarction after discontinuing 
oral contraceptives persists for at least 9 years for women 40-49 years who had used oral contraceptives for five ormore years, 
buf this increased risk was not demonstrated in other age groups. In onother study in Great Britain, the risk of developing 
cerebrovascular disease persisted for at least 6 years after discontinuation of oral contraceptives, although excess risk wos 
very small. However, both studies were performed with oral-contraceptive formulations containing 50 micrograms or higher 
of estrogens. 

2. Estimates of Mortality from Contraceptive Use. One study gathered data from a variety of sources which have estimated the 
mortality rate associated with different methods of contraception at different ages. These estimates include the combined risk 
of death associated with contraceptive methods plus the risk attributable to pregnancy in the event of method foilure. Each 
method of contraception has its specific benefits and risks. The study concluded that with the exception of oral-centraceptive 
users 35 and older who smoke and 40 and older who do not smoke, mortality associated with all methods of birth control 
is less than that associated with childbirth. The observation of a possible increase in risk of mortality with age for oral- 
contraceptive users is based on doto gathered in the 1970’s—but not reported until 1983. However, current clinical practice 
involves the use of lower estrogen dose formulations combined with careful restriction of oral-contraceptive use to women who 
do not have the various risk factors listed in this labeling. Because of these changes in practice and, also, because of some 
limited new data which suggest that the risk of cardiovascular disease with the use of oral contraceptives may now be less 
thon previously observed, the Fertility and Maternal Health Drugs Advisory Committee was asked to review the topic in 1989. 
The Committee concluded that although cardiovasculor-disease risks may be increased with oral-contraceptive use after age 
40 in healthy nonsmoking women (even with the newer low-dose formulations), there ore greater potential health risks 
associated with pregnancy in older women and with the alternative surgical and medical procedures which may be necessary 
if such women do not have access to effective and acceptable meons of contraception. Therefore, the Committee recom- 
mended that the benefits of oral-contraceptive use by healthy nonsmoking women over 40 may outweigh the pessible risks. 
Of course, older women, as all women who take oral contraceptives, should take the lowest possible dose formulation that 
is effective. 

3. Carcinoma of the Reproductive Organs. Numerous epidemiological studies have been performed on the incidence of breast, 
endometrial, ovarian and cervical cancer in women using oral contraceptives. The overwhelming evidence in the literature 
suggests that use of oral contraceptives is not associated with an increase in the risk of developing breast cancer, regardless 
of the age and parity of first use or with most of the marketed brands and doses. The Cancer and Steroid Hormone (CASH) 
study also showed no latent effect on the risk of breast cancer for at least a decade following long-term use. A few studies 
have shown a slightly increased relative risk of developing breast cancer, although the methodology of these studies, which 
included differences in examination of users and nonusers and differences in age at start of use, has been questioned. Some 
studies suggest that oral-contraceptive use has been associated with an increase in the risk of cervical intraepithelial neo- 
plasia in some populations of women. However, there continues to be controversy about the extent to which such findings may 
be due to differences in sexual behavior and other factors. In spite of many studies of the relationship between oral- 
contraceptive use and breast and cervical cancers, a cause-and-effect relationship has not been established. 

4. Hepatic Neoplasia. Benign hepatic adenomas are associated with oral-contraceptive use, although the incidence of benign 
tumors is rare in the United States. indirect calculations have estimated the attributable risk to be in the range ef 3.3 cases/ 
100,000 fer users, a risk that increases after four or more years of use. Rupture of rare, benign, hepatic adenomas may couse 
death through intra-abdominal hemorrhage. Studies from Britain have shown on increased risk of developing hepatocellular 
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carcinoma in long-term (>8 years) oral-contraceptive users. However, these cancers are extremely rare in the U.S. and the 
attributable risk (the excess incidence) of liver cancers in oral-contraceptive users approaches less than one per million users. 
5. Oculor Lesions. There have been clinical case reports of retinal thrombosis associatec with the use of oral contra- 
ceptives. Oral contraceptives should be discontinued if there is unexplained partial or complete loss of vision; onset of proptosis 
or diplopia; papiliedema; or retinal vascular lesions. Appropriate diagnostic and therapeutic measures should be under- 
token immediately. 

6. Oral-Contraceptive Use Before or During Early Pregnancy. Extensive epidemiological studies have revealed no increased risk 
of birth defects in women who have used oral contraceptives prior to pregnancy. Studies also do not suggest a teratogenic 
effect, particularly insofar as cardiac anomalies and limb-reduction defects are concerned, when taken inadvertently during 
early pregnancy. The administration of oral contraceptives to induce withdrawal bleeding should not be used as a test for pregnancy. 
Oral contraceptives should not be used during pregnancy to treat threatened or habitual abortion. It is recommended that for 
any patient who has missed two consecutive periods, pregnancy should be ruled out before continuing oral-contraceptive use. 
if the patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at the time of the 
first missed period. Oral-contraceptive use should be discontinued if pregnancy is confirmed. 

7. Gallbladder Diseose. Earlier studies have reported an increased lifetime relative risk of gallbladder surgery in users of oral 
contraceptives and estrogens. More recent studies, however, have shown that the relative risk of developing gallbladder disease 
among oral-contraceptive users may be minimal. The recent findings of minimal risk may be related to the use of oral-contraceptive 
formulations containing lower hormonal doses of estrogens and progestogens. 

8. Carbohydrate and Lipid Metabolic Effects. Oral contraceptives have been shown to cause glucose intolerance in a significant 
percentage of users. Oral contraceptives containing greater than 75 micrograms of estrogens cause hyperinsulinism, while 
lower doses of estrogen cause less glucose intolerance. Progestogens increase insulin secretion and create insulin resistance, 
this effect varying with different progestational agents. However, in the nondiabetic woman, oral contraceptives appear to have 
no effect on fasting blood glucose. Because of these demonstrated effects, prediabetic and diabetic women should be carefully 
observed while taking oral contraceptives. A small proportion of women will have persistent hypertriglyceridemia while on the 
pill. As discussed earlier (see “Warnings” la. and Id.), changes in serum triglycerides and lipoprotein levels have been reported 
in oral-contraceptive users. 

9. Elevated Blood Pressure. An increase in blood pressure has been reported in women taking oral contraceptives and this increase 
is more likely in older oral-contraceptive users and with continued use. Dota from the Royal College of General Practitioners 
and subsequent randomized trials have shown that the incidence of hypertension increases with increasing quontities of 
progestogens. Women with a history of hypertension or hypertension-related diseases, or renal disease should be encouraged 
to use another method of contraception. If women with hypertension elect to use oral contraceptives, they should be monitored 
closely, and if significant elevation of blood pressure occurs, ora! contraceptives should be ciscontinued. For most women, 
elevated blood pressure will return to normal after stopping oral contraceptives, and there is no difference in the occurrence 
of hypertension among ever-and never-users. 

10. Headache. The onset or exacerbation of migraine or development of headache with a new pattern thot is recurrent, persis- 
tent or severe requires discontinuation of oral contraceptives and evaluation of the cause. 

Il. Bleeding Irregularities. Breakthrough bleeding and spotting are sometimes encountered in patients on oral contraceptives, 
especially during the first three months of use. The type and dose of progestogen may be important. Nonhormonal causes 
should be considered and adequote diagnostic measures token to rule out malignancy or pregnancy in the event of break- 
through bleeding, as in the case of any abnormal vaginal bleeding If pathology has been excluded, time or a change to another 
formulation may solve the problem. In the event of amenorrhea, pregnancy should be ruled out. Some women may encounter 
post-pill amenorrhea or oligomenorrhea, especially when such o condition was preexistent. 

Precautions 

1. PHYSICAL EXAMINATION AND FOLLOW UP. A complete medical history and physical examination should be taken prior to 
the initiation or reinstitution of oral contraceptives and at least annually during use of oral contraceptives. These physical exam- 
inations should include special reference to blood pressure, breasts, abdomen and pelvic organs, including cervical cytology, 
and relevant laboratory tests. In case of undiagnosed, persistent or recurrent abnormal vaginal bleeding, appropriate diag- 
nostic measures should be conducted to rule out malignancy. Women with a strong family history of breast cancer or who 
have breast nodules should be monitored with particular core. 2. LIPID DISORDERS. Women who are being treated for hyper- 
lipidemias should be followed closely if they elect to use oral contraceptives. Some progestogens may elevate LDL levels and 
may render the control of hyperlipidemias more difficult. (See “Warnings” 1d.) 3. IVER FUNCTION. If jaundice develops in any 
woman receiving such drugs, the medication should be discontinued. Steroid hormones may be poorly metabolized in patients 
with impaired liver function. 4. FLUID RETENTION. Oral contraceptives may cause some degree of fluid retention. They should 
be prescribed with caution, and only with careful monitoring, in patients with conditions which might be aggravated by fluid 
retention. 5. EMOTIONAL DISORDERS. Patients becoming significantly depressed while taking oral contraceptives should stop 
the medication and use an alternate method of contraception in on attempt to determine whether the symptom is drug related. 
Women with a history of depression should be carefully observed and the drug discontinued if depression recurs to a serious 
degree. 6. CONTACT LENSES. Contact-ians wearers who develop visual changes or changes in lens toleronce should be 
assessed by an ophthalmologist. 7. DRUG INTERACTIONS. Reduced efficacy and increased incidence of breakthrough bleeding 
and menstrual irregularities have been associated with concomitant use of rifampin. A similar association, though less marked, 
has been suggested with barbiturates, phenylbutazone, phenytoin sodium, and possibly with griseofulvin, ampicillin and tetra- 
cyclines. 8. INTERACTIONS WITH LABORATORY TESTS. Certain endocrine-and liver-function tests and blood components may 
be affected by oral contraceptives: a. Increased prothrombin and factors VII, Vill, IX, and X; decreased antithrombin 3; increased 
norepinephrine-induced platelet aggregability. b. Increased thyroid-binding globulin (TBG) leading to increased circulating total 
thyroid hormone, as measured by protein-bound iodine (PBI), T4 by column or by radioimmunoassay. Free T3 resin uptake is 
decreased, reflecting the elevated TBG, free T4 concentration is unaltered. c. Other binding proteins may be elevated in serum. 
d. Sex-binding globulins ore increosed and result in elevated levels of total circulating sex steroids and corticoids; however, 
free or biologically active levels remain unchanged. e. Triglycerides may be increased. f. Glucose tolerance may be decreased. 
g. Serum folate levels may be depressed by oral-contraceptive therapy. This may be of clinical significance if a woman becomes 
pregnant shortly after discontinuing orol contraceptives. 9. CARCINOGENESIS. See “Wamings” section. 10. PREGNANCY. Pregnancy 
Category X. See “Contraindications” and “Warnings” sections. 11. NURSING MOTHERS. Small amounts of oral-contraceptive 
steroids have been identified in the milk of nursing mothers and a few adverse effects on the child have been reported, including 
jaundice and breast enlargement. In addition, oral contraceptives given in the postpartum period moy interfere with lactation 
by decreasing the quantity and quality of breast milk. If possible, the nursing mother should be advised not to use oral con- 
traceptives but to use other forms of contraception until she has completely weaned her child. 

Information for the Patient 

See Patient Labeling. 

Adverse Reactions 

An increased risk of the following serious adverse reactions has been ossociated with the use of oral contraceptives (see “Warnings” 
section): thrombophlebitis, arterial thromboembolism, pulmonary embolism, myocardial infarction, cerebral hemorrhage, cerebral 
thrombosis, hypertension, gallbladder disease, hepatic adenomas or benign liver tumors 

There is evidence of an association between the following conditions and the use of oral contraceptives, although addifional 
confirmatory studies are needed: mesenteric thrombosis, retinal thrombosis. 

The following adverse reactions have been reported in patients receiving oral contraceptives ond are believed to be drug related: 
nausea; vomiting; gastrointestinal symptoms (such as abdominal cramps and bloating); breakthrough bleeding; spotting; change 
in menstrual flow; amenorrhea; temporary infertility after discontinuation of treatment; edema; melasma which may persist; 
breast changes: tenderness, enlargement, secretion; change in weight (increase or decrease); change in cervical erosion and 
secretion; diminution in lactation when given immediately postpartum; cholestatic jaundice; migraine; rash (allergic); mental 
depression; reduced tolerance to carbohydrates; vaginal candidiasis; change in corneal curvature (steepening); intolerance 
to contact lenses. 

The following adverse reactions have been reported in users of orol contraceptives and the association has been neither confirmed 
nor refuted: congenital anomalies, premenstrual syndrome, cataracts, optic neuritis, changes in appetite, cystitis-like syndrome, 
headache, nervousness, dizziness, hirsutism, loss of scalp hair, erythema multiforme, cerebral-vosculor disease with mitral valve 
prolapse, lupus-ike syndromes, erythema nodosum, hemorrhagic eruption, vaginitis, porphyria, impaired renal function, hemolytic 
uremic syndrome, Budd-Chiari syndrome, acne, changes in libido, colitis, sickle-cell disease. 

Overdosage 

Serious ill effects have not been reported following acute ingestion of large doses of oral contraceptives by young children. 
Overdosage moy cause nausea, and withdrawal bleeding may occur in females. 

Noncontraceptive Health Benefits 

The following noncontraceptive health benefits related to the use of oral contraceptives are supported by epidemiological 
studies which largely utilized oral-contraceptive formulations containing doses exceeding 0.035 mg of ethiny! estradiol or 0.05 
mg of mestranol. 

Effects on menses: increased menstrual cycle regularity, decreased blood loss and decreased incidence of iron-deficiency 
anemia, decreased incidence of dysmenorrhea. 

Effects related to inhibition of ovulation: decreased incidence of functional ovarian cysts, decreased incidence of ectopic preg- 
nancies. 

Effects from long-term use: decreased incidence of fibroadenomas and fibrocystic disease of the breast, decreased incidence 
of acute pelvic inflammatory disease, decreased incidence of endometrial cancer, decreased incidence of ovarian cancer. 
Dosage and Administration 

To achieve maximum contraceptive effectiveness, TRI-LEVLEN® tablets (Levonorgestrel and Ethinyl Estradiol Tablets—Triphasic 
Regimen) must be taken exactly as directed and at intervals not exceeding 24 hours. 


For full details on dosage and administration see prescribing information in package insert. 60627-0 5/90 
Dedicated to innovation in OB/GYN medicine 
® 
Berlex Laboratories, Wayne, New Jersey 07470 
© 1992, Berlex Laboratories. All rights reserved. 914300077 
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A reevaluation of estrogen status in postmenopausal women who 1444 
smoke 

Denise Lee Cassidenti, MD, Malcolm C. Pike, PhD, Ariel G. Vijod, MS, Frank Z. Stanczyk, PhD, and 

Rogerio A. Lobo, MD 

Los Angeles, California 


Smoking increases adrenal activity, resulting in higher androstenedione levels, but in nonusers 
of estrogen smoking does not appear to be associated with changes in estrogen levels. 


Human fetal bilirubin levels and fetal hemolytic disease 1449 
Carl P. Weiner, MD 
Iowa City, Iowa 


An elevated fetal bilirubin level identifies the antigen-positive fetus as high risk for the 
development of alloimmune hemolytic anemia. 


Origin of cervical collagenase during parturition 1455 
R. Osmers, MD, B.C. Adelmann-Grill, MD, PhD, C. Fittkow, MD, M. Kuloczik, MD, M. Szeverenyi, MD, 

H. Tschesche, PhD, and W. Kuhn, MD 

Göttingen, Martinsried, Munich, and Bielefeld, Germany, and Debrecen, Hungary 


Collagenase activity observed in cervical tissue during parturition is probably derived from 
invading polymorphonuclear leukocytes and not from resident fibroblasts. 


Acute genital injury in the prepubertal girl 1461 
Susan F. Pokorny, MD, William J. Pokorny, MD, and Wayne Kramer, MD 
Houston, Texas 


Guidelines for management of genital injuries in the prepubertal girl are needed to minimize 
the physical and psychosocial trauma of the survivor. 


The use of a neural network for the ultrasonographic estimation of 1467 
fetal weight in the macrosomic fetus 


Richard M. Farmer, MD, PhD, Arnold L. Medearis, MD, Greigh I. Hirata, MD, and Lawrence D. Platt, MD 
Los Angeles, California 


Results obtained from a biologically simulated intelligence model, or neural network, in the 
estimation of fetal weight in the clinically suspected macrosomic fetus are compared with 
previously published formulas; the neural network performed statistically better. 


Fetal echocardiography: Accuracy and limitations in a population at 1473 
high and low risk for heart defects 


Bryann Bromley, MD, Judy A. Estroff, MD, Stephen P. Sanders, MD, Richard Parad, MD, 
Drucilla Roberts, MD, Fredric D. Frigoletto, Jr., MD, and Beryl R. Benacerraf, MD 
Boston, Massachusetts 


Fetal echocardiography accurately identifies 83% of fetuses with heart defects in both high- 
and low-risk populations. 
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In situ and invasive vulvar cancer incidence trends (1973 to 1987) 1482 
Susan R. Sturgeon, DrPH, Louise A. Brinton, PhD, Susan S. Devesa, PhD, and Robert J. Kurman, MD 
Bethesda and Baltimore, Maryland 


In situ vulvar carcinoma incidence nearly doubled from the period 1973 through 1976 to the 
period 1985 through 1987; invasive squamous cell carcinoma incidence was relatively stable 
over the same period. 


Comprehensive fetal assessment with three ultrasonographic 1486 
characteristics 
David K. James, MD, Michael J. Parker, MD, and John S. Smoleniec, MB 


Bristol, England 


Useful prediction of outcome was obtained by fetal assessment combining umbilical artery 
Doppler recording with abdominal circumference measurement and with the biophysical 


profile score. 


A model-based prediction for transvaginal ultrasonographic 1495 
identification of early intrauterine pregnancy 

Bruce S. Shapiro, MD, Michael Escobar, PhD, Robert Makuch, PhD, Gad Lavy, MD, and 

Alan H. DeCherney, MD 

New Haven, Connecticut 


A mathematic model for transvaginal ultrasonographic detection of early intrauterine 
pregnancy was constructed, predicting identification by human chorionic gonadotropin titer or 


gestational age. 


Influence of labor and oxytocin on in vitro leukotriene release by 1500 
human fetal membranes and uterine decidua at term gestation 

Nino Pasetto, MD, Alessandra Zicari, MD, Emilio Piccione, MD, Luisa Lenti, MD, Giuseppe Pontieri, MD, and 
Carlo Ticconi, MD 

Rome, Italy 


The in vitro leukotriene release by human fetal membranes and uterine decidua in response to 
calcium ionophore is higher after the onset of labor and is enhanced by oxytocin. 


Comparison of adenocarcinoma and squamous cell carcinoma of the 1507 
uterine cervix: A population-based epidemiologic study 

Hoda Anton-Culver, PhD, Jeffrey D. Bloss, MD, Deborah Bringman, MPH, Anna Lee-Feldstein, PhD, 

Philip DiSaia, MD, and Alberto Manetta, MD 


Irvine, California 


Cervical adenocarcinoma was diagnosed at a younger age and an earlier stage than squamous 
cell carcinoma; risk for squamous cell carcinoma was highest in Hispanics and for 


adenocarcinoma in Asians. 
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A review of premature birth and subclinical infection 1515 
R.S. Gibbs, MD, R. Romero, MD, S.L. Hillier, PhD, D.A. Eschenbach, MD, and R.L. Sweet, MD 
Denver, Colorado, Detroit, Michigan, Seattle, Washington, and San Francisco, California 


This article reviews evidence suggesting a link between subclinical infection and prematurity. 
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In the rhesus monkey placental retention after fetectomy at 121 to 130 1529 
days’ gestation outlasts the normal duration of pregnancy 


P.W. Nathanielsz, MD, PhD, J.P. Figueroa, MD, PhD, and M.B.O.M. Honnebier, MD 
Ithaca, New York 


After removal of the fetus at 121 to 130 days’ gestation, the placenta of the pregnant rhesus 
monkey is retained in utero past the normal duration of pregnancy. 


The effect of benzo(a)pyrene on murine ovarian and corpora lutea 1535 
volumes 

Michael M. Miller, MD, David R. Plowchalk, PhD, Glenn A. Weitzman, MD, Steve N. London, MD, and 
Donald R. Mattison, MD 

Little Rock and Jefferson, Arkansas, Durham, North Carolina, Lexington, Kentucky, and 

Pittsburgh, Pennsylvania 


Intraperitoneal injection of the polycyclic aromatic hydrocarbon benzo(a)pyrene produced a 
time- and dose-dependent decrease in ovarian volume, total corpora luteal volume, and 
number of corpora lutea per ovary. 


The mechanisms of preterm labor: Common genital tract pathogens do 1541 
not metabolize arachidonic acid to prostaglandins or to other 
eicosanoids 


Phillip R. Bennett, BSc, MD, and Murdoch G. Elder, MD 
London, England 


With radiolabeled arachidonic acid and high-performance liquid chromatography it was 
demonstrated that, although they do take up arachidonic acid, common genital tract 
pathogens cannot synthesize either prostaglandins or other eicosanoids and therefore cannot 
initiate preterm labor by direct release of these compounds. 


Renal autoregulation in midterm and late-pregnant rats 1546 
Jane F. Reckelhoff, PhD, Stanley D. Yokota, PhD, and Christine Baylis, PhD 
Morgantown, West Virginia 


Autoregulation of renal blood flow remains intact in the gravid rat in spite of midterm renal 
vasodilatation and late gestational hypotension. 
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Effects of antenatal thyrotropin-releasing hormone, antenatal 1551 
corticosteroids, and postnatal ventilation on surfactant mobilization in 

premature rabbits 

Steven Seidner, MD, Evelyn Rider, MD, Alan Jobe, MD, PhD, Takako Yamada, MD, and 

Machiko Ikegami, MD, PhD 

Torrance, California 


Mobilization of surfactant in premature rabbits was not affected by antenatal 
thyrotropin-releasing hormone or corticosteroids, but the mode of ventilation used postnatally 
had significant effects. 


Nw-Nitro-L-arginine, an inhibitor of nitric oxide synthesis, increases 1560 
blood pressure in rats and reverses the pregnancy-induced 

refractoriness to vasopressor agents 

Miklos Molnar, MD, and Frank Hertelendy, PhD, DSc 


St. Louis, Missouri 


Experimental evidence indicates that nitric oxide is an important regulator of 
pregnancy-associated vasodilatation and reduced pressor responsiveness. 


Role of prostaglandins in the metabolic responses of the fetus to 1568 
hypoxia 

Stuart B. Hooper, PhD, Richard Harding, PhD, Jan Deayton, BSc, and Geoffrey D. Thorburn, MD 

Clayton, Victoria, Australia 


Inhibiting prostaglandin synthesis during fetal hypoxia increases the severity of the 
hyperglycemia, acidemia, and hyperlactemia that are normally associated with hypoxia. 


Tumor necrosis factor in preterm and term labor 1576 
Roberto Romero, MD, Moshe Mazor, MD, Waldo Sepulveda, MD, Cecilia Avila, MD, Diane Copeland, MS, and 
John Williams, PhD 

New Haven, Connecticut, Detroit, Michigan, and Cambridge, Massachusetts 


Amniotic fluid tumor necrosis factor-a concentrations are elevated in women with preterm 
labor and microbial invasion of the amniotic cavity and in women with spontaneous term 
labor. 
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You think it’s 
good medicine. 


She thinks it’s 
wonderful. 


Thanks to you and Premarin; 
she could make these years the 
best years of her life 


Hot flashes—Now part of the past for millions 

of women 

Premarin® can dramatically reduce the incidence of hot 
flashes, night sweats, and related sleep disturbances. 


Osteoporosis—No longer part of the future for 
many women 

Premarin® is the first estrogen product proven to 
prevent postmenopausal osteoporosis in women at 
risk. And it’s the only estrogen product proven in 
studies to reduce the risk of osteoporosis-related 
fractures by as much as 62%.’ 


Contraindications 


Estrogens should not be used in women (or men) with any of the 
following conditions: known or suspected 1) pregnancy, 2) breast 
cancer, 3) estrogen-dependent neoplasia, 4) undiagnosed abnormal 
genital bleeding, 5) active thrombophlebitis or thromboembolic 
disorders. 


Note: Estrogens have been reported to increase the risk of endometrial 
carcinoma in postmenopausal women. 


P rie 


Nothing else is 


PREMARIN 


(conjugated estrogens tablets} 


The appearance of this tablet is a trademark of Wyeth-Ayerst Laboratories. 





Please see brief summary of prescribing information on next page. 
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PREMARIN® Brand of conjugated estrogens tablets, USP 
PREMARIN® Brand of a 


ugated estrogens Vaginal Cream, in a nonliquefying base 


1. ESTROGENS HAVE BEEN REPORTED TO INCREASE THE RISK OF ENDOMETRIAL CARCINOMA. 
Close clinical surveillance of all women taking estrogens is important. Adequate diagnostic measures 
including endometrial sampling when indicated should be undertaken to rule out malignancy in all cases 
of undiagnosed persistent or recurring abnormal vaginal bleeding. There is currently no evidence that 
“natural” estrogens are more or less hazardous than “synthetic” estrogens at equiestrogenic doses 
2. ESTROGENS SHOULD NOT BE USED DURING PREGNANCY. 
Estrogen therapy during pregnancy is associated with an increased risk of congenital defects in the 
reproductive organs of the male and female fetus, an increased risk of vaginal adenosis, squamous-cell 
dysplasia of the uterine cervix, and vaginal cancer in the female later in life. The 1985 DES Task Force 
concluded that women who used DES during their pregnancies may subsequently experience an 
increased risk of breast cancer. However, a causal relationship is still unproven, and the observed level of 
risk is similar to that for a number of other breast cancer risk factors. 

There is no indication for estrogen therapy during pregnancy. Estrogens are ineffective tor the 
prevention or treatment of threatened or habitual abortion 


















DESCRIPTION: PREMARIN (conjugated estrogens, USP) contains a mixture of estrogens, obtained ex- 
Clusively from natural sources, blended to represent the average composition of material derived from 


pregnant mares’ urine. It contains estrone, equilin, and 
17a-dihycroequilin, together with smaller amounts of 
17a-estradiol, equilenin, and 17a-dihydroequilenin as 
Salts of their sulfate esters. Tablets are available in 0.3 mg, 
0.625 mg, 0.9 mg, 1.25 mg, and 2.5 mg strengths of 
conjugated estrogens. Cream is available as 0.625 mg 
conjugated estrogens per gram. 


INDICATIONS AND USAGE: Moderate-to-severe vaso- 
motor symptoms associated with the menopause. (There 
is no evidence that estrogens are effective for nervous 
symptoms or depression which might occur during 
menopause and they should not be used to treat these 
conditions.) Prevention and management of osteoporosis 
(abnormally low bone mass). Atrophic vaginitis. Atrophic 
urethritis. Hypoestrogenism due to hypogonadism, cas- 
tration or primary ovarian failure. 

PREMARIN (conjugated estrogens) Vaginal Cream is 
indicated im the treatment of atrophic vaginitis and 
kraurosis vulvae. 

PREMARIN HAS NOT BEEN SHOWN TO BE EFFECTIVE 
FOR ANY PURPOSE DURING PREGNANCY AND ITS USE 
MAY CAUSE SEVERE HARM TO THE FETUS (SEE BOXED 
WARNING). 


CONTRAINDICATIONS: Estrogens should not be used 
in women (cr men) with any of the following conditions: 
1. Known or suspected pregnancy (see Boxed Warning). 
2. Known or suspected cancer of the breast except in 
appropriately selected patients being treated for meta- 
Static disease. 3. Known or suspected estrogen-depen- 
dent neoplasia. 4. Undiagnosed abnormal genital 
bleeding. 5. Active thrombophlebitis or thromboembolic 
disorders. 6 Estrogen replacement therapy has not been 
reported to increase the risk of thrombophlebitis and/or 
thromboembolic disease. However, there is insufficient 
information regarding women who have had previous 
thromboembolic disease. 

PREMARIN Tablets and Vaginal Cream should not be 
used in patients hypersensitive to their ingredients. 
WARNINGS: Some studies suggest a possible increased incidence of breast cancer in women taking higher 
doses of estrogen for prolonged time periods. The majority of studies have not shown an association with 
usual estrogen replacement doses. Endometrial cancer risk among estrogen users was about 4-fold or greater 
than in non-users, and appears dependent on treatment duration and estrogen dose. In patients on combined 
estrogen-progestin therapy, this risk appears to be decreased. (See PRECAUTIONS below.) 

—— therapy during pregnancy is associated with an increased risk of fetal congenital reproductive tract 
disorders. 

A 2.5-fold increase in the risk of surgically confirmed gall bladder disease in women receiving 
postmenopausal estrogens has been reported. 

Large doses of estrogen such as those used to treat prostate and breast cancer have been shown to increase 
the risk of non-fatal myocardial infarction, pulmonary embolism, and thrombophlebitis in men. This cannot 
necessarily De extrapolated to women. However, to avoid theoretical cardiovascular risk caused by high 
estrogen doses, the doses for estrogen replacement therapy should not exceed the recommended dose. 

Blood pressure should be monitored with estrogen use, especially if high doses are used. 

Estrogens may lead to severe hypercalcemia in patients with breast cancer and bone metastases. 
PRECAUTIONS: The addition of a progestin for 7 or more days of a cycle of estrogen administration 
reportedly lowers the incidence of endometrial hyperplasia. Studies of endometrium suggest that 10 to 13 days 
of progestin are needed to provide maximal endometrial maturation and elimination of hyperplastic changes 
Additional risks, such as adverse effects on carbohydrate and lipid metabolism, may be associated with the 
inclusion of progestin in estrogen replacement regimens. The choice of progestin and dosage may be 
important in minimizing these adverse effects. 

Physical examination and a complete medical and family history should be taken prior to the initiation of 
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The appearance of this tablet is a 
trademark of Wyeth-Ayerst Laboratories. 


OSTEOPOROSIS 
The only cure is prevention 


any estrogen therapy with special reference to blood pressure, breasts, abdomen, and pelvic organs, and 
should include a Papanicolaou smear. As a general rule, estrogen should not be prescribed for longer than one 
year without another physical examination being performed. Conditions influenced by fluid retention, such as 
asthma, epilepsy, migraine, and cardiac or renal dysfunction, require careful observation. Certain patients may 
develop manifestations of excessive estrogenic stimulation, such as abnormal or excessive uterine bleeding 
and mastodynia. Pre-existing uterine leiomyomata may increase in size during estrogen use. Estrogens should 
be used with care in patients with impaired liver function, renal insufficiency, or metabolic bone diseases 
associated with hypercalcemia. 

The following drug/laboratory test interactions have been reported, some only with estrogen-progestin 
combinations (oral contraceptives): 

1. Increased prothrombin and factors VII, VIII, IX, and X; decreased antithrombin 3; increased nor- 
epinephrine-induced platelet aggregability. 

2. Increased thyroid binding globulin (TBG) leading to increased circulating total thyroid hormone, as 
measured by T, levels determined by column or by radioimmunoassay: Free T resin uptake is decreased, 
reflecting the elevated TBG; free T concentration is unaltered. 

3. Impaired glucose tolerance. 

4. Reduced response to metyrapone test. 

5. Reduced serum folate concentration. 

MUTAGENESIS AND CARCINOGENESIS: Long-term, continuous administration of natural and synthetic 
estrogens in certain animal species increases the frequency of carcinomas of the breast, cervix, vagina, and 
liver. 

PREGNANCY CATEGORY X: Estrogens should not be used during pregnancy. See CONTRAINDICATIONS 
and Boxed an 

NURSING MOTHERS: As a general principle, the ad- 
ministration of any drug to nursing mothers should be 
done only when clearly necessary since many drugs are 
excreted in human milk. 

ADVERSE REACTIONS: The following have been re- 
ported with estrogenic therapy: changes in vagina! bleed- 
ing pattern and abnormal withdrawal bleeding or flow, 
breakthrough bleeding, spotting, increase in size of uter- 
ine fibromyomata, vaginal candidiasis, change in amount 
of cervical secretion; tenderness or enlargement of 
breasts; nausea, vomiting, abdominal cramps, bloating, 
cholestatic jaundice; chloasma or melasma that may per- 
sist when drug is discontinued, erythema multiforme, 
erythema nodosum, hemorrhagic eruption, loss of scalp 
hair, hirsutism; steepening of corneal curvature, intol- 
erance to contact lenses; headache. migraine, dizziness, 
mental depression, chorea; increase or decrease in 
weight; reduced carbohydrate tolerance; aggravation of 
porphyria, edema; changes in libido. 

ACUTE OVERDOSAGE: May cause nausea and 
vomiting. 

DOSAGE AND ADMINISTRATION: 

PREMARIN® Brand of conjugated estrogens tab- 
lets, USP 

1. Given cyclically for short-term use only. For treatment 
of moderate-to-severe vasomotor symptoms, atrophic 
vaginitis, or atrophic urethritis associated with the meno- 
pause (0.3 mg to 1.25 mg or more daily). The lowest dose 
that will control symptoms should be chosen and medica- 
tion should be discontinued as promptly as possible. 
Administration should be cyclic (eg, three weeks on and 
one week off). Attempts to discontinue or taper medication 
should be made at three- to six-month intervals. 

2. Given cyclically: Hypoestrogenism. Osteoporosis. 

Hypoestrogenism due to: Female hypogonadism—2.5 
mg to 7.5 mg daily in divided doses for 20 days followed 
by 10 day rest period. If bleeding does not occur by the 
end of this period, the same dosage schedule is repeated. Female castration or primary ovarian failure—1.25 
mg daily, cyclically. Adjust upward or downward according to response of the patient. For maintenance, adjust 
dosage to lowest level that will provide effective control. 

Osteoporosis—0.625 mg daily. Administration should be cyclic (eg, three weeks on and one week off). 
PREMARIN® Brand of conjugated estrogens Vaginal Cream 
Given cyclically for short-term use only. For treatment of atrophic vaginitis or kraurosis vulvae. 

The lowest dose that will control symptoms should be chosen and medication should be discontinued as 
promptly as possible. 

Attempts to discontinue or taper medication should be made at three- to six-month intervals. 

Usual dosage range: 2 g to 4 g daily, intravaginally, depending on the severity of the condition. 

Patients with an intact uterus who are treated with either PREMARIN Tablets or Vaginal Cream should be 
monitored for signs of endometrial cancer and appropriate measures taken to rule out malignancy in the event 
of persistent or recurring abnormal vaginal bleeding. 

Revised August 21, 1989 


Reference: 1. Weiss NS, Ure CL, Ballard JH, et al: Decreased risk of fractures of the hip and lower 
forearm with postmenopausal use of estrogen. N Engi J Med 1980:303:1195-1198. 
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Author’s suggested reviewers.. When authors submit 
their manuscripts, they must provide the names and ad- 
dresses of at least three reviewers Or consideration by the 
Editors. 


in any medium that deals in any respect whatsoever with the ` 
same patients, same animals, same laboratory experiments, 
or same data, in part or in full, as those reported in the 
manuscript being submitted, two reprints of the article(s) 
or two copies of the manuscript, be it a full-length report or 
an abstract, must be submitted with the manuscript. Two 
copies of a new manuscript being prepared for possible 
publication also must be submitted. The author(s) should 
inform the Editor of the circumstances, similarities, and - 
differences of the reports. This requirement also applies to 


` the submission of a manuscript in which a few different 


patients, animals, laboratory experiments, or data were 
added to those reported in a previous publication or in a 
submitted or accepted manuscript. Articles previously pub- 
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Human and nonhuman experimentation. It is as- 
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requisite authority. Human experimentation that requires 
local institutional approval must have this approval befcre 
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lowed. The type of nonhuman animals or other species used 
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Authorship. For manuscripts with two or more authors, 
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and sufficiently in the study that is being performed and 
reported. The inclusion of each author in the authorship list 
of a report is based only (1) on substantial contributions to 
(al concept and design, or analysis and interpretation of 
data and (b) drafting the manuscript or revising it critically 


for important intellectual content; and (2) on final approval. 


by each author of the version of the manuscript. Conditions 
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and consultant activities, or patent-licensing situations. 
Such information is confidential, is not given to the con- 
sultants, and does not play a part in the decision of the 
quality or timeliness of the manuscript. If the manuscript 
is accepted, the author and the Editor will determine how 
best to release the information. The usual and customary 
listing of sources of support and institutional affiliations on 
the title page is proper and does not imply a conflict of 
interest; only where there is a possible conilict of interest is 
the author(s) expected to inform the Editor. 
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cles and communications herein are those of the author(s) 
and not necessarily those of the Editor(s) or Publisher, and 
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liability for such material. Neither the Editor(s) nor the 
Putlisher guarantees, warrants, or endorses any product or 
service advertised in this publication, nor do they guarantee 
any claim made by the manufacturer of such product or 
service, 
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The original and two good-quality photocopies of th2 
manuscript and three sets of black-and-white glossy prints 
of illustrations are required. See “Color figures” and Com- 
puter-generated figures” for special requirements. Manu- 
scripts must be submitted in English. 

Manuscripts must be typed double-spaced on one side 
only of 22 X 28 cm (8% X 11 inch) white bond paper with 
l-inch margins at top, bottom, and sides. Number pages 
consecutively in the upper right-hand corner in the follow- 
ing order: title page, condensation, abstract, body of text, 
acknowledgments, references, figure legends, and tables. 

Title page. The title page (page 1) should contain in 
sequence the title (concise and suitable for indexing pur- 
poses); author line with first name, middle initial, and las- 
name of each author and each author’s highest academic 
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degree (both MD and PhD are acceptable, but honors de- 


‘grees are not permitted); city(ies), state(s) in which the 


study was conducted; divisional, or departmental, and in- 
stitutional affiliations at the time the study was performed; 
source(s) of financial support; presented line, if applicable; 
disclaimers, if any; name, address, business and home tele- 
phone numbers, and fax number of author to whom requests 
for reprints should be addressed (if reprints will not be 
available, it should be so stated); and name, address, busi- 
ness and home telephone numbers, and fax number of au- 
thor responsible for correspondence concerning the manu- 
script if different from author to whom reprint requests are 
addressed. At the bottom of the title page supply a short 
title for the running head not exceeding 52 characters {in- 
cluding word spaces). 

Condensation. On page 2 of the manuscript provide a 
brief, concise condensation, typed double-spaced, that will 
appear with the title in publication of the Contents pages of 
the JOURNAL. It should be a single sentence, limited to a 
maximum of 25 words, delineating the essential point(s) 
made in the manuscript. l 

Abstract page including key words/phrases. On 
manuscript page 3, type the abstract, double-spaced, with 
the required margins and headed by the title of the article 
and name(s) of author(s). Below the abstract, list 3 to 5 key 
words or short phrases for indexing purposes. 

A structured abstract is required for certain types of 
articles and a standard abstract format is required for other 
types of articles; therefore the author(s) should select and 
prepare the appropriate abstract to be used in the submitted 
manuscript. This applies to both independently submitted 
and society manuscripts. 

Structured abstract. A structured abstract, limited to 
150 words, is to be used for regular articles, society articles, 
and Current Investigation articles; excluded are Clinical 
Opinion, Current Development, case report, and brief com- 
munication articles. The structured abstract is to contain 
the following major headings: Objective(s); Study Design; 
Results; and Conclusion{s}. The Objective(s) reflects the 
purpose of the study, that is, the hypothesis that is being 
tested. The Study Design should include the setting for the 
study, the subjects (number and type), the treatment or 
intervention, and the type of statistical analysis. The Re- 
sults include the outcome of the study and statistical sig- 
nificance if appropriate. The Conclusion(s) states the sig- 
nificance of the results. 

Standard abstract. The standard abstract format is re- 
quired for Clinical Opinion, Current Development, case 
report, and brief communication articles. The stancard ab- 
stracts for Clinical Opinion and Current Development ar- 
ticles are to be 50 to 150 words and standard abstracts for 
case reports and brief communications are limited to 50 
words. Even though the formal names of these four zypes of 
articles are not used, an author should determine his/her 
type of manuscript and prepare the appropriate standard 
abstract, regardless of whether it is to be submitted inde- 
pendently or as a part of a society’s transactions. 

Text. Do not hesitate to write your manuscript in the first 
person and active voice if they are more appropriate to the 
information you wish to convey. The passive voice is gen- 
erally more effective for describing <echniques or observa- 
tions, since the emphasis is on the “‘action” rather than on 
the person performing the action. 

Only standard abbreviations are to be used. Consult the 


Estimating length of manuscripts 


With the exception of Current Development articles, the length of text material (introduction 
through Comment section) in regular manuscripts accepted for publication normally ranges 
from 750 to 4200 words (an average of 2000 words). A text of 4200 words or more can seldom 
be accepted, especially if tables and figures are included. The average manuscript of 2000 words 


of text with abstract, 3 tables with captions, 2 figures with legends. and references makes a 
5.7-page article in the JOURNAL. The 2000 words of text alone makes approximately 8 pages 
of manuscript typed double-spaced with the required 1-inch margins (approximately 250 words 
per page). A table or figure that occupies both columns of half a JOURNAL page is equivalent ' 
to approximately 500 words in manuscript. Thus, if a greater number of illustrations and tables 
is used, the length of the text should be adjusted accordingly. 





Council of Biology Editors Style Manual or the AMA’s 
Manual of Style. Abbreviations in the title are not accept- 
able. They should be avoided, if possible, in the abstract. In 
the text they should be kept to a practical minimum. The 
full term for which an abbreviation stands should precede 
its first use in the text unless it is a standard unit of mea- 
surement, 

Either the generic, chemical, or proprietary names of 
drugs may be used. If the generic or chemical name is used, 
authors may, if they desire, insert the proprietary name in 
parentheses after the first mention in the text, with the name 
of the manufacturer and city and state. 

Regular articles are customarily organized into the 
following sections: an introduction and headings that 
identify Material and Methods, Results, and Comment. 
Authors may wish to summarize their findings in a short 
paragraph at the end of the Comment section. This format 
may not be appropriate for some types of articles. 

In the introduction, state concisely the purpose and 
rationale for the study and cite only the most pertinent 
references as background. 

In the Material and Methods section describe briefly 
(but in sufficient detail to permit other workers to repeat the 
study) the plan, the patients, experimental animals or other 
species, material, and controls, the methods and procedures 
utilized, and the statistical method(s) employed. 

In the Results section present the detailed findings. In- 
clude mentions of all tables and/or figures. Figures and 
tables should supplement, not duplicate, the text; presen- 
tation of data in either one or the other will suffice. Em- 
phasize only your important observations; do not compare 
your observations with those of others. Such comparisons 
and comments are reserved for the Comment section. 

In the Comment section state the importance and 
significance of your findings but do not repeat the details 
given in the Results section. Limit your opinions to those 
strictly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 
presented in this section. 

Acknowledgments. Acknowledge only persons who 
have made substantive contributions to the study. 

References. A reasonable number (25) is allowed, ex- 
cept in case reports and brief communications (limited to 2) 
and in manuscripts for the Current Development section 
(for which there is no limit). Number references consecu- 
tively in the order in which they are mentioned in the text. 
Use the format of the “Uniform Requirements for Manu- 
scripts Submitted to Biomedical Journals” (Vancouver 
style} (N Engl J Med 1991;324:424-8). Journal titles 
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should conform to abbreviations used in Cumulated Index 
Medicus. 


Examples (if six or fewer authors, list all; if seven or 
more authors, list three then et al.): 


JOURNAL: Flamm BL, Dunnett C, Fischermann E, Quil- 
ligan EJ. Vaginal delivery following cesarean section: use 
of oxytocin augmentation and epidural anesthesia with 
internal tocodynamic and internal fetal monitoring. AM 
J OBSTET GYNECOL 1984;148:759-63. 


Books: Ledger WJ. Dystocia and prolonged labor. In: 
Wilson JR, Carrington ER, eds. Obstetrics and gynecol- 
ogy. St. Louis: CV Mosby, 1987 vol 8:474-93. 


Personal communications and unpublished data, if 
essential, may be used but not as numbered references. If 
they are used, they are to be referred to, within parenthe- 
ses, at the appropriate location in the text. If used, the 
author(s) must obtain written and signed permission for 
their use from the individual being quoted. This signed 
permission must accompany the manuscript when it is 
submitted to the Editor. Published abstracts can be used as 
numbered references; however, reference to the complete 
published article is preferred. 

Figures. The term figure includes all types of illustra- 
tions such as graphs, diagrams, photographs, flow charts, 
and line drawings. A reasonable number of figures will be 
reproduced without charge, but special arrangements must 
be made with the Editors for color figures at an additional 
charge to the author. The quoted charge is per page of color, 
and as many as eight color figures can be included on one 
page if the color balance is appropriate. 

Figures must be cited consecutively in the text in Arabic 
numerals and identified with a gummed label on the back 
of the figure with author(s) name(s), title of article, figure 
number, and top marked clearly. Consistency in size within 
the article is strongly preferred. Any special instructions 
regarding sizing should be clearly noted. Do not use paper 
clips or mar the surface of figures in any way. Figures will 
be returned only on request by the author. 

For black-and-white figures, submit three sets of 3 x 4 
inch (minimum) to 5 X 7 inch (maximum) unmounted, 
glossy prints. All lettering must be done with commercially 
available paste-on letters (or numbers) or by a professional; 
typed or freehand lettering is not acceptable. All lettering 
must be in proportion to the drawing, graph, or photograph. 
Original drawings, appropriately done in black India ink, 
roentgenograms, and other material must be submitted 
as glossy prints with good black-and-white contrast. 


For color figures submit original transparencies and two 
sets of unmounted prints on glossy (smooth surface) paper. 


Polaroid prints are not acceptable. Color transparencies | 
must have-a color balance (consistency in lighting and film ` 


speed) that is acceptable to the author and Editors before 
acceptance for publication. Please note that 35 mm trans- 
parencies are enlarged to twice their original size. If it is 
important to deviate from this standard, please so indicate 


when the material is submitted. The top, first author’s last 
name, and figure number must be indicated on the fron: of . 


each transparency and the back of each print. 
Computer-generated figures must be legible and clearly 
printed in jet black ink on heavy coated paper with either 
a glossy or dull finish. Any patterns or shadings must be 
dark enough for reproduction and must be distinguishable 


from eachother. Lines, symbols, and letters should be both - 


smooth and complete. The legend should not appear on the 
figure. On the back of each figure the name of the first 
author and the figure number should be given and the top 
indicated. Three original individual laser or plotter prints 
are to be submitted unmounted with the manuscript. Laser 
prints should be full size at 300 dots per inch (DPI) or 
greater full-page resolution; multiple illustrations on a page 
cannot be accepted. Dot matrix prints and photographic 


halftones are not acceptable. Color figures are acceptable, | 


but special arrangements must be made with the Editers. 
The colors used must be dark enough and of sufficient 


contrast for reproduction. With the exception of fluorescent ` 


colors, all colors can be reproduced in four-color figures. The 
preparation and submitting of color prints should fol- 
low the preceding guidelines for black- and-white computer 
generated illustrations. 

Legends to figures. Legends for all figures must be 
typed together in numeric order double-spaced on one sheet 
of paper (or more if necessary) separate from the text of the 
manuscript. This page must be numbered in sequence after 
the references. Titles should be included in the legend, not 
on the print. Original magnifications should be provided. If 


a figure has been taken from copyrighted material,’ the : 


legend must give full credit to the original source. 
Tables. Tables should be typea on separate sheets of 
paper, one table to a page, and included at the end of the 
text. They should be numbered in Roman numerals. Each 
table must be cited in sequence at an appropriate point in 
the text. Titles should be brief yet indicate clearly the pur- 
pose or content:of each table, and each column should be 
precisely defined by headings. Abbreviations and spec:al 
designations should be explained in a footnote to the table. 
If a table or any part thereof has been taken from cory- 
righted material, a footnote to the table must give full credit 
to the original source. Arrangements must be made with tae 
Editors for elaborate tables because of space limitations. 
Permissions. Direct quotations, tables, or figures that 


have appeared in copyrighted material must be accompa- | 


nied by written permission for their use from the copyright 
owner and original author along with complete referense 
information. Photographs of identifiable persons must be 


accompanied by signed releases. If not, all recognizable 


features must be masked. 
Requirements for certain types of manuscripts 


Case reports and brief clinical and basic science. 


communications. Limit of 700 words, 2 references, In- 
clude standard abstract format, of 50 words maximum, 3 <0 
5 key words/phrases for indexing purposes, and short title. 
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If tables and/or figures are used, an equivalent number of 
words must be deducted from the total (see “Estimating 
Length of Manuscript”). 

Current Investigation. Same requirements as for reg- 
ular article. The abstract must follow the structured for- 
mat. 

Clinical Opinion. Limit of 3000 words. Include stan- 
dard abstract format of 50 to 150 words, 3 to 5 key words/ 
phrases, and short title. Submit to Dr. Zuspan. 

Current Development. Limit of 6000 words. Include 
standard abstract format of 50 to 150 words, 3 to 5 key 
words/phrases, and short title. Submit to Dr. Zuspan. 
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Resident attrition in obstetrics and gynecology 


Vicki L. Seltzer, MD,’ Robert H. Messer, MD,” and R. DeAnne Nehra‘ 


Jamaica, New York, Lubbock, Texas, and Washington, D.C. 


OBJECTIVE: Our goal was to determine the rate of attrition from obstetrics and gynecology residency 


programs. 


STUDY DESIGN: The Council on Resident Education in Obstetrics and Gynecology sent questionnaires to 
all 295 obstetrics and gynecology residency program directors in the United States and Canada. These 
programs represent 4306 postgraduate-year 1 through 4 (or 5) resident positions each year. The program 
directors were asked the number of residents who left voluntarily or were dismissed in a 2-year period and 


the reasons they left. 


RESULTS: In a 2-year period 299 residents left or were dismissed (6.94% over 2 years, or 3.47% per 
year). Only 88 (1% per year) left specifically because they decided they preferred a different discipline. 
CONCLUSION: The rate of attrition from obstetrics and gynecology ER programs is not excessively 


high. (Am J Osster GYNECOL 1992;166:1315-7.) 


Key words: Resident education, resident dismissal, resident attrition 


In the 1990 National Residents’ Matching Program, 
obstetrics and gynecology was the most popular of the 
six major specialties. The Program filled 86% of the 
obstetrics and gynecology positions with U.S. medical 
school seniors on the first round of the match, com- 
pared with 67% for general surgery, 63% for pediatrics, 
and 61% for internal medicine. When the Program was 
. completed only 3% of obstetrics and gynecology posi- 
tions were vacant, compared with 21% for internal 
medicine and 30% for family practice. 

Of the 1044 postgraduate year ] positions for ob- 
stetrics and gynecology residencies starting in 1990 en- 
tered through the Program, 925 were filled with U.S. 
medical school seniors, 51 with U.S. medical school 
graduates who did not go immediately into obstetrics 
and gynecology, 4 with Fifth Pathway students, 8 with 
U.S. foreign medical school graduates, 25 with alien 
foreign medical graduates, 30 with doctors of osteop- 
athy, and 1 with a Canadian medical school graduate. 
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In addition, approximately 100 positions were filled 
outside the match, 60 from armed forces programs. In 
1990 there were approximately 170 senior American 
medical students who wanted obstetrics and gynecology 
as their specialty but were not matched with a position; 
in 1989 there were 80 and in 1988 52. 

There are more American medical school graduates 
interested in careers in obstetrics and gynecology than 
there are positions, and there is concern that there will 
be increasing shortages of obstetrician-gynecologists in 
several regions of the country’; therefore, it is impor- 


‘tant to assess whether the medical students who obtain 


residency positions in our discipline actually complete 
the residency or whether there is an excessive attrition 
rate. 

The Council on Resident Education in Obstetrics and 
Gynecology therefore decided to determine the attri- 
tion rate and cause in our residency programs. 


Material and methods 


At the request of the Council on Resident Education 
in Obstetrics and Gynecology (CREOG), in 1989 one 
of the authors (R.M.) sent a survey to each of the 295 
obstetrics and gynecology residency program directors 
in the United States and Canada asking how many 
residents were currently in their programs, how many 
had left during the past 2 years, and the reason the 
residents left. These data were tabulated by the CREOG 
office. 
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Table I. Reasons for leaving obstetrics and 
gynecology residencies during a 2-year period 


Reason No. 
Training in another specialty . 83 
Training in another obstetrics and gynecology 62 

residency program 

Dismissal from program 53 
Spouse relocation 4) 
Miscellaneous 51 
TOTAL 293 


Table II. Number of residents leaving a 
program during a 2-year period 


No. of No. of 
residents leaving programs 


Total residents 


leaving 
0 109 0 
l 87 87 
2 40 80 
3 20 60 
4 9 36 
5 6 30 
6 l 6 
TOTAL 299 


Results 


Of the 295 surveys sent, 265 replies were received 
(90% response rate) from program directors respon- 
sible for 4306 postgraduate year 1 to postgraduate vear 
4 (or 5) residents per year. On the 265 replies, 117 were 
from obstetrics and gynecology residency programs 
within medical schools, 114 from programs affiliated 
with medical schools, and 34 from institutions with no 
relationship to a medical school. 

During the 2-year period for which data were re- 
quested, 299 residents left. Table 1 indicates the reasons 
residents left obstetrics and gynecology programs. 
Fighty-eight residents left to train in another specialty, 
. choosing a variety of fields including pediatrics, inter- 
nal medicine, family practice, anesthesia, psychiatry, 
radiation therapy, and surgery. Reasons cited for these 
changes to other disciplines included stress, demanding 
work hours, inability to fulfill commitment, unsuitable 
personality, and disenchantment with the specialtv. 

Sixty-two residents left to train in other obstetrics and 
gynecology residencies. Of those residents, 35 were 
originally from university programs, 16 from medical 
school—affiliated programs, and 11 from programs not 
affiliated with a medical school. 

Fifty-eight residents were dismissed and 40 residents 
left their programs because of spouse relocation. The 
51 residents who left for miscellaneous reasons, cited 
issues such as finances, personal illness, family illness, 
and drug use. In five instances residents left their pro- 
grams because of issues relating to maternity or child 
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care. We do not know whether residents who left be- 
cause of spouse relocation, miscellaneous reasons, or 
dismissal ultimately reentered obstetrics and gynecol- 
ogy programs or residency programs in other disci- 
plines or did not reenter residencies at all. 

Table II indicates the number of residen:s leaving 
each institution. Nine programs each had 4 residents 
leave the program. Three of these 9 programs each 
had only 8 residents, 1 had 10 residents, 2 had 16, 1 
had 20, 1 had 21, and 1 had 44 residents. Six programs 
each had 5 residents leaving the program. One of these 
programs had 8 residents, 1 had 10, 1 had 11, 1-had 
12, and the other 2 had 24 residents each. One 13- 
resident program had 6 leave. 


Comment 


There is a growing concern that there will continue 
to be an increasing shortage of obstetricians and gy- 
necologists to meet the health care needs of American 
women.’ Therefore it is important that medical stu- 
dents are carefully counseled in career decisions by 
informed members of their medical schools. In addi- 
tion to the internal resources of individual departments 
and medical schools, more formal programs for career 
specialty decisions may be available. One such program 
known to us is the Glaxo pathway evaluation program, 
which helps students to identify their personal and ca- 
reer goals. In addition to the guidance given to students 
by their medical schools, the residency selection process 
should make certain that those individuals selected will 
have the motivation and capability. to complete the res- 
idency program and meet the health care, education, 
and research needs of our discipline. 

Ninety percent of programs surveyed by the Council 
responded, reporting that 299 residents left their pro- 
grams in a 2-year period (3.47% per year). Only 88 
residents left programs specifically because they wished 
to train in another specialty (1% per year). This suggests 
that medical school departments of obstetrics and gy- 
necology are providing appropriate counseling and ex- 
posure so that the medical students have a reasonable 
appreciation of the discipline and what the demands 
and rewards of a residency in this field entail. Sixty- 
two residents (0.72% per year) left to train in other | 
obstetrics and gynecology residencies. In many in- 
stances there were several residents leaving the same 
program but continuing training in the field. Our sur- 
vey was not detailed enough to enable us to evaluate 
why this occurred, but it is likely that in some instances 
there may have been sudden disruptions in a program. 
In 40 instances (0.46% per year) residents left programs 
because of spouse relocation. This is a surprisingly 
small percentage given the numbers of residents who 
have spouses with careers and the forced mobility this 
sometimes entails. Also of note is that only five instances 
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were reported in a 2-year period in which residents left 
because of issues relating to maternity or child care. 


Because approximately 47% of obstetrics and gynecol- , 


ogy residents are women and almost 50% of married 
female residents become pregnant during their resi- 
dency,” this is a very small number. 


Fifty-eight residents (0.67%) were dismissed. Pro- i 


gram directors and residency selection committees are 
continually refining their selection processes in an at- 
tempt to select the most promising residents. In spite 
of strict selection criteria it is often difficult to identify 
the types of problems that ultimately lead to resident 
dismissal. 

In conclusion we feel that 3.47% per year attrition 
from our programs is not excessive, particularly be- 
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cause many of these residents are not leaving the dis- 
cipline .of obstetrics and gynecology, but rather are 
changing from one program to another. However, we 


` should continue to reevaluate and refine student career 


counseling and resident selection processes to keep res- 
ident attrition from our discipline and residency pro- 
grams at a low rate. . 
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Repeated fetal losses associated with antiphospholipid 
antibodies: A collaborative randomized trial comparing 
prednisone with low-dose heparin treatment 


F. Susan Cowchock, MD,» E. Albert Reece, MD,° Donald Balaban, MD, 


D. Ware Branch, MD, and L. Plouffe, MD* 


Philadelphia, Pennsylvania, New Haven, Connecticut, Salt Lake City, Utah, and Augusta, Georgia 


OBJECTIVE: We attempted to compare the use of low-dcse heparin with a standard dose of 40 mg 
prednisone daily (both plus low-dose aspirin) for treatment of pregnant women with antiphospholipid 
antibody—associated recurrent fetal loss with respect to maternal and perinatal morbidity and efficacy in 


prevention of fetal death. 


STUDY DESIGN: A multicenter randomized trial included 20 patients. Generalizability of results from 
randomized patients was evaluated by means of additional data from 13 women refusing and 12 women 
ineligible for randomization. Data from study groups were compared with Fisher's exact test, and 


generalizability was evaluated with a y* test for trend. 


RESULTS: Live birth rates were the same (75%) with eithar treatment, but “serious” maternal morbidity 
and the frequency of preterm delivery were significantly higher among women randomly assigned to 
prednisone (p = 0.02 vs p = 0.006}. Preterm delivery among prednisone-treated women was usually 
associated with premature rupture of the membranes or preeclampsia. These results could be generalizad 
to the other groups of women ascertained during the course of the study. 

CONCLUSIONS: Low-dose heparin should be preferred tc prednisone when treatment is indicated for 
high-risk pregnant women with antiphospholipid antibodies. (Am J OBsteT GYNECOL 1992:166:1318-23.) 


Key words: Heparin, prednisone, antiphospholipic antibodies 


The term antiphospholipid antibodies refers ta a 
broad group of autoantibodies including both lupus 
anticoagulants and antibodies to cardiolipin. Anti- 
phospholipid antibodies have been associated witk a 
history of fetal loss and thrombosis in women with or 
without systemic lupus erythematosus.’” The predict-ve 
value of antiphospholipid antibody tests for fetal dezth 
or thrombosis in varied groups of women, with or with- 
out a history of fetal loss or treatment, ranges from 
48% to 76%.**7 When antiphospholipid antibodies zre 
present, continuing pregnancies may be complicated 
by thrombosis, preeclampsia, fetal distress, preterm ce- 
livery, or low birth weight.* 7° Successful treatment of 
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such pregnancies with 40 to 60 mg prednisone and 80 
mg aspirin daily was first reported by Lubbe et al.” in 
1983. Rates of live births with treatment, usually aspirin 
and prednisone, have averaged 60% to 76%.*® 

The morbidity associated with prednisone treatment 
led to consideration of anticoagulation with heparin to 
prevent both thrombosis and fetal death in affected 
pregnancies. The rationale for zhe use of heparin was 
the observation of infarction in placentas of affected 
pregnancies and reports that lupus anticoagulants may 
interfere with the activation of protein C by thrombin 
bound to thrombomodulin."’ Heparin may compensate 
for deficient levels of protein C(a), or activated protein 
C, which inactivates clotting factors Va and VIIa. Hep- 
arin was given in anticoagulant doses without aspirin, 
or in prophylactic doses with low-dose aspirin, in both 
individual case reports and in the first published series 
of cases.'* 3 Rates of live births in the latter were equal 
to those reported for prednisone-treated women, but 
both series included some women with only one pre- 
vious fetal death. Only women with histories oz at least 
two prior fetal losses associated with a confirmed di- 
agnosis of antiphospholipid antibodies were included 
in this prospective study. We compared pregnancy out- 
comes after treatment with aspirin plus either pred- 
nisone or prophylactic doses of keparin in the first col- 
laborative trial of therapies for effected women. 
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Material and ‘methods ae 

Eligibility criteria and randomization. All subjects 
had two or more prior unexplained fetal losses. The 
diagnosis of an antiphospholipid antibody requiréd two 
or more positive tests (lupus anticoagulant or anticar- 
diolipin antibodies) over at least a 6-week period. Other 
accepted causes for recurrent miscarriage or fetal death 


‘were excluded. Randomization was performed cen- ' 


trally with a computer-generated sequence of random 
numbers after pregnancy was confirmed. Written con- 
sent, approved by institutional review boards at each 
investigating center, was obtained from every partici- 
pant. Women were excluded from randomized treat- 
ment assignment when a relative contraindication or 
indication for the use of one of the treatment drugs 
was documented. Twelve women were ineligible be- 


cause of a history of diabetes (n = 2), a history of | 


thrombosis outside of pregnancy (n = 2), current treat- 
ment with prednisone for another indication fn = 3), 
-~ previous fetal loss with one of the treatments (three of 
four were previously treated with prednisone), or 
thrombocytopenia (n = 1). An additional 13 women 
refused randomized treatment assignment. Data from 
patients not randomly assigned to a treatment were 
- collected during the course of the study to investigate 
possible selection bias and generalizability of results 
from randomly treated: women. 

Treatment protocols. Aspirin (80 mg daily) was pre- 
scribed for all patients.and given throughout preg- 
nancy. Prednisone was given as soon as pregnancy was 
confirmed, in divided doses of 20 mg every 12 hours. 


Prednisone doses were.lowered in two cases to improve - 


control of insulin-dependent diabetes in the third 
trimester.. Heparin was initiated ata dose of 10,000 U 
` self-administered subcutaneously every 12 hours. as 
soon as a potentially viable pregnancy was documented 
by ultrasonography (6.5 to 8 weeks). Subsequent doses 
were adjusted downward by 2000 U until a midinterval 
activated partial thromboplastin time was within the 
- normal range or similar to prolonged baseline values. 


The mean daily dosé was 17,000 U, similar to dosages - 


for pregnant women on the basis of measurement of 
the activation of factor X.” Two women in the heparin 


treatment group miscarried before ultrasonographic ` 


documentation of pregnancy viability and therefore 


were not treated. Heparin treatment was not begun | 


until ectopic pregnancy could be excluded by ultraso- 
nography. All women given heparin were also given 
vitamin D.(600 to 800 U) and calcium carbonate (4 gm). 
‘Similar supplementation was not advised for women 


- receiving prednisone because corticoster oids primarily 


affect bone collagen matrix. 

Data collection and statistical analysis. Patients 
came from seven participating centers. The study was 
initiated in March 1988 and continued through Sep- 
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tember 1990. Enrollment data included obstetric and 
. medical histories, and the results of a complete blood 
count, creatinine, antinuclear antibody titer, levels of 
’ serum complement, and antiphospholipid antibody test 
“results. The American Rheumatism Association criteria 


were used for the diagnosis of systemic lupus erythe- 
matosus.'® : 

Enzyme-linked immunosorption assays for immuno- 
globulin M and immunoglobulin G class anticardiolipin 
antibodies were performed at collaborating institutions 
and repeated on at least one aliquot of serum in a 
central laboratory according to a previously described 
method.” Positive results were confirmed if the value 
after subtraction of nonspecific binding fell:at or above 
2 multiples of the median for a normal obstetric pop- 
ulation. These cutoff values were equivalent to >30 


‘GPL (IgG phospholipid units) and >11 MPL (IgM 


phospholipid units) units using commercially available 
kits (REAADS Medical Products, Inc., and Kallestad 
Diagnostics Inc.). All patients had anticardiolipin an- 


.tibody levels equivalent to or higher than. the midpo- 


sitive range of Harris et al. Tests for lupus anticoag- 
ulants included activated partial thromboplastin time 
(45% of cases) or dilute Russell viper venom time per- 


formed on a fresh or fresh-frozen plasma sample in a 
-central laboratory.’ Abnormal coagulation times (2 SD 


above the mean) were confirmed by 1:1 dilution of the 
sample with fresh-frozen plasma to exclude clotting 
factor deficiencies. 

Outcome data ‘included medical and obstetric com- 
plications. Fetal distress was diagnosed on the basis of 
nonreassuring fetal heart rate monitoring with or with- 


' out abnormal ultrasonographic findings (biophysical 


profile). Deliveries before 37 completed postmenstrual 
weeks were considered preterm. Low birth weight was 
defined as birth weight below the 10th percentile for 


_ gestational age. We excluded the following complica- 


tions unrelated to antiphospholipid antibodies or treat- 
ment from analysis: two fetal losses (one in patient with 
incompetent cervix given heparin and one with fetal 
aneuploidy given prednisone) and two elective preterm 
deliveries in the heparin group (single cases of discor- 


dant twins and placenta previa). 


Maternal morbidity was tabulated for those who com- 
pleted at least 6 weeks of treatment. Morbidity was 
classified as minor {problems such as thrush or transient 
nose bleeds), manageable (problems requiring treat- 
ment such as gestational diabetes), or serious (poten- 


tially life- -threatening or with permanent sequelae such 


as maternal preeclampsia with both hypertension and 
proteinuria and one case of posterior capsular cata- 
racts).’ 5 

Statistical analyses. Differences in rates and means 
between groups were compared with Fisher’s exact test 
(two-tailed) and a standard ¢ test. Generalizability of 
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Table I. Comparison of study patients (V = 20) by treatment group 


Characteristic (n = 12) (n = &; 

Obstetric history 

Mean No. of spontaneous abortions 2.8 2.9 

No. with at least 1 or =2 losses after 12 wk 6/12 (50%) 3/8 (38%) 

=3 Abortions, all before 12 wk 3/12 (25%) 3/8 (38%) 

2 Abortions before 12 wk* 3/12 (25%) 2/8 (25%) 

Uncomplicated live birth without treatment withir. previous 5 yr 0/12 0/8 
“Antiphospholipid antibodies 

Lupus anticoagulant present 4/12 (33%) 3/8 (389) 

IgM anticardiolipin antibody only 2/12 (17%) 1/8 (13%) 

Live births in prospectively treated pregnancy 9/12 (75%) 6/8 (75%) 

6/9 (67%) 4/6 (67%) 


Live births excluding those with just two abortions before 12 wk 


Fetal deaths after 12 wk 


1/12 (8%) 2/8 (25%) 





*Only one woman in whom antiphospholipid antibodies were restricted to IgM class anticardiolipin antibody binding was among 


those with a history of just two miscarriages before 12 we2ks. 


results from study patients to the other groups of 
women was tested with a x° test for trend. The likeli- 
hood of a false-negative error and power analysis for 
sample sizes were calculated with published tables and 
nomograms.**?} 

Previous studies suggested that the rate of live birzhs 
would be approximately 50% for heparin-treated 
women if treatment were ineffective. The study was 
centinued until statistically significant differences 
in maternal or fetal morbidity or mortality with 
either treatment were evident on yearly interim data 
analysis. 


Results 


Interim analysis of pregnancy outcomes for 20 
women who were eligible for and accepted random 
assignment tc one of the treatments by the end of the 
second study year is reported here. Equal numbers of 
women were not assigned to each treatment at this point 
because allocation was to be balanced when the tctal 
reached 50. Obstetric histories, pertinent laboratory 
studies, and pregnancy outcomes after treatment are 
summarized in Table I. Women randomly assigned to 
a treatment had two to four (mean of three) sequenzial 
previous abortions. Most (15/20) had at least one fetal 
death after 12 weeks or had had three or more spon- 
taneous abortions in the first trimester. None had his- 
teric or laboratory findings satisfying three or more of 
the American Rheumatism Association criteria for zhe 
d:agnosis of systemic lupus erythematosus or an un- 
complicated live birth without treatment in the 5 years 
before the treated pregnancy. Treatment groups were 
similar with respect to medical and obstetric histories 
and laboratory results (p = 0.7 to 1.0). The frequency 
of live birth after treatment was 75% in each group. 
The 95% confidence intervals for these figures were 
43% to 95% (heparin group) and 35% to 97% (pred- 
nisone group). Live birth rates are also shown after 
exclusion of women with just two first-trimester mis- 


carriages. This number of randomly assigned patients 
did not have the power (alpha = 0.05, beta = 0.80) to 
exclude a 50% difference with respect to rates of live 
births. . 

In contrast to the similar live birth rates in the two 
treatment groups, women randomly assigned to pred- 
nisone were significantly more likely to be delivered 
preterm (6/6 vs.2/8, p = 0.006). Preterm delivery was 
associated with premature rupture of the membranes 
(3/6 vs 0.9, p = 0.04) or preeclampsia (Table II). Pre- 
term delivery was an important problem for infants of 
prednisone-treated women; on average they were de- 
livered 5 weeks earlier than those in the heparin group 
(mean of 32 vs 37 postmenstrual weeks, p = 0.05). 

Maternal morbidity is also shown in Table II for all 
women treated for at least 6 weeks, including three 
whose pregnancies ended in fetal death. In contrast to 
those treated with ‘heparin, women given prednisone 
were significantly more likely to have a seridus com- 
plication (preeclampsia and one case of posterior cap- 
sular cataracts) (p = 0.02) and often had more than 
one complication. 

Selection bias among randomized women was eval- 
uated by comparing study women with women ascer- 
tained during the course of the study who refused or 
were not eligible for randomization (Table II). The 
eligibility criteria tended to exclude women with sys- 
temic lupus erythematosus or “lupus-like” disorders. 
Thus women not eligible for randomized assignment 
because of thrombocytopenia or concurrent treatment 
with prednisone were more likely to have at least three 
criteria for the diagnosis of systemic lupus erythema- 
tosus (p = 0.01, compared with randomized women). 
All women with a history ofa fecal death with treatment 
(usually prednisone) were also assigned to this group. 
For these reasons ineligible women were probably at 
higher prior risk for fetal death than the study group. 
Eligible women refusing randomization were more 
likely to have an uncomplicated live birth within the 
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Table II. Obstetric and medical complications among women with live births (n = 


Antiphospholipid treatment in pregnancy 1321 


15) or fetal death after 


12 weeks (n = 3) who were treated with prednisone or heparin 


p Value 


Obstetric 
No. 6 9 
Preterm delivery 6/6 2/8* 0.006 
Premature rupture of membranes 3/6 0/9 0.04 
Mean week at delivery 32 37 0.05 
Maternal 
No. 8 10 
Minor 
Thrush 2/8 
Bleedingt 2/10 
Superficial thrombosis 1/10 
1.0 
Manageable P 
Diabetes 3/8 1/10 0.3 
Serious 
Preeclampsia 3/8 0/10 0.02 
Cataracts 1/8 
Any maternal morbidity 6/8 (75%) 4/10 (40%) 0.2 


*Case of discordant twins was excluded from calculation. 


tNosebleeds (n = 1) and postpartum vaginal bleeding {z = 1); neither required treatment. 


preceding 5 years (p = 0.05). Therefore they may have 
been at lower prior risk for fetal death than the study 
group. In spite of these potentially important differ- 
ences in medical and obstetric histories, women who 
refused and ineligible women had rates of live births 
(69% and 67% respectively) similar to those of the ran- 
domized group. The overall rate of live births for 
women with only two first-trimester miscarriages 
treated with either heparin or prednisone was 92% 
(11/12, 95% confidence interval 62% to 100%). How- 
ever, this improvement was not statistically significant 
compared with the overall rate for those with more 
(11/12 vs 21/33, p = 0.13). 

The generalizability of our observations was evalu- 
ated by comparing outcome data from all groups with 
those from randomized women with respect to treat- 
ment (Table IV). There was no trend (p = 0.8) to a 
difference in rates of live births when prednisone- 
treated women were compared with those treated with 
heparin across all groups. The rate of live births for all 
groups of prednisone-treated women was 68% (13/ 19, 
95% confidence interval 43% to 87%). The rate of live 
births for all groups of heparin-treated women was 73% 
(19/26, 95% confidence interval 52% to 88%). This 
generalized comparison of live-birth rates had the 
power (alpha = 0.05, beta = 0.80) to exclude a differ- 
ence of =35% between all women given one of these 
treatments with respect to live births. Live-birth rates 
with either treatment were therefore 70% + 25%. 
However, fetal deaths after 12 postmenstrual weeks 
tended to occur more frequently among prednisone- 
treated women (p = 0.15). The increased risk for pre- 
term delivery, in association with premature rupture of 
the membranes and preeclampsia, observed among 


women andomi assigned to treatment with predni- 
sone could be generalized with a high degree of con- 
fidence to prednisone-treated groups of women who 
may have been at different prior risk for fetal death. 


Comment 

We compared pregnaricy outcomes for groups of 
women with antiphospholipid antibodies and repeated 
pregnancy losses treated with 80 mg aspirin daily and 
either standard therapy (40 mg prednisone daily) or 
adjusted low-dose heparin. Interim analysis of the data 
did not demonstrate a statistically significant difference 
between these treatments with respect to the likelihood 
of a live birth or fetal death: The similarity between 
prednisone- and heparin-treated women in this respect 
could be generalized to all such women prospectively 
ascertained and treated by one of the investigators dur- 
ing this study. Using data from all treated women, we 
could exclude a 35% difference in live-birth rates be- 
tween women treated with heparin and those receiving 
prednisone. For both heparin- and prednisone-treated 
women the live-birth rate was therefore 70% + 
25%. 

However, significantly higher rates of preterm deliv- 
ery, associated with premature rupture of the mem- 
branes and serious maternal morbidity (usually pre- 
eclampsia), were observed for randomized women 
treated with prednisone. These could also be gener- 
alized to the other groups of women. Premature rup- 
ture of the membranes in prednisone-treated patients 
may be due to glucocorticoid effects on collagen or may 
reflect an increased prevalence of subclinical amnio- 
nitis. Lubbe and Liggins” also noted that premature 
rupture of the membranes occurred in all pregnancies 
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Table III. Comparison of women agreeing to randomized assignment with these refusing or ineligible 
for randomization 


! : Randomized Refused pValue ` | Ineligible 
Characteristic. _ (n = 20) (n = 13) (RIR) (n = 12) 
gg 29 0.7 3.2 





Mean No. of abortions. — i i ) 0.5 
: 21 Loss after 12 wk SO 9/20 ~ “5/18 1.0 | 9/12 0.15 ` 

=3 Abortions before 12 wk 6/20 4/13. 1.0 | 0/12 0.06 

2 Abortions before 12 wk, 5/20 4/13 1.0 ` 3712 : 1.0 

Uncomplicated live birth within ; 0/20. 3/13 0.05 = 2712 7 0.1 
Byr i : . 

Lupus anticoagulant present : 7/20 ` 1/13 0.1 -  478* 0.6 

IgM anticardiolipin antibody 5/20 5/12 0.4 Brie 0.7 
only ae Os | 

=3 Criteria for systemic lupus ` 0/20 | 2/13: 0.4 4712 0.01 
erythematosus ' i | 

Live births in treated pregnancy 15/20 9/13 1.0 8/12 _ 0.7 

Live births in treated pregnancy , ` ‘10/15 6/9 1.0 579 0.7 


excluding those with just 2 
abortions before 12 wk : 

Fetal death after 12 wk.in 3/20 1/13 1.0 1/12 1.0 
treated pregnancy: ' 


p (RIR) value, From two-tailed Fisher's exact test comparing refused group with randomized group. p (I/R) value, From two- 
tailed Fisher’s exact test comparing ineligible group with randomized group. : 


*Results from women currently treated with prednisone for other indications could not be interpreted. 


i 


Table IV. Comparison of frequency of live births, fetal deaths after 12 weeks, obstetric complications, and 
maternal morbidity, among women randomly assigned to prednisone or heparin with frequency among 
treated women refusing or ineligible for randomized treatment assignment ` 


| Prednisone Heparin | Prednisone Heparin || Prednisone Heparin Prednisone | Heparin 
| (n= 8) (n = 12) | (m= 3) (n = 10) (n = 8) (n = 4) (n = 19) | (n = 26) 











p 
Prednisone Value 


Live births 6/8 - 9/12 2/3 7/10` 5/8 3/4 13/19 19/26 0.8 

Fetal deaths after " AB 1/12 173 0/10 ° 1/8 G/4 4/19 1426 0.15 
12 wk ; i , 

Preterm delivery ! 6/6 ` ` 2/8* Zhe 0/6* 2/5 0/3 10/13 2/17* 0.0002 

Premature rupture of 3/6 0/9 0/2 0/6. 3/54 0/3: 6/13 0/19 0.006 
membranes aS 


Serious maternal 4/8 < 0/10 2/3 0/6 1/6 1/3 Rar 1/19 0.01 
morbidity (pre- i i : 
eclampsia + case 
of cataracts) 
Frequency of preterm delivery and premature rupture of membranes was. calculated for live births; frequency of maternal 
morbidity was calculated for all women with pregnancies continuing after 12 postmenstrual weeks. p Value (two tailed) from x’ 
test for trend across groups for prednisone compared with heparin treatment. l 


*Two pregnancies that were electively delivered preterm because of placenta previa and discordant zwins were excluded from 
calculations. i i 


+One woman with premature rupture of membranes at 36 weeks was delivered'at term. - 


of corticosteroid-treated women, unless they were de- could be due simply to the low frequency of these com- 
livered preterm for another indication. Preterm deliv- plications or it could reflect the use of low doses to- 
ery in a study of renal transplant patients (generally „gether with prophylactic low-dose aspirin (thrombo- - 
treated with doses of prednisone in the range of 0.2. — cytopenia) and supplemental calcium and vitamin D 
mg/kg/day) was partially attributed to abnormal renal ` (osteopenia). E | 

: function, but the incidence of premature rupture of  — , From our interim data analysis further pursuit of a 
the membranes was also higher than expected.” In con- possible significant difference in live-birth rates would 
trast to these observations, no serious morbidity was require that at least 100 women be randomly assigned 
observed among groups’ of heparin-treated women. - to either heparin or prednisone treatment, because any 
The absence of heparin-associated thrombocytopenia difference in this respect between groups was probably 


or osteoporotic fractures in heparin-treated women - <=25%. Continued evaluation of groups ‘of randomly 
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treated women with live-birth rates in the range of 70% 


for a difference of this size did not appear to be justified 
` because of the statistically significant and clinically im- 
portant risks ,associated in this study with prednisone 
treatment. Analysis of the data collected suggested to 


us that low-dose heparin would be the best choice when, 


treatment is indicated for high-risk pregnant women 
with antiphospholipid antibodies. Lockshin et al.” also 


concluded that prednisone (usually given in lower . 


. doses) did not improve live-birth rates in their series of 
cases. We did not compare these treatments with aspirin 
or placebo because the group of women studied were 
those considered to be at high risk for both fetal loss 
and puerperal thrombosis. Furthermore, it would be 
difficult to blind randomly assigned women to the 
physical effects associated with corticosteroid treat- 
ment. Future trials might compare the efficacy of hep- 
arin or aspirin with placebo or usual care of women 
whose medical or obstetric history suggests that they 
are at low risk for these serious complications. Those 
at low risk may include women with just two miscar- 
riages before 12 weeks and no ‘history of thrombosis. 
The live-birth rate for 12 such women treated with 
` either heparin or prednisone was 92% (95% confidence 
limits 62% to 100%). Other pregnancy outcome param- 
eters such as the frequency of preeclampsia, preterm 
delivery, and birth weight could be used as surrogate 
measures of treatment efficacy. 
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Necrotizing fasciitis of the vulva 


Hale Stephenson, MD, Deborah J. Dotters, MD, Vern Katz, MD, and 


William Droegemueller, MD 
Chapel Hill, North Carolina 


OBJECTIVE: We attempted to characterize the natural history of necrotizing fasciitis of the vulva. 
STUDY DESIGN: The records of 29 nonpregnant women with necrotizing fasciitis of the vulva were 


evaluated. 


RESULTS: These women experienced a rapidly progressing polymicrobial infection. Initially, the infections 
in many women were thought to be .abial cellulitis, appear ng mild and innocuous. Delays in recognition 
and aggressive surgical management were associated with increased morbidity and mortality. Of 15 
women with a delay >48 hours between presentation and treatment, 11 died. Twenty of 29 (69%) were 


diabetic, accounting for 11 of the 14 deaths. 


CONCLUSION: Early diagnosis and aggressive surgical debridement in spite of mild symptoms will 
improve outcome in this serious disease process. (AM J OsasTeT GyneceL 1992;166:1324-7.) 


Key words: Necrotizing fasciitis, diabetes, surgical debridement 


Necrotizing fasciitis of the vulva is a surgical emer- 
gency." ‘This disease: may present as an innocucus- 
appearing labial pustule, and this superficial appear- 
ance may mask the underlying pathologic condition. 
The infection is polymicrobial and treatment is wide 
excision of infected tissue." Since the first descriptions 
of the disease 100 years ago, authors have called atten- 
tion to the need for aggressive surgical therapy. This 
report describes our clinical expenenee over an 8-year 
Bee 


Material and methods 

We reviewed the medical records of female patients 
with cellulitis, necrotizing fasciitis, and soft tissue in- 
fections of the vulva or the lower abdomen. Twenty- 
rine patients were examined at North Carolina Me- 
rmorial Hospital and at Wake Medical Center, during 
the period January 1983 to January 1990. Included in 
this study were patients with evidence of primary in- 
fection and necrosis of the soft tissue of the exter nal 
genitalia. Patients with postoperative wound infections, 
puerperal infections, or perirectal infections were ex- 
cluded. Patients with inflammatory bowel disease, ma- 
lignancy, or previous radiation also were excluded. 
These exclusions were made to focus on necrotizing 
fasciitis of vulvar origin, unrelated to other genital dis- 
ease processes. 
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Results 


The median age of the 29 patients was 59 years, with 
a range from 28 to 74 years. Fifteen patients had evi- 
dence of hypertension or peripheral vascular disease, 
8 had chronic renal insufficiency, and 20 were morbidly 
obese (>50% above ideal body weight). Twenty-four 
patients were black and 5 were white. Hospital stay 
ranged from <24 hours to 166 days. Fourteen of 29 
patients (48%) died. Table I summarizes the charac- 
teristics and clinical course of tkese patients. Initial pre- 
sentations varied considerably from chief complaints of 
mild perineal pain to coma. Seventeen of 29 presented 
with temperatures >38° C. Two had hyperthermia with 
temperatures of 36.8° and 35.6° C, respectively. White 
blood cell counts were >13,009/mm° in 18 patients. 

Twenty patients were diabetic, and 19 of these had 
abnormal glucose levels on admission. Sixteen pre- 
sented with blood glucose levels >250 mg/dl. One 
woman was referred with an intravenous imsulin in- 
fusion. One patient presented in diabetic ketoacidosis 
with a blood gluccse level of 1426 mg/dl. Another di- 
abetic patient was hypoglycemic on admission with a 
blood glucose level of 40 mg/dl. 

The time course between the patient’s presentation 
to the health care system and definitive surgical therapy 
varied widely. In general, the longer the delay in sur- 
gical debridement, the greater the morbidity and mor- 
tality. We did not quantify this relationship because the 
treatments at other institutions varied widely, as did 
time from onset of symptoms to admission. Twelve of 
the 14 deaths occurred in patients with >48 hours be- 
tween presentation and definitive surgical therapy at 
our institution. Of the six patients operated on within 
12 hours of presentation, 5 survived. The other patient 
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Table I. Clinical characteristics of patients with necrotizing fascilitis 




















Days from 
Morbidly diagnosis to No. of operations 
Patient No. ’ Age (yr) obese Diabetes treatment* for debridement Outcome 





l 25 ~ — 0 ] — A 
2 28 + + 0 2 + A 
3 43 + — 0 l — A 
4 46 + -+ 0 2 — D 
5 48 + + 0 2 + A 
6 50 + + 0 = = D 
7 73 — + 0 l — Á 
8 47 + + l I — A 
9 55 + + l ] _ A 
10 58 + “ I 1 — A 
1] 59 + + ] l — A 
12 60 — — l 2 + À 
13 63 _ + l I + À 
14 67 _ _ ] ] — D 
15 32 + -+ 2 2 + A 
16 50 + + 2 I — A 
17 55 + ~ 2 1 — D 
18 62 + + 2 l — D 
19 67 — + 2 2 + D 
20 75 -= + 2 l — D 
21 77 ~ — 2 ] — D 
22 48 == — 3 3 + A 
23 . 50 + + 3 i — D 
24 64 -+ + 3 ] — D 
25 77 ~ + 3 2 — D 
26 67 + + 4 4 — D 
27 74 + ~ 4 2 + A 
28 62 + -+ 6 2 — D 
29 64 + + 10 l — D 








Patients are listed in order of days from admission to a hospital until definitive treatment. A, Alive at hospital discharge; D, 


Died during hospitalization. 


*Completed days from hospital admission (at any hospital) until surgical debridement at our institution. 


was in septic shock at initial presentation and she even- 
tually died. Seven patients underwent wide debride- 
ment between 12 and 14 hours after presentation to a 
physician. One of these patients was in septic shock at 
initial presentation, and she died after transfer to our 
institution. The other 6 survived. Of 8 women operated 
on between 24 and 48 hours after initial presentation, 
2 survived. Finally, only 2 of the 8 subjects who did not 
undergo operations until 248 hours after presentation 
survived. Length of hospital stay and complications fol- 
lowed similar trends. Three patients had cardiopul- 
monary arrests; 2 survived, one with severe neurologic 
deficit. All 3 of these patients had >48 hours between 
admission and definitive surgical treatment. Adult re- 
spiratory distress syndrome developed in 2 patients. 
Both were in the group with a 48-hour delay in surgical 
treatment. 

Twenty-eight patients were eventually managed with 
wide local excision and debridement of affected tissues. 
Nine patients required a second surgical debridement, 
and 5 other women required three or more operative 
procedures. Ten patients had skin grafting procedures 


performed before discharge. Nineteen patients were 
admitted to the intensive care unit postoperatively. Six- 
teen of 29 patients required transfusions, with 1] pa- 
tients required =4 U of packed red blood cells. 

All patients received broad-spectrum antibiotic ther- 
apy including a penicillin or cephalosporin, an amino- 
glycoside, and clindamycin or metronidazole. Wound 
cultures yielded more than one organism in 23 patients 
(79%). Sixteen women (55%) had three or more or- 
ganisms cultured {Table II). The most commonly cul- 
tured organisms were Peptostrepiococcus (14 patients), 
Bacteroides fragilis (12 patients), and Escherichia coli, En- 
terococcus, and §-hemolytic streptococci. In one patient 
culture grew Clostridium tetani in addition to E. coli and 
B. fragilis. She was included in the analysis because 
C. tetani, unlike Clostridium perfringens, does not produce 
its abnormality through myonecrosis. 


Comment 

Necrotizing fasciitis was described by Joseph Jones, 
a Confederate Army surgeon, in 1871 as‘a clinical pro- 
cess wherein, “I have seen the skin in the affected spot 
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Table II. Organisms cultured T women 
with necrotizing fasciitis 


No. of patients” 


Organism 





Peptostreptococcus 3 oOo K 
Bacteroides fragilis e 2 
Escherichta coli l 

Enterococcus : 

Streptococcus (B- Renae 
Corynebacteria 
Diphtheroids 
Staphylococcus aureus 
_ Klebsiella 
Proteus mirabilis 
Clostridium tetani 
Fusobacterium nucleatum 


tims 


pwt ponh hk met one CO O39 OO ~F OO 





*Twenty-three of 29 women had more than one organism 
cultured. Sixteen y women had three or more organisms cul- 
tured. ' : 


> 
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melt away . . -in ever increasing circles.” The modern 
-definition of necrotizing fasciitis is a severe infection of 
the soft tissue in which the major distinguishing char- 
acteristic is the presence of extensive necrosis and ua- 
dermining of the skin, with involvement of tissués up 
to and occasionally including the deep fascia. Our 
experience suggests that severe pelvic cellulitis and. nec- 
‘rotizing fasciitis represent a continuum of clinical con- 
ditions requiring aggressive surgical therapy. A defin- 
itive diagnosis of necrotizing fasciitis is dependent on 
the histologic verification of leukocytic infiltration of 
the fascia, with thrombosis and focal‘necrosis.'* '? How- 
ever, the management-of this disease does not depend 
on obtaining histologic diagnosis, and the accuracy of 
frozen section 1s unknown. a 
Necrotizing fasciitis of the vulva and perineum is 
particularly prevalent among diabetics.” *° 13 Among 
diabetic women, ‘necrotizing fasciitis is particularly 
prevalent in the vulva and perineum.’ Rea and Wyrick® 
presented 44 cases of necrotizing fasciitis, among which 
8 patients were .diabetic. Five of these 8 died (63%). 
Roberts and Hester’ reported'six cases of necrotizing 
infections among diabetic patients, including. three 


deaths (50%). Róberts’ later described 16 cases of nec- | 


-rotizing fasciitis, including 15 among women with di- 
abetes. There were five deaths. Our series includes 11 
deaths among 20 diabetic women. It is believed that 
the extreme mortality among diabetics with necrotizing 
fasciitis is attributed to the combination of diminished 
cell-mediated immunity and poor tissue perfusion as a 
‘result of peripheral vascular disease.” Peripheral vas- 
cular disease also has been noted to be a risk factor Zor 


this disease. Ten patients had evidence of vascular dis- 


ease in this series.>* 1° 


Our series was selected to emphasize the patient who 
represents with vulvar disease not specifically related 
to other pathologic conditions. This-is not to under- 


‘predominate in the ischemic tissues. 
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emphasize that necrotizing fasciitis may occur in many 
settings. Pregnant patients may, also be affected by this 
disease, with mortality rates of up to 50%. 

Survival among patients with necrotizing fasciitis re- 
quires both early recognition and an appreciation for 
the associated morbidity and mortality. Patients found 
to be in high-risk groups need. immediate hospitaliza- 
tion and aggressive surgical and antimicrobial ther- 
apy.'” '°!? In the current series ‘the 8 patients who had 
a.delay of 248 hours in obtaining surgical treatment 
had a mortality of 75%. Of the 5 patients whose con- 
dition was initially managed with simple incision and 


` drainage, all eventually needed wide debridement and 


one patient died. The delays in surgical treatment oc- 


_ curred at local emergency rooms, gynecologist’s offices, 


and general medicine services at university hospitals. 
We believe delays are due to the failure of physicians 
to recognize the severity of this disease process. With 


`~ a simple incision and drainage procedure, clinicians 


may not appreciate the underlying inflammation and 
necrosis. Adequate anesthesia is an absolute necessity 
for the clinician to obtain debridement that is suff- 


ciently wide. 


' The earliest signs of the infection are local indura- 
tion, edema, and marked tenderness.” * '* * On occa- 


- sion, a purulent discharge is noted from the affected 


tissues. It is paramcunt that clinicians appreciate that 
the degree of tissue necrosis cannot be predicted by the 
cutaneous signs. Two patients in our series presented 
with pustules with “slight” induration, and the condi- 
tion was managed with hot compresses. Both patients 
eventually died. It is important that the absence of vis- 
ible purulent material does not exclude the diagnosis 
of necrotizing fasciitis. In the course of necrotizing fas- 
citis, the superficial skin changes may be minimal, even 
though deeper tissue necrosis is under way. Late signs 
include skin discoloration and local analgesia,. which 
appear after the infection has spread.? 7° '* At this 


_ point the blood supply and innervation of the overlying 


tissues are interrupted because of thrombosis of vessels 
and resultant ischemia. Serum calcium levels may be 
low because of binding’with neczosed fat. Crepitus also 
appears as a late sizn because, gas-forming anaerobes 
2, 4, 6-9 

- Necrotizing fasciitis is a polymicrobial infection. Both 
aerobic and anaerobic organisms are involved.® +691 
In this series 23 patients were found to have more than - 
one organism and, 16 ‘had three or more organisms. 
This polymicrobial nature of the infection underscores 
the synergistic activity of the bacteria. Antimicrobial 
therapy should thus reflect the wide spectrum of bac- 
terial involvement: Antibiotics are an important com- 
ponent in the therapy of necrotizing infections. How- 
ever, without debridement, ant-biotics alone are insuf- 
ficient therapy. In our series two of three patients whose 


= 
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condition was initially managed solely with antibiotics 
died, with no patients’ infections resolving: with anti- 
biotics alone. Crosthwait'* reported progression of the 
infection in 10 of 19 patients treated with antibiotics 
alone. 


~ 


The optimal management is wide debridement of all | 


affected tissues. Authors have advocated both blunt 


undermining of the soft tissue along the fascial plane, . 


until the resistance of viable tissue is encountered,'*" 


and sharp dissection with excision of the full thickness: 


of affected tissue, until bleeding is encountered.* * 1° 
Neither method has been shown to be superior, and 
both techniques were used in our series. The important 
commonality of both these techniques is that all necrotic 
tissue is removed.” ° The patient and her family should 
be prepared for extensive debridement and Poona 
prolonged hospitalization. 


The morbidity and mortality of this disease can be ` 


prevented only by a high degree of clinical suspicion. 
As this series has demonstrated, minimizing the treat- 


ment of necrotizing fasciitis does not help the patient. - 
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The California Maternal Serum a-Fetoprotein Screening 
Program: The role of ultrasonography in the detection of 


spina bifida 


Lawrence D. Platt, MD; Lisa Feuchtbaum, MPH,” Roy Filly, MD,° Linda Lustig, MS, 
Michele Simon, MPH, and George C. Cunningham, MD, MPH? 


Los Angeles and San Francisco, California 


Between January 1988 and June 1990, 161 cases of open spina bifida were identified by the California 
Maternal Serum e-Fetoprotein Screening Program. Eight sercent of these cases were not diagnosed by an 
initial ultrasonographic evaluation. Three defects were not recognized until birth. Ultrasonography is 
inadequate to identify all cases of open spina bifida. (AM J OssteT GYNECOL 1992;166:1328-9.) | 


Key words: Neural tube defects, a-fetoprotein, ultrasonography 


A number of recent articles’ and letters? * have sug- 
gested an ongoing controversy over the necessity of 
amniocentesis in the prenatal diagnosis of neural tube 
defects. Wald et al.’ summarized the existing studies of 
spina bifida occurring in women at high risk of having 
a fetus with a neural tube defect. Thirty-one of 261 
(12%) were not detected by ultrasonography. Respond- 
ing to this report, Nadel et al.* contended that only 
three studies cited by Wald et al. were published after 
1986, the year. that the ultrasonographic intracranial 
signs for spina bifida were first reported. In April 1986 
offering maternal serum a-fetoprotein (AFP) screening 
became mandatory in the State of California. This ex- 
perience with large numbers of pregnant women has 
allowed new observations of the role of ultrasonogra- 
phy i in the detection of neural tube defect. We report 
our experience with 161 cases of spina bifida ascer- 
tained through the California Maternal Serum a-Feto- 
protein Screening Program between dua 1983 and 
June 1990. 


Material and methods 


During the period from January 1988 througk June 
1990, >640,000 women were screened in the California 
Maternal Serum a-Fetoprotein Screening Program. 
Cases with elevated maternal serum AFP values were 
offered an u_trasonographic examination by an expe- 
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rienced sonographer at one of the 20 prenatal diag- 
nostic centers throughout the State of California. Each 
center designated as an AFP prenatal diagnosis follow- 
up center must have at least one sonographer who 
meets criteria defined by the Genetic Disease Branch. 
These criteria include board certification, fellowship 
training in maternal-fetal medicine, or ultrasonogra- 
phy with an emphasis on high-risk obstetric ultrasono- 
graphic examinations. In addition, personal experience 
must include 500 detailed second-trimester examina- 
tions specific for the identification of birth defects and 
a yearly minimum case load. When appropriate, am- 
niocentesis was offered to these patients and AFP test- 
ing of the amniotic fluid was performed. If the amniotic 
fluid AFP level was elevated, an acetylcholinesterase 
level was ascertained. 

Approximately 92% of patients with abnormal ma- 
ternal serum AFP values had follow-up through one of 
the program’s diagnostic centers. We report our results 
l from those cases, 


Results 


Out of the 161 cases of open spina bifida identifed, 
148 (91.9%) could be said to be detected by ultraso- 
nographic examination. These 148 cases include those 
diagnosed either with a suspicious finding on the sono- 
gram alone or by ultrasonography before amniocen- 
tesis. The remaining 13 cases (8.1%) were not identified 
by initial ultrasonographic examination. Ten cases were 
eventually recognized with ultrasonography but only 
after an amniocentesis yielded an elevated amniotic 
fluid AFP level and a positive acetylcholiresterase test 
result. The other three cases were not diagnosed until 
birth. In two of these instances ultrasonography failed 
to detect any anomalies and the patients declined am- 
niocentesis. In the third case ultrasonographic mea- 
surements of the fetus resulted in a redating of the 
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pregnancy. Recalculation of the maternal serum AFP 
on the basis of this finding placed the value in the 
negative range and amniocentesis was not performed. 
Two additional cases of closed spina bifida (not in- 
cluded in the 161 cases) were also missed on ultraso- 
nographic examination. These patients had maternal 
serum AFP values of 0.57 and 0.62 multiple of the 
median and were referred for follow- -up because of a 
low maternal serum AFP value. The amniotic fluid AFP 
values for both were within the normal range, and ul- 
trasonography failed to detect any anomaly. | 


Comment 


The 13 cases of open spina bifida missed on initial 
ultrasonographic examination occurred in nine of the 
prenatal diagnostic centers, with one center reporting 
three of the cases. The data presented in this report 
are post 1986, the year intracranial signs were first re- 
ported. Further, the California AFP program has spe- 
cific criteria for prenatal diagnostic centers performing 
AFP follow-up. These include the use of sonographers 
with extensive training in prenatal diagnosis and sec- 
ond-trimester examinations. However, even in these 
centers, it is possible that some sonographers have less 
experience than one of their colleagues.and thus are 
even more likely to miss a defect. 

The ultrasonographic detection rate of 91.9% for 
open spina bifida is significantly enough below 100% 
to warrant the offering of amniocentesis for patients 
with elevated maternal serum AFP results. In regard 
to decision making at moderate maternal serum AFP 
elevations, four of our 13 missed cases of open spina 
bifida had multiple of the median values below 3.0. On 
the basis of our data, we caution against the recom- 
mendation to forego amniocentesis with elevated ma- 
ternal serum AFP results. We agree with Nadel et al. 
that patients deserve to make an informed decision 
about whether to proceed with amniocentesis, as long 
as these choices are based on all available information. 
It seems reasonable that reassigning risks of neural tube 
defects on the basis of maternal serum AFP values, the 
subsequent ultrasonographic findings, and the individ- 
ual’s personal experience before amniocentesis may be 
indicated in the future. | 

In an attempt to explain why so many experienced 
centers missed overt lesions on ultrasonography, a 
number of factors, including obesity and previous ab- 
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dominal surgery, may interfere with adequate diag- 
nosis. Transvaginal i imaging may decrease image deg- 
radation caused by obesity in some patients with high 
maternal serum AFP values and thus enhance diag- 
nosis, particularly if the head of the fetus is near the 
cervix. However, transvaginal imaging has a limited 
field of view and limited maneuverability, both of which 
decrease its applicability. 

The knowledge that amniocentesis will be offered to 
women whose scans do not reveal an obvious abnor- 
mality may influence the detail of those scans. However, 
not all patients elect to have an amniocentesis, and thus 
some cases go undetected. 

In summary, our experience with the detection of 
neural tube defects suggests that ultrasonography re- 
mains inadequate as a single entity to identify all cases 
of open spina bifida. 
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Center; Loma Linda University Medical Center; Long 
Beach Memorial Medical Center; Prenatal Diagnostics, 
Inc.; Stanford University School of Medicine; Univer- 
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Fetal humeral length to detect Down syndrome 


Siegfried Rotmensch, MD, Jia-Sen Luo, MD, Marco Liberati, MD, Kathleen Belanger, PhD, 


Maurice J. Mahoney, MD, and Jobn C. Hobbins, MD 


New Haven, Connecticut 


OBJECTIVE: Our aim was to evaluate the utility of ultrasonographic humeral length measurements for 
detection of fetuses with Down syndrome in the midtrimester of gestation. . 

STUDY DESIGN: Ultrasonographic biometry data obtained before genetic amniocenteses on 43 fetuses 
with Down syndrome and 204 randomly chosen normal fetuses were analyzed. Regression equations 
ra.ating biparietal diameter to humeral lerigth and femoral length were used to calculate ratios of 
observed-to-expected length and sensitivity and specificity at various cutoff points. 


RESULTS: Humeral length in Down syndrome fetuses was significantly shorter than in normal controls 


(p < 0.001). A ratio of 0.90 for observed/ expected humeral length yielded a sensitivity of 28%, a 
specificity of 91%, and positive predictive values: of 1.23% and 0.41% in populations at risk for Down 
syndrome of 1 in 250 and 1 in 750, respectively.. The equivalent ratio for femoral length yielded a 
sensitivity of 19%, a specificity of 91%, and positive predictive values of 0.87% and 0.28% for baseline 


risks of 1 in 250 and 1 in 750, respectively. 


CONCLUSIONS: The sensitivity of fetal humeral length measurements for Down syndrome detection in 
our hands was remarkably lower than previously reporied. Independence of this parameter from current y 
used serum screening markers has not been established; therefore implementation in screening programs 
is not advisable at this point. (Am J Serer GYNECOL 1992: 166:1330- -4.) 


1 


Key eis: Humeral length, Down andian ultrasonography 


The role of ultrasonographic screening for Down 
syndrome is still evolving. Nuchal fold thickening,’ hy- 
poplasia of the middle phalanx of the fifth digit,” short 
femoral length,™** and cardiac defects* have been pro- 
posed as ultrasonographic markers- for trisomy 21 fe- 
tuses. A recent study by FitzSimmons et al.° suggested 
that upper-extremity long bones were more frequently 
shortened than the lower extremities in postmortem 


specimens of Down syndrome fetuses. These findings ` 


were confirmed in an ultrasonographic study of 24 
Down syndrome fetuses under highly standardized 
scanning conditions.’ The current study evaluates hu- 
meral length measurements obtained from 43 Down 
syndrome fetuses and compares the screening utility of 
this parameter to femoral length measurements ard a 
combination of the two. 


Material and methods 

From Jan. 1, 1985 to Dec. 31, 1990, 132 fetuses were 
prenatally diagnosed with Down syndrome at the Di- 
vision of Maternal-Fetal Medicine and the Department 
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of Human Genetics, Yale University. We anzlyzed ul- 
trasonographic biometry data of 43 Down syndrome 
fetuses, with a gestational age between 15 and 21 men- 
strual weeks, who were scanned before amniocentesis 
for advanced maternal age. Only scans with complete 
data on the biparietal diameter (BPD), humeral length, 


- and femoral length were included in the study. All scans 


in which the fetal karyotype was known at the time of 
the examination were excluded from the study. The 
ultrasonographic examinations were performed by 
more than 15 sonographers with varying levels of ex- 


_ perience and training. 


Ultrasonography equipment used during the study 
period included General Electric models RT 2600 and 
3000, Ultramark 4 and Ultramark 9 (Advanced Tech- 
nology Laboratories), Acuson model 128, and Aloka 
models 650 and 680 (Corometrics). Measurements were 
obtained with linear, sector, and curvilinear transduc- 
ers, based on sonographer preference. The BPD was 
obtained in the axial plane, at the level of the thalami, 
third ventricle, and cavum septum pellucidum. The 
calipers were placed on the outer and inner borders of 
the proximal and distal skull plates, ‘respectively. | 
Humeral and femoral length measurements were per- 7 
formed in the lon; gest dimension of the bone. | 

Our control group. consisted of 204 fetuses with nor- ` 


mal karyotypes who were scanned at the same gesta- 
tional age interval during this 6-year period. To control 
‘for variations in scanning technique, equipment, and 


cumulative experience during the study period, each 
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Down syndrome fetus was matched with five karyotyp- `. 


ically normal fetuses scanned in the same year. System- 
atic sampling was performed by dividing the total num- 
ber of genetic amniocenteses for advanced maternal 
age during each 1-year period by a factor that would 
provide five control cases per affected case. When data 
from a selected record were incomplete, the record was 
deleted without replacement. This resulted in a control 
group of 204 cases. 

Regression analysis was performed to evaluate the 
relationships between BPD and humeral length, as well 
as between BPD and femoral length. An expected hu- 
meral and femoral length was then calculated from the 


regression equation for each BPD. A ratio of observed- ` 


to-expected humeral length and femoral length was 
used to determine the specificity, sensitivity, and posi- 
tive predictive value of the 43 Down syndrome fetuses. 

Sélective data from this data set will also be evaluated 


_ in the future as part of a multicenter study initiated by 


i 


Dr. Charles Lockwood. 


Results 


Table I lists individual BPD, femoral length, and hu- 
meral length measurements in 43 Down syndrome 
fetuses. The regression equation relating BPD to hu- 
meral length in this population is: Expected humeral 
length = — 5.4282 + (0.7542 x BPD); R? = 0.77; p < 
0.001. Fig. 1 shows a graphic display of the regression 
line (line a) of humeral length on BPD + 2 SD, ob- 
tained from 204 karyotypically normal fetuses. Line b 
represents the regression line for the 43 Down syn- 
drome fetuses. Lines a and b are statistically different 
(p < 0.001). 

Fig. 2 shows individual values for humeral length in 
relation to BPD for 43 Down syndrome fetuses plotted 
on the regression line from the control fetuses with 
95th and 5th percentile limits. In spite of the statistically 
significant difference between regression equations for 
normal and Down syndrome fetuses (Fig. 1), only one 
out of 43 measurements was below the 5th percentile. 
Eight fetuses had humeral length measurements above 


the expected value and two fetuses had measurements — 


at or above the 95th percentile. 

The regression equation for femoral length on BPD 
in Down syndrome fetuses was: Expected femoral 
length = — 6.4047 + (0.7849 x BPD); R? = 0.74; p < 


' 0.001. 


The regression lines of femoral length on BPD in 


. the normal and Down syndrome groups were statisti- 


cally different (p < 0.05). In 12 cases the humerus was 


equal in length to the femur; in 22 cases the humerus 


was shorter and in nine cases longer than the femur. 
Table II shows the sensitivity, specificity, and positive 
predictive value for various measured-to-expected hu- 


. meral length ratios in women at risk for Down syn- 
' drome of 1 in 250 and I in 750. A “cutoff” point of 
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Table I. Individual BPD, humeral length, and 
femoral length in 43 Down syndrome fetuses 





Humeral Femur 

Patient - length length 
No. (mm) (mm) 
l 29 26 
2 27 29 
3 28 28 
4 28 31 
5 26 26 
6 20 19 
7 23 24 
8 21 20 
9 22 23 
10 19 20 
11 20 20 
12 22 25 
13 18 19 
14 | 24 23 
15 29 31 
16 23 20 
17 19 18 
18 20 20 
19 20 21 
20. 15 15 
21 19 19° 
22 26 25 
23, 22 22 
24 20 21 
25 19 19 
26 20 25 
27 16 17 
28 25 26 
29 39 3) 
30 19 21 
31 20 21 
32 17 18 
33 21 21 
34 24 24 
35 20) 20 
36 2i 20 
37 21 22 
38 19 21 
39 29 31 
40 17 17 
4] 32 35 
42 3 20 21 
43 28 15 14 


0.90 for measured-to-expected humeral length iden- 
tifies 12 out of 43 Down syndrome fetuses (28% sen- 


sitivity) and has a false-positive rate of 8.8%. The pos- 


itive predictive value is 1.23% in a population at risk 
of 1 in 250, which is equivalent to the risk that a fetus 
of a 35-year-old woman in the mid second trimester 
would have Down syndrome. In a population at risk 


_ for Down syndrome of 1 in 750 (second-trimester risk 


at age 28), the same, cutoff point of 0.90 would yield a 
positive predictive value of 0.41%. 

Respective data on various measured-to-expected 
femoral length ratios are shown in Table III. Neither 
sensitivity nor positive predictive value is as good when 
femoral length is used as compared with humeral 


| ‘length. When humeral and femoral length measure- 


ments were combined (ratio =0.90 of measured-to-ex- 
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Fig. 1. Regression of humeral length on BPD in karyotypically normal fetuses (line a) and +2 SD 
(dotted lines). Line b represents regression l.ne for Down syndrome fetuses. 
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Fig. 2. Regression of humeral length on BPD with 5th and 
35th percentiles. Individual values for Down syndrome cases 
are plotted. 


pected length in either humerus or femur), a 30% sen- 
sitivity was obtained. However, positive predictive val- 
ues for baseline risks of l in 250 and 1 in 750 were 
1.08% and 0.36%, respectively. When both humeral 
and femoral lengths were combined, whereby a positive 
finding occurs only when both limbs are short, the spec- 
ificity was improved but the positive predictive value 
was lower than for humeral length alone (Table IV}. 


Comment 


Short stature is a well-recognized feature of Down 
syndrome. Whether shortening of the long bones in 
the midtrimester fetus is sufficient to aid in the prenatal 
diagnosis of Down syndrome is controversial. Lock- 
wood et al.“ and Benacerraf et al.* found that the fem- 
oral length is significantly shortened in the midtrimes- 
ter Down syndrome fetus. Lockwood et al.” calculated 
a 50% to 70% sensitivity with a BPD/femur ratio of 1.5 
SD above the normal population mean, and Benacerraf 
et al.* reported a 68% sensitivity with a ratio of 0.90 
measured/expected femoral iength. However, other 
authors obtained remarkably lower sensitivities.” An 
evaluation of long-bone length in 37 postmortem spec- 
imens of Down syndrome fetuses by FitzSimmons et 
al. found that most measurements fell below the 
regression lines for normal controls. Furthermore, 
their data suggested that upper-extremity bones were 
more frequently shortened than were lower-extremity 
bones. Benacerraf et al.’ reported that ultrasono- 
graphic measurements of humeral length in 24 
midtrimester Down syndrome fetuses were signifi- 
cantly shorter than those in normal controls. An ob- 
served/expected humeral length ratio of 0.90 had a 
50% sensitivity, a false-positive rate of 6.25%, and a 
3.1% positive predictive value in a population at risk 
for Down syndrome of | in 250. Analysis of femoral 
length in this population of Down syndrome fetuses 
showed a lower sensitivity (41.6%). 

Our data on 43 Down syndrome fetuses confirm that 
humeral length is significantly shorter in Down syn- 
drome fetuses than in normal controls. Furthermore, 
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Table IL. Sensitivity, specificity, and positive predictive values for different measured/expected humeral 
length ratios in women at risk for having a Down syndrome fetus of 1 in 250 and 1 in 750 


Measured expected humeral length Sensitivity 
0.88 0.21 
0.90 0.28 
0.92 0.30 


Positive predictive value 





Specificity . _ 1/250 1/750 
0.93 1.19 0.40 
0.91 1.23 0.41 
0.86 0.85 0.28 


Table III. Sensitivity, specificity, and positive predictive values for different measured/expected femoral 
length ratios in women at risk for having a Down syndrome fetus of 1 in 250 and 1 in 750 


Measured! expected femoral length Sensitivity 
0.88 0.12 
0.90 0.19 
0.92 0.28 





Positive predictive value 


Specificity .. 1/250 11750 
0.93 0.68 0.23 
0.91 0.87 0.28 
0.86 0.80 0.26 


Table IV. Sensitivity, specificity, and positive predictive values for different combinations of 
measured/expected humeral.and femoral length ratios in women at risk for having a Down syndrome 


fetus of 1 in 250 and 1 in 750 


Measured/ expected bone length 


0.88 0.88 0.11 
0.90 0.90 0.16 
0.92 l 0.92 . 0.16 


a measured-to-expected humeral length ratio of 0.90 
identified more Down syndrome fetuses (28%) than did 
the equivalent ratio for the femur (19%). However, the 
sensitivity of this ratio in our study was significantly 
lower than that in the study by Benacerraf et al. This 
discrepancy could be partially explained by differences 
between the two ultrasonography laboratories and in 
study design. Whereas Benacerraf et al. collected cases 
during a 14-month period, our cases were collected 
during a 6-year period. It is obvious that ultrasono- 
graphic expertise and ultrasonography equipment 
have changed remarkably in a 6-year period, and less 
uniformity must be assumed. There were also more 
sonographers who contributed to this study, as well as 
a larger variety of ultrasonography equipment and 
transducers. Differences in long-bone measurements 
with varying types of ultrasonography transducers have 
indeed been demonstrated.'® The higher sensitivity ob- 
tained by Benacerraf et al. suggests increased screening 
efficiency when sonographers and equipment are 
highly standardized in one laboratory. This also implies 
that every ultrasonography laboratory should deter- 
mine its Own sensitivity in screening with ultrasono- 
graphic measurements. Since our data were collected 





Positive bredictrve value 


Specificity 1/250 11750 


0.96 1.04 0.34 
0.94 1.02 0.34 
0.90 0.67 0.22 


on a variety of machines, they might be more repre- 
sentative of the inherent variability among various lab- 
oratories. 

Furthermore, we exclusively evaluated Down syn- 
drome cases for which all three measurements, BPD, 
humeral length, and femoral length, were available. We 
assumed that humeral length measurements were not 
obtained if the measurement was not recordéd. It can- 
not be excluded that humeral length measurements 
were actually obtained, but discarded, when a sonog- 
rapher ėrroneously. perceived a dispròportionately 
small humerus to be the result of a measurement error 
rather than a true growth disturbance. 

Since women above the age of 35 are offered am- 
niocentesis for karyotype determination on a routine 
basis, ultrasonographic humeral length screening 
would be more applicable to the general population, 
with an average baseline risk of 1 in 750 for trisomy 
21. On the basis of our findings, a positive predictive 
value of 0.41% could be expected in this population. 
For every Down syndrome fetus identifed in this fash- 
ion, 244 amniocenteses would have to be performed 
on karyotypically normal fetuses. ‘Therefore a mea- 
sured-to-expected humeral length ratio of 0.90 would 
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signify a risk for Down syndrome similar to. that of, 


maternal age of 35 years, for which routine amniocen- 
tesis is currently offered. However, only 5% of the preg- 
nant population are older than 35 when they are de- 
livered." Since 8.8% of our normal controls were below 
the cutoff ratio of 0.9, implementation of this screening 


tool would require an additional 8.3% genetic amnio- ` 


centeses in the general population, with the assumption 
that fetal humeral length is independent from maternal 
age. Furthermore, the statistical independence of this 
screening tool from currently used serum markers for 
Down syndrome has not been established. Therefore 
it is conceivable: that a substantial portion of fetuses 
identified by‘humeral length screening would alsc be 


identified by screening with maternal serum a-feto-, 


protein, human chorionic gonadotropin, and estriol.’ 
Such a dependerice of parameters would diminish the 
relative contribution of humeral length screening. 

When humeral and femoral length measurements 
were combined, a cutoff point of 0.90 for observed-to- 
expected length ratio did not increase the sensitivity 
obtained for humeral length measurement alone. This 
finding probably reflects the large degree of concor- 
dance in humeral and femoral shortening of Down 
syndrome fetuses. Small stature in Down syndrome ap- 
pears to affect all long bones, as suggested by Fitz- 
Simmons et al., but is more pronounced in the hu- 
merus. Therefore upper- and lower-extremity mea- 
surements cannot be used as independent parameters 
for screening. . 

Our data support reports by FitzSimmons et'al.° and 
Benacerraf et al.’ of shorter humeral length measure- 
ments in midtrimester Down syndrome fetuses, as com- 
pared with their normal counterparts. Furthermore, 
the fetal humerus in Down syndrome appears to be 
relatively more shortened than the femur. However, 
the low sensitivity of humeral length screening in our 
hands and the uncertainty about the statistical inde- 
pendence of this parameter from serum markers for 
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Down ‘syndrome do not support its current use in ` 
screening of the general population. 


REFERENCES 


]..Benacerraf BR, Frigoletto FD. Soft tissue nuchal fold in 
. the second trimester fetus: ‘standards for normal mea- 
surements compared with those in Down’s syndrome. AM 

J OBSTET GYNECOL 1987;157:1 146-9. 

2. Benacerraf BR, Harlow BL, Frigoletto FD. Hypoplasia of 
the middle phalanx of the fifth digit: a feature of the 
second trimester fetus with Down’ s syndrome. J Ultra- 
sound Med 1990;9:389-94. 

3. Lockwood C, Benacerraf B, Xrinsky A, et al. A sono- 
graphic screening method for Down’s syndrome. AM J 

` OBSTET GYNECOL 1987;157:803-8. 

4. Cuckle H, Wald. N; Quinn J, Royston P, Butler L. Ultra- 
sound fetal femur length measurement in the screening 
for” Down’s evar roe Br J Obstet Gynaecol 1989; 
96:1373-8. ` 

5. Copel JA, Cullen M, Green JJ, Mahoney MJ, Hobbins JC, 
Kleinman CS. The frequency of aneuploidy in prenatally 
diagnosed congenital heart diseases: an indication for fe- 

_ tal karyotyping. Am ] OBSTET GYNECOL 1988;158:409-13. 

6. FitzSimmons J, Droste S, Shepard TH, Pascoe-Mason J, 
Chinn A, Mack LA.. Long-bone growth in fetuses with 
Down syndrome. AM J Deane GYNECOL 1989;161: 
1174-7, : 

7. Benacerraf BR, Neuberg D, Frigoletto FD. Humeral 
shortening in second-trimester fetuses with Down syn- 
drome. Obstet Gynecol 1991;77:223-7. 

8. Benacerraf BR, Gelman R, Frigoletto FD. Sonographic 
identification of second-trimester fetuses with Down syn- 
drome. N Engl ] Med 1987;317:1371-6. 

9. Perrella R, Duerinckx AJ, Grant EG, Tessler F, Tabsh K, 
Crandall BF. Second trimester sonographic diagnosis of 
Down syndrome: role of femur-length shortening and 
nuchal fold thickening. AJR 1988;151:981-5. 


10. Jeanty P, Beck GJ, Chervenak FA, Kremkau FW, Hobbins 


JC. A comparison of sector ar:d linear array scanners for 
the measurement of the fetal femur.-J Ultrasound Med 
1985;4:525-30, 


‘11. National Center for Health Statistics. Advance report of 


final natality statistics, 1983. Hyattsville, Maryland: Na- 

tional Center for Health Statistics, 1985 (suppl): 1-44; 
DHHS publication no. PHS &5-1120. (Monthly. vital sta- 
tistics report, series 34, no 6). 

12. MacDonald ML, Wagner RM, Slotnick RN. Sensitivity and. 
specificity of screening ‘for Down Syndrome with alpha- 
fetoprotein, hCG, unconjugated estriol, and maternal ager 
Obstet PENER 1991; 77: 63-8. 





Gy. re pretty certain 


that we don't want 


more children, 
but we wanted 
to leave the 


possibility open.” A 


Kathy Hill 
Jacksonville, FL 












ke 
$i 


VW 





ES 2 
NORPLANT SYSTEM 


levonorgestrel implants 


? ge = Sere m Sa S mops ani n E TE O ee e T 
i - $ s 


F. 


Lasts 5.years...yet is reversible 


d f ~ 
| 
n r 


Serious as well as minor side effects may occur. The most common side effect which has been 
observed is menstrual bleeding irregularities. 


Please see brief summary of prescribing information on the following page. 
©1992, Wyeth-Ayerst Laboratories. 70443A 


WY 
RPLANT SYSTEM 


levonorgestrel implants 
Lasts five years...yet is reversible 


BRIEF SUMMARY OF PRESCRIBING INFORMATION. CONSULT THE PACKAGE LITERATURE FOR 
FULL PRESCRIBING INFORMATION. 

Indications and Usage 

The NORPLANT SYSTEM is indicated for the prevention of pregnancy and is a long-term (up to 
5 years) reversible contraceptive system. The capsules should be removed by the end of the 5th 
year. New capsules may be inserted at that time if continuing contraceptive protection is desired. 
Contraindications 

1. Active thrombophlebitis or thromboembolic disorders. 2. Undiagnosed abnormal genital 
bleeding. 3. Known or suspected pregnancy. 4. Acute liver disease; benign or malignant liver 
tumors. 5. Known or suspected carcinoma of the breast. 

Warnings 

A. WARNINGS BASED ON EXPERIENCE WITH THE NORPLANT SYSTEM 






1. Bleeding Irregularities — Most women can expect some variation in menstrual bleeding patterns. 


Irregular menstrual bleeding, intermenstrual spotting, prolonged episodes of bleeding and spotting, 
and amenorrhea may occur, and could mask symptoms of cervical or endometrial cancer. Overall. 
these irregularities diminish with continued use. Because amenorrhea may occur, missed 
menstrual periods cannot serve as the only identifier of early pregnancy. Perform pregnancy tests 
whenever pregnancy is suspected. If pregnancy occurs, the capsules must be removed. 
Hemoglobin concentrations found in clinical trials generally indicated that reduced menstrual blood 
loss is associated with NORPLANT SYSTEM use. Blood loss resulting in hemoglobin values 
consistent with anemia occurred rarely. 

2. Delayed Follicular Atresia — Atresia of the follicle is sometimes delayed, resulting in enlarged 
follicles that are clinically indistinguishable from ovarian cysts. In the majority of women, enlarged 
follicles disappear spontaneously. Rarely, they twist or rupture and surgical intervention may be 
required. 

3. Ectopic Pregnancies — Ectopic pregnancies have occurred among NORPLANT SYSTEM users, 
although clinical studies have shown no increase in the rate of ectopic pregnancies per year among 
NORPLANT SYSTEM users as compared with users of no method or of IUDs. The incidence among 
NORPLANT SYSTEM users (1.3 per 1000 woman-years) was significantly below the rate estimated 
for noncontraceptive users in the U.S. (2.7 to 3.0 per 1000 woman-years). Ectopic pregnancy risk 
may increase with duration of NORPLANT SYSTEM use and increased weight of the user. Rule out 
ectopic pregnancy in any patient presenting with lower-abdominal pain. 

4. Breast-feeding — Steroids are not the contraceptives of first choice for lactating women. 
Levonorgestrel has been identified in breast milk. Limited data suggests no significant effects on 
infant growth or health when mothers used the NORPLANT SYSTEM beginning 6 weeks after 
parturition. 

5. Foreign-body Carcinogenesis — Rarely, cancers occur at foreign-body intrusion sites or old 
scars. None has been reported in NORPLANT SYSTEM clinical trials and risk to users is judged to 
be minimal. 

6. Thromboembolic Disorders — Remove capsules if active thrombophlebitis or thromboembolic 
disease develops. With prolonged immobilization removal should be considered. 

B. WARNINGS BASED ON EXPERIENCE WITH COMBINATION (PROGESTIN PLUS ESTROGEN) 
ORAL CONTRACEPTIVES (OCs) 

Note: Many of the side effects or risks listed below are thought to be estrogen-related; the 
association of the NORPLANT SYSTEM progestin-only method to these risks is unknown. 

1. Cigarette Smoking — Cigarette smoking increases the risk of serious cardiovascular side effects 
from combined OC use. Risk increases with age and heavy smoking (215 cigarettes/day) and is 
quite marked in women over 35 years old 

2. Elevated Blood Pressure — Increase in blood pressure has been reported in combination OC 
users; prevalence increases with long exposure. 

3. Thromboembolic Disorders and Other Vascular Problems — An increased risk of 
thromboembolic and thrombotic disease is associated with combination OC use. Estimate of 
relative risk is 4- to 11-fold higher for users vs. nonusers. 

Cerebrovascular Disorders: Combination OCs increase the relative and attributable risk of 
cerebrovascular events (thrombotic and hemorrhagic strokes). Generally, risk is greatest among 
hypertensive women > 35 years of age who smoke. 

Myocardial Infarction (MI): An increased risk of MI has been attributed to combined OC use. This is 
thought to be primarily thrombotic in origin and related to the estrogen component. Increased risk 
occurs primarily in smokers or women with other underlying risk factors for coronary-artery 
disease. Relative risk of heart attack for combined OC users is estimated as 2 to 6 times that for 
nonusers. Absolute risk is very low for women under 30 years old. 

Studies indicate a significant trend toward higher MI and stroke rates with increased progestin 
doses in combination OCs. However, recent data indicated no increased MI risk with past use of 
levonorgestrel-containing OCs. 

4. Carcinoma — Recent evidence in the literature suggests no association between OC use and 
increased risk of breast cancer in the overall population of users. The Cancer and Steroid Hormone 
(CASH) study also showed no latent effect on breast cancer risk for at least a decade following 
long-term use. Some of these same studies have shown an increased relative risk of breast cancer 
in certain subgroups; no consistent pattern has been identified. Some studies suggest an 
association between combination OCs and an increase in the risk of cervical intra-epithelial 
neoplasia in some populations of women. The extent to which such findings may be due to 
differences in sexual behavior and other factors remains controversial. A cause-and-effect 
relationship between combined OC use and breast or cervical cancer has not been established. 
Combination OCs may decrease ovarian and endometrial cancer risk. Irregular bleeding patterns 
associated with NORPLANT SYSTEM use could mask cervical or endometrial cancer symptoms. 

5. Hepatic Tumors — Hepatic adenomas are associated with combination OC use; estimated 
incidence is 3 events per 100,000 users per year. Risk increases after 4 or more years of use. 
Hepatic adenomas are benign but may rupture and cause death through intra-abdominal 
hemorrhage. 

6. Ocular Lesions — Retinal thrombosis is associated with OC use and is believed to be related to 
the estrogen component. However, NORPLANT SYSTEM capsules should be removed if there is 
unexplained partial or complete vision loss; onset of proptosis or diplopia; papilledema; or retinal 
vascular lesions. Undertake appropriate diagnostic and therapeutic measures immediately. 

7. Use Before or During Early Pregnancy — Extensive epidemiological studies reveal no increased 
risk of birth defects when OCs are used prior to pregnancy. Studies also do not suggest a 
teratogenic effect when taken inadvertently during early pregnancy. No evidence suggests that risk 
with NORPLANT SYSTEM use is different. 
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8. Gallbladder Disease — Early studies reported an increased lifetime relative risk of gallbladder 
surgery in OC or estrogen users. More recent studies, however, indicate that the relative risk of 
gallbladder disease with OC use may be minimal; this may be related to use of OCs with less 
estrogen and progestin content. 

Precautions 

GENERAL: 

1. Physical Examination and Follow-up — A complete medical history and physical examination 
should be taken prior to implantation or reimplantation of NORPLANT SYSTEM capsules and at 
least annually during its use. Exams should include special reference to the implant site, blood 
pressure, breasts, abdomen and pelvic organs, including cervical cytology and relevant laboratory 
tests. Rule out malignancy in cases of undiagnosed, persistent or recurrent abnormal vaginal 
bleeding. Women with a strong family history of breast cancer or who have breast nodules should 
be monitored with particular care. 

2. Carbohydrate Metabolism — Altered glucose tolerance is found in some combination and 
progestin-only OC users. Effects of NORPLANT SYSTEM on carbohydrate metabolism appear 
minimal. Observe diabetic and prediabetic patients carefully while using the NORPLANT SYSTEM. 
Follow women being treated for hyperlipidemias closely if using the NORPLANT SYSTEM. Some 
progestins may elevate LDL and may render control of hyperlipidemias more difficult. (See 
Warnings.) 

3. Liver Function — Consider removing capsules if jaundice develops. Steroid hormones may be 
poorly metabolized in patients with impaired liver function. 

4. Fluid Retention — Steroid contraceptives may cause some degree of fluid retention. Prescribe 
with caution, and careful monitoring, in patients with conditions possibly aggravated by fluid 
retention, 

9. Emotional Disorders — Consider removing capsules if significant depression occurs since the 
symptom may be drug-related. Observe carefully those with history of depression and consider 
removal if depression recurs to a serious degree. 

6. Contact Lenses —Contact-lens wearers who develop visual changes or changes in lens 
tolerance should be assessed by an ophthalmologist. 

7. Insertion and Removal — Insertion is advised during the first 7 days of the cycle or immediately 
following abortion to insure that the woman is not pregnant and to assure contraceptive 
effectiveness during first cycle of use. Capsules may be inserted at any time during the cycle 
provided pregnancy has been excluded and a nonhormonal contraceptive method is used for the 
remainder of the cycle. Insertion is not recommended before 6 weeks postpartum in breast-feedinc 
women. Follow insertion and removal instructions closely. Healthcare professionals are strongly 
advised to be instructed in the procedures before they attempt them. Proper insertion just under the 
skin facilitates removals; proper insertion and removal should result in minimal scarring. If all 
Capsules cannot be removed at first attempt, attempt removal later when the site has healed. 
Bruising may occur at implant site during insertion or removal. Hyperpigmentation may occur over 
implant site but is usually reversible following removal. See Full Prescribing Information for 
Detailed Insertion/Removal Instructions. 

8. Infections — Implant site infection has been uncommon (0.7%); aseptic technique and proper 
insertion/removal reduces possibility of infection. institute treatment if infection occurs; remove 
capsules if infection persists. 

9. Expulsion — Expulsion of capsules was uncommon; frequency increased when capsule 
placement was extremely shallow, was too close to incision, or when infection was present. 
Replace expelled capsule with new sterile capsule. Treat and cure any infection before replacement 
Contraceptive efficacy may be inadequate with fewer than 6 capsules. 

10. Provisions for Removal — Advise women that capsules may be removed at any time for any 
reason. Personnel instructed in removal technique should perform removal on request or at the ene 
of 5 years of usage. Upon removal, dispose of capsules in accordance with Centers for Disease 
Control Guidelines for biohazardous waste. 

DRUG INTERACTIONS: Reduced efficacy (pregnancy) in NORPLANT SYSTEM users has been 
reported when phenytoin or carbamazepine were used concomitantly. Warn NORPLANT SYSTEM 
users of possible decreased efficacy with use of related drugs. 

DRUG/LABORATORY TEST INTERACTIONS: 1. Sex-hormone-binding globulin concentrations are 
decreased. 2. Thyroxine concentrations may be slightly decreased and triiodothyronine uptake 
increased. 

CARCINOGENESIS: See Warnings section and Full Prescribing Information. 

PREGNANCY: Pregnancy Category X. See Warnings section and Full Prescribing Information. 
NURSING MOTHERS: See Warnings section and Full Prescribing Information. 

INFORMATION FOR THE PATIENT: See Patient Labeling. Provide copy of patient labeling to the 
patient. Advise patients that Prescribing Information is available upon request. Inform prospective 
users of risks and benefits associated with NORPLANT SYSTEM use, with other forms of 
contraception, with no contraception, and about insertion/removal procedures. Informed consent 
from all patients may be desired in light of techniques involved with insertion and removal. 
Adverse Reactions 

The following have been associated with the NORPLANT SYSTEM during first year of use: many 
bleeding days or prolonged bleeding (27.6%); spotting (17.1%); amenorrhea (9.4%): irregular 
(onsets of) bleeding (7.6%); frequent bleeding onsets (7.0%); scanty bleeding (5.2%): pain or 
itching near implant site - usually transient - (3.7%); infection at implant site (0.7%): removal 
difficulties affecting subjects - based on 849 removals - (6.2%). 

Controlled clinical studies suggest that the following, occurring during the first year, are probably 
associated with NORPLANT SYSTEM use: headache; nervousness; nausea; dizziness; adnexal 
enlargement; dermatitis; acne; change of appetite; mastalgia; weight gain; hirsutism, hypertrichosise 
and scalp-hair loss. The following were reported with a frequency of 5% or greater during the first 
year and possibly may be related to NORPLANT SYSTEM use: breast discharge: cervicitis: 
musculoskeletal pain; abdominal discomfort; leukorrhea; vaginitis. 

Overdosage 

Overdosage may cause fluid retention with its associated effects and uterine bleeding irregularities. 
Dosage and Administration 

The NORPLANT SYSTEM consists of six Silastic capsules, each containing 36 mg of the progestin» 
levonorgestrel. The total administered (implanted) dose is 216 mg. Implantation of all six capsules 
should be performed during the first 7 days of the onset of menses by a healthcare professional 
instructed in the NORPLANT SYSTEM insertion technique. Insertion is subdermal in the midportions 
of the upper arm about 8 to 10 cm above the elbow crease. Distribution should be in a fanlike 
pattern, about 15 degrees apart, for a total of 75 degrees. Proper insertion will facilitate later 
removal. (See Full Prescribing Information for Detailed Insertion/Removal Instructions.) 
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Accuracy of frozen-section diagnosis at surgery in clinical 
stage I and II endometrial carcinoma | 
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OBJECTIVES: The purpose of our study was to determine if frozen section accurately identifies certain 
poor prognostic pathologic factors in endometrial carcinoma that are known to be associated with pelvic 
and paraaortic nodal metastasis, including deep myometrial invasion, poorly differentiated tumor, cervical 


invasion, adnexal involvement, and poor histologic type. 


STUDY DESIGN: The frozen-section pathologic results of 199 patients with clinical stage | and i 
endometrial cancer were retrospectively compared with permanent-section pathologic findings. 

RESULTS: The depth of myometrial invasion (superficial third vs deep two thirds) was accurately, 
determined by frozen-section diagnosis at surgery in 181 of 199 cases (91.0%). The sensitivity of 
frozen-section diagnosis for deep myometrial invasion was 82. 7%, and the specificity was 89.1%. The 
following tumor characteristics were accurately determined on frozen section at surgery: poorly 
differentiated tumor (95.0%), cervical invasion (94.0%), adnexal involvement (98.5%), and histologic type 
(94.0%). Frozen section -underestimated deep myometrial invasion in 17.3% of patients with this 
characteristic and poorly differentiated tumor in 26.8% when compared with permanent-section diagnosis. 
In patients with unfavorable histologic types, papillary serous and adenosquamous carcinomas were the 
most commonly misdiagnosed histologic types by frozen section at surgery (70.6%). However, when the 
preoperative curettage pathologic findings were included, these inaccuracies in tumor grade and histologic 
_ type dropped to 15.8% and 35.3%, respectively. Only 13.of 199 patients (6.5%) were not a 
identified by frozen section at surgery as having poor prognostic pathologic features. 
CONCLUSION: Frozen section diagnosis at surgery is an important procedure that enables the surgeon to 
identify patients at high risk for pelvic and paraaortic nodal metastasis. (AM J OBSTET GYNECOL 


1992;166:1335-8.) 


Key words: Frozen section, endometrial carcinoma, surgical pathology 


In the last four decades endometrial carcinoma has 
become the nation’s most common invasive malignant 
tumor of the female genital tract. Approximately 
33,000 new cases with 5500 deaths are estimated for 
1991 in the United States.’ The combination of total 
abdominal hysterectomy and bilateral salpingo-oopho- 


~ rectomy is the most common treatment of endometrial . 
carcinoma. Pelvic and paraaortic nodal involvement is - 
associated with certain pathologic findings, including 


deep myometrial invasion, poorly differentiated tumor, 
cervical invasion, adnexal involvement, and certain 
poor histologic types.* Postoperative adjuvant radio- 
therapy is usually recommended for patients with these 
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unfavorable prognostic factors.** The factors that af- 
fect the prognosis and treatment of endometrial car- 


cinoma, including the depth of myometrial invasion, ` 


' cervical invasion, adnexal involvement, and retroperi- 


toneal lymph node metastasis, cannot be evaluated clin- 


ically before surgery or by fractional curettage., Fur- 


thermore, preoperative clinical staging differs from 
surgical staging in 20% to 50% of cases.** Because of 


_ the prognostic importance of operative pathologic find- 
ings, in 1988 the Oncology Committee of the Inter- 


national Federation of Gynecology and Obstetrics 
adopted a surgical staging method for endometrial car- 
cinoma. Intraoperative determination of the presence 
of poor prognostic factors may identify those pa- 
tients at high risk ‘for pelvic and paraaortic nodal in- 
volvement. 

We retrospectively reviewed 199 cases of endometrial 
carcinoma to determine the accuracy of frozen section 
by comparing the frozen-section diagnosis with the per- 
manent-section diagnosis. The preoperative curettage 


‘results were then combined with frozen-section find- 


ings to assess their effect on the accuracy of identifying 
these poor prognostic pathologic features. 
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Table I. Correlation of depth.of myometrial invasion between frozen-section diagnosis and 


permanent-section diagnosis 


Frozen-section diagnosis 


No tnvasion 23 
Inner third 2 
Middle third 0 
Outer third 0 


*Clinically important errors of frozen-section diagnosis. 


Material and methods 


Five hundred forty-one patients with clinical stage I 
and II endometrial carcinoma were treated at The Uni- 
versity of Massachusetts Medical Center (n = 368) and 
Saint Vincent’s Hospital (n = 173), from January 1983 
to March 1991. Excluded from analysis were patienis 
who were treated with radiation alone, who were found 
at surgery to have extrapelvic disease, who did not hare 
frozen sections performed at the time of surgery, or 
who were referred after hysterectomy; thus 199 cas2s 
were available for review. The depth of myometrial 
invasion, tumor grade, cervical invasion, adnexal in- 
volvement, and histologic type were determined by fro- 
zen-section diagnosis at surgery. Immediately on its re- 
ceipt at the frozen-section laboratory, the uterus was 
opened and the endometrial surface was examined for 
irregularities of contour and. cclor. Transverse, full- 
thickness slices were made through the wall of the 
uterus at 2 to 3 mm intervals for gross inspection. Fro- 
zen sections were performed or. the areas of deepest 
tumor extension selected by gross examination. Frozen 
sections were also performed on the endocervix in pa- 
tients with a prior positive endocervical curettage oz if 
indicated by gross pathologic findings. The number of 
frozen sections per uterus varied from one to four ac- 
cording to the gross findings. Care was taken to include 
both the endometrial surface and the serosal surface 
in each frozen section. Occasionally, because of the 
marked thickness of the uterine wall two contiguous 
sections were required to include both inner and outer 
surfaces. Frozen and permanent sections were com- 
. pared with respect to depth of myometrial invasion, 
tumor grade, cervical invasion, adnexal involvement, 
and histologic type. Curettage specimens were reviewed 
for tumor grade and histologic type. Statistical ana_ysis 
was performed with the Mehta exact test for homo- 
geneity on Egret software (Statistics and Epidemio.ogy 
Research Corp., Seattle).’ 


Results 


Among the 199 study patients, disease was classified 
as clinical stage I in 164 (82.4%) and as clinical stage 
II in 35 (17.6%). The patient’s ages ranged from 25 to 
86 years with a median age of 61.7 years. One hundred 


Permanent-section diagnastis 


Outer third 


17 a O* 
J2 ue 37 
4* 32 21 
0 10 14 


three of the patients (51.8%) had one or more of the 
poor prognostic pathologic features. : 

The depth of myometrial invasion (superficial third 
versus deep two thirds) was accurately diagnosed by 
frozen section at surgery in 181 of 199 patients (91.0%). 
In 14 patients deep myometrial invasion was missed 
(middle third invasion, n = 11; deep third invasion, 
n = 3). In four patients deep myometrial invasion was 
overdiagnosed (middle-third invasion, n = 4) (Table I). 
The sensitivity of frozen-section diagnosis for deep 
myometrial invasion was 82.7% and the specificity was 
89.1%. The accuracy was similar for clinical stage I and 
stage II cases: stage I, 148 of 164 (90.2%); stage II, 33 
of 35 (94.3%). When analyzed by tumor grade, the 
accuracy of the depth of myometrial invasion by frozen- 
section diagnosis increased as the tumor grade became 
more poorly differentiated. The depth of invasion was 
accurately determined in 88.5%, 91.0%, and 95.3% of 
grades 1, 2, and 3, respectively. However, this differ- 
ence was not statistically significant (p = 0.258). 

The presence or absence of poorly differentiated tu- 
mor was correctly determined by frozen section at sur- 
gery in 189 of 199 patients (95.0%). Individual tumor 
grades were accurately diagnosed on frozen section in 
grade 1, 2, and 3 tumors in 61 of 80 (76.3%). 44 of 73 
(60.3%), and 28 of 38 (73.7%) patients, respectively. 
Poorly differentiated tumor was overdiagnosed in two 
patients and missed in 10 patients (Table II). When the 
curettage pathologic results were combined with the 
frozen-section diagnosis, the frequency of undiagnosed 
poorly differentiated tumor decreased from 26.3% to 
15.8%. 

The presence or absence of cervical invasion was cor- 
rectly diagnosed by frozen section at surgery in 187 of 
199 patients (94.0%). Thirty-two patients with clinical 
stage I disease (19.5%) were found to have cervical 
invasion (surgical stage II). This was correctly identified 
on frozen section at surgery in 71.9% of cases. Of 35 
patients with clinical stage I1, cervical invasion was di- 
agnosed on permanent section in 19. In 16 of these 
patients (84.2%) the stage of disease was correctly di- 
agnosed by frozen section. l 

The presence or absence of adnexal involvement was 
correctly diagnosed by frozen section in 196 of 199 


Volume 166 x 
Number 5- l 


. Accuracy of frozen-section diagnosis in endometrial carcinoma 1337 


Table II. Correlation of tumor grade between frozen- section diagnosis, and permanent-section ‘diagnosis i in 


199 patients with stage I and II endometrial carcinoma — 


Frozen-section diagnosis 


No tumor 8 
“J 0- 
2 0. 
3 i . Q ` 





patients (98.5%). Twenty-one patients (13.8%) with 
clinica] stage I and II disease. had adnexal involvement 
on permanent section; in 18 (85.7%) of these were de- 
tected by frozen section. 

Frozen section correctly diagnosed the histologic type 
in 187 of 199 patients (94.0%). Papillary serous and 
adenosquamous cell carcinoma were the most common 
histologic types that were inaccurately diagnosed by 
frozen section (70.6% of cases). However, when the 
curettage histologic diagnosis was included, the inac- 


~ curacy dropped to 35.3%. Among eight patients with- 


papillary serous carcinoma only three had frozen sec- 
tion at surgery demonstrating.a serous histologic type. 
The addition of curettage histologic results identified 
75.0% of cases. 

Overall, in 186 of 199 patients (93.5%), che’ correct 
diagnosis was made by frozen section at surgery with 
respect to the status of poor, prognostic factors. Thir- 
teen-of 103 patients (12.6%) had poor. prognostic fac- 
tors that were not identified at frozen section; 10 had 
deep myometrial invasion, two had poorly differen- 
tiated tumor, and one had a papillary serous histologic 


type. 


Comment 


Ini the current study we compared frozen-section 
with permanent-section pathologic diagnoses in pa- 
tients with clinical stage I and II endometrial carci- 
noma. The goal of frozen section is to identify patients 
at high risk for pelvic and paraaortic nodal metastasis. 
Five poor pathologic prognostic factors were evaluated: 
deep myometrial invasion, poorly differentiated tumor, 
cervical invasion, adnexal involvement, and certain his- 
tologic types. Previous studies have included only pa- 
tients with clinical stage I disease. However, the en- 
docervical curettage frequently gives false-positive re- 
sults; therefore patients with clinical stage IJ disease 
were included-in this analysis.* 

In clinical stage I and II endometrial carcinoma, fro- 
zen section at surgery correctly diagnosed deep myo- 
metrial invasion in 91.0%. Malviya et al.° reported that 
frozen section accurately predicted the depth of myo- 
metrial invasion in 96.5% of 55 patients with clinical 
stage I endometrial carcinoma. Similarly, Fanning et 


al.,!° studying frozen section in 216 cases of clinical 


Permanent-section diagnosis 


Grade 3 


14 o 5. 0 
6l 22 0 
5 44 10 
0 2 28 


stage I endometrial carcinoma, reported an accuracy 
for the depth of invasion of 95.0%. Although our data 
are similar to the previous reports, the accuracy is 
slightly less. One possible explanation for this may be 
the fact that multiple pathologists cover the frozen- 
section service in our hospitals in contrast to a single 


gynecologic pathology specialist. 


In this study the accuracy was slightly greater for 


clinical stage II and cases with grade 3 curettage his- 


tologic results. Creasman et al.” reported that as tumor 
grade becomes less differentiated there is a greater ten- 
dency for deep myometrial invasion. These findings 
are consistent with an increased accuracy of frozen- 
section diagnosis at surgery in patients with more ex- 


. tensive uterine disease. However, Goff and Rice,” 


studying gross examination for determining the depth 


` of myometrial invasion, reported a decrease in sensi- 


tivity as the grade of tumor increased. 

Frozen section at surgery correctly diagnosed the 
presence of poorly differentiated tumor in 95.0% of 
cases of clinical stage I and II endometrial carcinoma. 
The previous reports by Malviya et al.° and Fanning et 
al. in clinical stage I endometrial carcinoma were very 
similar (94.5% and 96.0%, respectively). The separation 
into three tumor grades by frozen section is less ac- 
curate than simply the detection of the presence of 
poorly differentiated tumor. 

Frozen section at surgery accurately diagnosed the 


presence of cervical invasion in 94.0%. Fanning et al." 
-reported that cervical invasion was accurately diag- 


nosed in 96.0% by intraoperative frozen section in clin- 
ical stage I endometrial carcinoma. In contrast, Malviya 


et al.” reported that frozen section at primary surgery 


predicted cervical invasion in only 66.0% of cases of 
clinical stage I endometrial carcinoma. 

In our study frozen section at surgery-accurately di- 
agnosed the presence of adnexal involvement in 98.5%. 
Fanning et al.!° reported an accuracy of 98.0% for ad- 


_. nexal involvement detected by intraoperative frozen 


section in clinical stage I endometrial carcinoma. 

At surgery the correct histologic type was diagnosed 
in 94.0% of cases by frozen section, and papillary serous 
and adenosquamous carcinomas were the histologic 
types that were frequently misdiagnosed. Fanning et 


al.” reported that histologic type was accurately diag- 
` i n 
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nosed by intraoperative frozen section in 90.0%. They 
also reported that adenosquamous carcinoma was the 
most common histologic type inaccurately diagrosed 
by intraoperative frozen section. However, in the cur- 
rent report the sensitivity for certain unfavorable his- 
tologic types increased from 29.4% to 64.7% when cu- 
rettage pathologic findings were included. 

Gross examination of the uterus for determinétion 
of deep myometrial invasion instead of frozen-section 
pathologic analysis has been reported by previous au- 
thors.’ * However, the sensitivity of this procedure is 
only 71.0%, which is significantly less accurate than 
frozen-section diagnosis at surgery.” 

Alternatively, other clinical studies may be used pre- 
operatively to determine the presence of one or more 
of these poor prognostic findings. Gordon et al. and 
Cacciatore et al. independently reported that the 
depth of myometrial invasion was correctly predicted 
by ultrasonography in 79.0% and 80.0% of clinical stage 
I endometrial carcinomas, resvectively. In a report 
from Obata et al. intrauterine ultrasonography ac- 
curately predicted the depth of myometrial invasior. in 
81.3% of cases of clinical stage I endometrial carci- 
noma. Gordon et al., Hericak ez al., and Chen et al.” 
each reported that in clinical stage I endometrial car- 
cinoma magnetic resonance imaging accurately pre- 
dicted deep myometrial invasion in 71.0%, 82.0%, and 
94.0% of cases, respectively. Even though different im- 
aging techniques (ultrasonography, magnetic reso- 
nance imaging, and intrauterine ultrasonography) are 
able to determine preoperatively the depth of myo- 
metrial invasion, frozen section at surgery is a more 
accurate method. Furthermore, these clinical tech- 
niques are unzble to detect pathologic features such as 
poorly differentiated tumor, certain unfavorable his- 
tologic types, and occult adnexal involvement. 

At our institution, after abdominal exploration, cy- 
tologic sampling, and palpation and removal of suš- 
picious pelvic and paraaortic lymph nodes, an extra- 
fascial hysterectomy and a bilateral salpingo-oophorec- 
tomy are performed. Patients with frozen-section 
diagnosis of no or superficial myometrial invasion, 
grade | or 2 carcinoma, no cervical invasion, and no 
adnexal involvement are considered at low risk for 
nodal metastasis, and lymphadenectomy is not per- 
formed unless the curettage had previously demon- 
strated grade 3 or an unfavorable histologic type. By 
avoiding lymphadenectomy in such patients, the risk 
of operative complications, such as hemorrhage, lym- 
phocyst formation, ureteral and vascular injuries, anc. 
lengthy operating time were reduced. In contrast, pa- 
tients with frozen-section diagnosis of deep myometrial 
invasion, grade 3 carcinoma, cervical invasion, or ad- 
nexal involvement are considered at high risk for me- 
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tastasis to the nodes and selective pelvic and paraaortic 
lymphadenectomy is performed. Failure to perform 
lymphadenectomy in patients at high risk for nodal 
metastasis may result in underdiagnosis of extrauterine 
disease, subsequently leading to inadequate therapy. 
This study confirms the accuracy of frozen section, par- 
ticularly in combination with the curettage findings, in 
delineating a patient group that is at mgA risk for papa 
node metastasis. 
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Hospitalization for pregnancy complications, United States, 


1986 and 1987 


Adele L. Franks, MD, Juliette S. Kendrick, MD, David R. Olson, PhD, 
Hani K. Atrash, MD, MPH, Audrey F. Saftlas, PhD, MPH, and Mary Moien, MS 


Atlanta, Georgia 


OBJECTIVE: The purpose of our analysis was to provide a national overview of the magnitude of the 
public health burden associated with inpatient care for pregnancy complications. 

STUDY DESIGN: We analyzed data from the National Hospital Discharge Survey for 1986 and 1987. We 
calculated ratios of hospitalizations for pregnancy complications for every 100 hospitalizations involving a 
birth. Standard errors for these ratios were calculated with RATIOEST, and relative ratios with 95% 


confidence intervals were calculated for subgroups of interest. 


RESULTS: We found that for every 100 hospitalizations involving a birth, there were 22.2 nondelivery 
hospitalizations for pregnancy complications (14.6 antenatal complications, 7.6 pregnancy loss 
complications). These ratios were higher for black than for white women (relative ratio 1.4, 95% confidence 
interval 1.2 to 1.6). The effects of marital status, age, and insurance coverage differed between black anc 
white women, and mean length of stay was longer for black than for white women. 

CONCLUSION: Hospitalization for pregnancy complications is far more common than is widely 
appreciated and is more frequent among black than white women. (Am J Osstet GYNECOL 1992;166: 


1339-44.) ; : 


Key words: Maternal morbidity, pregnancy complications, hospitalization, race 


Pregnancy is a common condition; in the United 
States there are now approximately 4 million deliver- 
ies,’ 1.35 million induced abortions,’ 88 thousand ec- 
topic pregnancies,’ and, on the basis of recent estimates 
of early pregnancy loss,’ likely many more than 1 mil- 
lion spontaneous abortions—adding up to more than 
6 million pregnancies per year. Yet there is insufficient 
information on: the epidemiologic characteristics of 
pregnancy complications or on the magnitude of the 
public health burden they create. We lack knowledge 
about which complications of pregnancy cause the most 
morbidity and about what characteristics of women or 
their health care’are associated with higher risks of 
complications. This article provides an overview of 
pregnancy complications involving hospitalization in 
the United States. 


Methods 


We analyzed data collected by the National Center 
for Health Statistics by means of the annual National 
Hospital Discharge Survey. The design and methods 
of the National Hospital Discharge Survey have been 
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previously published.° The survey uses a sample of non- 
federal, short-stay hospitals in the United States, strat- 
ified by geographic location and hospital size. From 
approximately 400 participating hospitals, a sample of 
approximately 200,000 inpatient records are selected 
each year and weighted to represent >30 million hos- 
pitalizations nationally. From each selected record, in- 
formation on patient characteristics, medical diagnoses, 
and surgical procedures is abstracted from the face 
sheet of the hospital chart. As many as seven discharge 
diagnoses and four procedures are coded according to 
the International Classification of Diseases, Ninth Re- 
vision, Clinical Modification.® 

We based our analysis on hospitalizations of women 
with complications of pregnancy occurring from 1986 
through 1987, the most.recent years for which data 
were available. It was necessary to combine 2 years of 
data to provide a sufficient number of black women for 
race-specific analyses. Because there were insufficient 
numbers of women of other races, we restricted race- 
specific analyses to white and black women. Indi- 
vidual women could have been hospitalized more 
than once during a pregnancy; it is therefore pos- 
sible that for some women more than one hospitaliza- 
tion could be represented in our analysis. Therefore 
this report is based on hospitalization episodes rather 
than on individual women. The numbers of hospital- 
izations are rounded to the nearest hundred for pre- 
sentation. 

We selected for analysis hospitalizations in which In- 
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Table I. Number* of pregnancy-related hospitalizations, type and year, 1986 and 1987 National Hospital 


_ Discharge Survey 


_ Hospitalization type 





Antenatal 533,900 
Pregnancy loss, - $02,5C0 
Delivery 3,760,060 


*Rounded to nearest hundred. z 


ternational Classification of Diseases, Ninth Revision, 
Clinical Modification codes 630.0'through 676.9 (com- 


plications of pregnancy, childbirth, and puerperium)’. 


or V27.0 through V27.9 (outcomes of delivery) ap- 
peared as diagnoses. There were 9,516,000 hospital- 
izations with these'codes in 1986 through 1987. 


Our primary interest was hospitalizations during ` 


pregnancy that were not associated with induced abor- 


tion or delivery. Because hospitalizations that included : 


an induced abortion or delivery could have incidental 


complications diagnosed that alone would not requ:re ` 


hespitalization, including them would lead to overes- 
timating the number of hospitalizations required for 
pregnancy complications. Therefore we excluded hos- 


pitalizations that (1) occurred postpartum (62,400), (2). 


involved an induced abortion (87,300), and (3) included 
a delivery (7,667,500). These exclusions left roughly 
1,698,000 nondelivery hospitalizations related to com- 
_ plications of pregnancy for our analysis. We used tke 
delivery hospitalizations to > calculate a hospitalization 
ratio (as described later). 

We divided the nondelivery hospitalizations into two 
main categories for analysis: antenatal hospitalizations 
and hospitalizations related to pregnancy loss. Ante- 
natal hospitalizations were those in which a woman en- 
tered the hospital with a complication of pregnancy and 
was still pregnant when she was discharged. Hospital- 
_ izations: related to pregnancy loss were those in which 
a woman experienced a complication of pregnancy anc 
left the hospital no longer pregnant and without deliv- 
ering a live or stillborn fetus (provided that no induced 
abortion procceune. was performed during the hospital 
stay}. 

We used information gathered at the time of admis- 
sion to classify patients according to whether they had 


private health insurance. Those whose expected source — 


of hospital payment consisted of any form of private 
or commercial insurance were considered to, have pri- 
vate insurance, whereas those with expected govern- 
ment reimbursement or self-payment were considered 
not to have private insurance. Those with other des- 
ignations. (<5% of records) were excluded from this 
classification. 

We examined disease burden as a ratio SOF hospital- 
izations for pregnancy complications per 100 hospital- 
` izations involving delivery of a stillborn or live in- 


583,400 1,117,300 
278,600 581,100 
3,907,500 


7,667,500 


fant. Standard errors for ratios were calculated with 
RATIOEST,’ a statistical procedure that takes into ac- 
count the design features of complex multistage sur- 
veys such as the National Hospital Discharge Survey. 
Relative ratios were calculated to compare the ratios of | 
particular subgroups, and 95% confidence intervals for - 
these relative measures were calculated with the Taylor - 
series linearization method.’ All significantly elevated 
or reduced relative ratios were directly standardized in 
a univariate fashion for every other significant factor, 
to the distribution of that characteristic among all de- 
liveries. The only standardized measures that differed 
from the nonstandardized did so in a direction further . 
from the null. Therefore for statistical purposes the 


nonstandardized ratios are reported here; in a few in- 


stances these represent a slight underestimate of the 
true effect. l 
Mean length of stay and its standard error was cal- 


culated for each race with SESUDAAN ? We used the 


t test to evaluate differences in mean length of stay 
between races. 


Results j 

In 1986 and 1987 there were an average of 849,200 
pregnancy-related hospitalizations per year that did not 
involve a delivery, an induced abortion procedure, or | 
a postpartum diagnosis; this yielded an overall ratio of 
22.2 hospitalizations for pregnancy complications per 
100 delivery hospitalizations, 14.5 antenatal hospital- 
izations and 7.6 pregnancy loss hospitalizations per 100 
deliveries (Table 1). Black women had a 40% higher 
ratio of hospitalizations (both antenatal and pregnancy 
loss) per 100 deliveries than did whité women (Table 
II). Other demographic risk factors analyzed: appeared 
to show different patterns between black and white 
women as well. Therefore we stratified all further anal- 
yses by race. 

Antenatal hospitalization. Table III presents ante- 
natal hospitalization ratios by selected characteristics. 
The ratios varied with age and race; for white women 
the ratio decreased with age whereas for black women 
the trend was in the opposite direction. Among the 
women for whom marital status was known, 20.5% of 
white women and 64.3% of black women were unmar- 
ried at the time of hospitalization. The antenatal hos- 
pitalization ratio was significantly higher among un- 
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Table II. Hospitalization for pregnancy complications by type and race, 1986 and 1987 National Hospital 
Discharge Survey 





hospitalizations” delrveriest Ratiof. Relative ratio 95% Confidence interval 
Antenatal 
White 682,500 4,907,300 13.9 1.0 Referent 
Black 215,300 1,108,600 19.4 1.4 1.2-1.6 
Pregnancy loss . ' 
White 368,800 4,907,300 7.5 1.0 Referent 
Black 117,900 1,108,600. 10.6 i 1.4 1.2-1.6 


*Not shown are data from 219,900 hospitalizations with unknown race and 94,000 of “other” race. 
*Not shown are data from 1,136,100 deliveries with unknown race and 515,500 of “other” race. 
Number of hospitalizations per 100 deliveries. 


Table III. Antenatal hospitalization by race, 1986 and 1987 National Hospital Discharge Survey 


i 





l 95% 95% | 
No. of Relative | Confidence - No. of Relative | Confidence 
hospitalizations interval hospiiatizations Z interval 
Age* et, 
15-19 yr 105,800 20.7 1.8 1.4-2.2 42,700 17.7 0.7 0.5-0.9 
20-34 yr 530,900 13.3 1.1 0.9-1.4 156,409 19.6 0.8 0.5-1.0 
35-44 yr 42 400 11.6 1.0 Referent 12,700 25.4 1.0 Referent 
Marital statust 
Married 398,600 12.2 1.0 Referent 63,000 18.9 1.0 Referent 
Unmarried 134,900 19.5 1.6 1.3-1.9 113,490 19.1 1.0 0.8-1.3 
Private insurancet 
Yes 418,200 12.5 1.0 Referent 69,900 18.1 1.0 Referent 
No 240,500 17.6 1.4 1.1-1.7 136,460 | 20.6 i. 0.9-1.4 


*Excluded are 2000 hospitalizations of white women and 900 hospitalizations of black women with age unknown and 1400 
hospitalizations of white women and 2500 of black women with age <15 or >44 years. 


tExcluded are 148,900 hospitalizations of white women and 38,900 hospitalizations of black women with marital status unstated. 
¢Excluded are 23,800 hospitalizations of white women and 9000 hospitalizations of black women with unclassifiable insurance 


status. 


married than among married white women. Marital 
status was not a differentiating factor among black 
women. Similarly, among the women for whom health 
insurance status was classifiable, 36.5% of white women 
and 66.1% of black women were uninsured. The an- 
tenatal hospitalization ratio was significantly increased 
among uninsured white women but not among unin- 
sured black women. : 

The most prevalent among all listed diagnoses were 
preterm labor (344,000), genitourinary infection 
(112,600), early pregnancy hemorrhage (102,000), ex- 
cessive vomiting during pregnancy (96,600), preg- 
nancy-induced hypertension (76,100), and diabetes 
mellitus (62,200). Fig. 1 shows the proportion of all 
antenatal hospitalizations that included these diagno- 
ses. Among these diagnoses, the mean length of stay 
was longest for diabetes mellitus (4.4 days for whites, 
5.5 days for blacks) and shortest fer preterm labor (1.8 
for whites, 2.4 for blacks). For all antenatal diagnoses 
combined the mean length of stay for blacks was 3.3 
days, significantly longer than the 2.5 days for whites 


(p < 0.01). Overall, antenatal ara ac- 
counted for 2,948,700 hospital days for the period 1986 
through 1987. 

Pregnancy loss hospitalizations. Table IV presents 


- pregnancy loss hospitalization ratios by selected char- 


acteristics. In general, the ratios increased with age for 
both whites and blacks. For white women the ratio was 
increased among the unmarried, whereas for black 
women marital status was not a differentiating factor. 

The most prevalent among all listed diagnoses were 
spontaneous abortion (138,400), ectopic pregnancy 
(137,700), unspecified abortion (135 ,100), and missed 
abortion (51,780). Fig. 2 shows the proportion of all 
pregnancy loss hospitalizations that included these di- 
agnoses. The mean length of stay was longest for ec- 
topic pregnancy (3.6 days for whites and 4.7 days for 
blacks). For all pregnancy loss diagnoses combined, the 
mean length of stay for blacks was 2.7 days, significantly 
longer than the 1.9 days for whites (p < 0.01). Overall, 
pregnancy loss hospitalizations during the 2-year pe- 
riod accounted for 1,199,500 hospital days. 
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Fig. 1. Percentage of antenatal hospitalizations with leading diagnoses. PTL, Preterm labor; GU, 
genitourinary infection; DM, diabetes mellitus; VOM, vomiting; PIH, pregnancy-induced hyperten- 
sion, HEM, early pregnancy hemorrhage. See text for explanation. 


Table IV. een’ loss kosia by race, 1986 and 1987 National Hospital Discharge Survey 


White 


| 95% 95% 
No. of Relative | Confidence No. of Relative | Confidence 
_ | hospitalizations | Ralio: raito interval h dalini Ratio ratio interval 


Age*. 
15-19 yr 37,000 732 1.0 
20-34 yr 282,500 Gl 1.0 
35-44.yr 46,500 127 1.8 
Marital statust l 
Married 203,700 ' 6.2 1.0 
Unmarried 83,500 12,1 1.9 
Private insurance 
Yes 254,700 7.6 1.0 
No =- 103,900 7.6 1.0 


Black 


Referent 16,600 1.0 Referent 
0.8-1.2 87,800 i o 1.6 1.1-2.1 
1.3-2.3 11,200 22.4 3.3 1.9-4.6 

Referent 33,200 9.9 1.0 Referent 
1.5-2.3 65,100 11.0 i, 0.9-1.4 

Referent 49,000 12.7 1.0 Referent 
0.8-1.2 63,600 9.6 0.8 0.6-0.9 


*Excluded are 1600 hospitalizations of white women and 1100 hospitalizations of black women with age unknown and 1200 
hospitalizations of white women and 1300 of black women with age <15 or >44 years. 


tExcluded are 81,700 hospitalizations of white women and 19,600 hospitalizations of black women with marital status unstated. 
Excluded are 10,200 hospitalizations of white women and 5300 hospitalizations of black women with unclassifiable insurance 


status. 


Comment 


For the period .1986 through 1987 there were ap- 
proximately 850.000 hospitalizations each year to man- 
age pregnancy complications independent of a delivery, 
an induced abortion procedure, or a postpartum con- 
dition. For every 100 delivery hospitalizations there 
were over 22 hospitalizations for pregnancy compli- 
cations. We consider this an underestimate of the actual 
magnitude of the problem of hospitalization for preg- 


nancy morbidity, because many deliveries occur during 
hospitalizations involving unsuccessful or extended 
managment of complications (e:g., preterm labor, preg- 
nancy-induced hypertension). As described above, 
these hospitalizations were excluded from the numer- 
ator in our analysis to avoid counting incidental com- 
plications that alone would not have required hospi- 
talization. : 

Both for hospitalization for antenatal conditions and 
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. White 
HB Black 


< Diagnosis | 


Fig. 2. Percentage of pregnancy loss hospitalizations with leading diagnoses. SPON AB, Spontaneous 
abortion; UNSPEC AB, unspecified abortion; ECTOPIC, ectopic pregnancy; MISSED AB, missed 


abortion. See text for explanation. 


for pregnancy loss management, blacks had a 40% 
greater ratio of hospitalizations per 100 deliveries than 
` did whites. Potential explanations fcr this race differ- 
ence include greater incidence of pregnancy compli- 
cations among blacks, greater likelihood of inpatient 
versus outpatient care, greater likelihood of multiple 
. hospitalizations during pregnancy, or greater severity 
of clinical presentation. The latter two hypotheses are 
consistent.with the fact that black women tend to receive 
less adequate prenatal care than white women.'*” The 
reasons for this racial discrepancy are subject to much 
debate and include the possibility of less access to care, 
negative attitudes toward the medical care system, and 
other barriers to care.’* '* Lacking the availability of a 
trusted health professional to consult about problems, 
black women may be more likely to defer care until 
symptoms become severe enough to demand imme- 
diate attention. Moreover, the quality of care and the 
likelihood of medical intervention received by blacks is 
known to differ from that received by whites in several 
areas, including cardiology, renal transplantation, and 
general internal medicine.'**' If less intervention -oc- 
curs as well for blacks in prenatal care, problems may 
be more likely to progress to a later stage, requiring 
hospitalization, perhaps repeatedly. 

At the extremes of severity, if black women are seen 


with more advanced pregnancy complications than | 


white women, it would be expected that a greater pro- 


portion of black women would undergo delivery as the 
only recourse for treatment of advanced stages of con- 
ditions such as preterm labor or pregnancy-induced 
hypertension. If such were the case, our finding of an 
elevated antenatal hospitalization ratio among black 
women would represent an underestimate of the actual 
race difference, because delivery hospitalizations were 
excluded from the numerator in our analyses for rea- 
sons given above. 

The fact that being unmarried was associated with 
higher antenatal and pregnancy loss hospitalization ra- 
tios for white women but not black women is not sur- 
prising. Among white women pregnancy in the social 
setting of being unmarried may be associated with sub- 
stantial social problems that affect both interaction with 
the health care system and the presence of risk factors 
for complications. Among black women, marital status | 
may not be a similar indicator of social circumstances, 
because the majority of births to black women occur 
among those who are unmarried”; thus pregnancy out- 
side of marriage may not serve as a marker of special 
risk status among black women. . 

The discrepant findings regarding the association of 
health insurance with antenatal hospitalization ratios 
for black and white women may have a similar expla- 
nation. Although most white women have private 
health insurance, the reverse is true for black women. 
Thus the lack of health insurance may be a marker for 
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adverse social circumstances among white women, al- 
though not providing such a marker of special risk 
status among black women. It should be noted that the 
hospitalization ratios for insured and uninsured black 


women were each higher than the ratio for uninsured . 


white women. 

‘The limitations of using hospital discharge data for 
epidemiologic studies are well known. Differentiating 
multiple admissions of the same patient from hcspi- 
talizations. of different individuals is often impossible 
because personal identifying information is not avail- 
able. For this reason we are unable to determine 
whether the race difference in hospitalization ‘ratios is 
attributable to a different frequency of multiple hos- 
pitalizations for the same women or to different hos- 
pitalization rates in pregnancy. However, at least in thë 
case of the race difference in pregnancy loss hospital- 
izations, multiple admissions are an unlikely explana- 
tion; these conditions are almost always one-time events 
within a single pregnancy. 

The paucity of information in hospital discharge data 
also limits their utility. Information on pregnancy his- 
tory, income, education, occupation, life stresses, dis- 
ease severity, adequacy of prenatal care, and nature of 
attempted outpatient management are of great impor- 
tance for understanding hospitalization for complica- 
tions of pregnancy, but these data were not available. 

Nonetheless, existing hospital discharge data aré use- 
ful for quantifying the magnitude of the public health 
burden of certain types of health problems, for drawing 
attention to the importance of more detailed research, 
and for providing some direction for future studies. 
This analysis provides an overview of the considerable 
burden of pregnancy morbidity on hospital services. 
Pregnancy complications required, on average, over 
two million hospital days of care per year in 1986 and 
1987 and cost over one billion dollars per year in hos- 
pital charges alone (on the basis of an average hospital 
cost of $520 per day” 34). Needless to say, even our 
surprisingly high estimates give only an indirect indi- 
cation of the burden of hospitalization on women and 
their families in terms of loss of productive days, family 
disruption, emotional anguish, and financial strain. 


We thank Evelyn Finch for her invaluable assistance 
in data management throughout the course of this anal- 
ysis and Andrew Friede, MD, MPH, for his early con- 
ceptual contributions to this STEN 
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-Buserelin acetate versus expectant management in the 


treatment of infertility associated with minimal or mild 


endometriosis: A randomized clinical trial 


Luigi Fedele, MD, Fabio Parazzini MD, Enrico Radici, MD, Luca Bocciolone, MD,*° 
Stefano Bianchi, MD, Cosetta Bianchi, ScD,” and Giovanni Battista Candiani, MD” 


Milan and Bergamo, Italy 


OBJECTIVE: We performed a randomized clinical trial to evaluate the efficacy of intranasal 400 pg 
buserelin three times daily for 6 months versus expectant management in the treatment of infertile women 
with pelvic endometriosis stage | or II of the revised American Fertility Society classification. 

STUDY DESIGN: Seventy-one consecutive patients (mean age 32 years) were studied at the First 
Department of Obstetrics and Gynecology, University of Milan, and the Department of Obstetrics and 
Gynecology, Ospedali Riuniti, Bergamo, between February 1988 and June 1989. Thirty-five women were 
randomly allocated to buserelin treatment and 36 to expectant management. The baseline distribution of 
subjects for age, disease stage, and reproductive history was similar in the two groups. All patients were 
followed regularly; median follow-up was 17 months in the buserelin group and 18 months in the women 
given expectant management. If pregnancy did not occur within 12 months of randomization, cycles were 
monitored by ultrasonography and hormone measurements, and when abnormalities were detected 
clomiphene citrate and human chorionic gonadotropin were administered. | 
RESULTS: A total of 17 pregnancies were observed both in the buserelin-treated patients and in the 
expectant management group. The 1- and 2-year actuarial overall pregnancy rates were similar in the two 
groups, 30% and 61% in the former and 37% and 61% in the latter group, respectively. Spontaneous 
abortion occurred in five of the 17 pregnancies in the women treated with buserelin and in one of the 17 in 
those managed expectantly; this difference was, however, not statistically significant (xî adjusted for 
disease stage and use of clomiphene citrate and human chorionic gonadotropin treatment = 3.01, 


p = 0.08). No fetal death or stillbirth was observed. 


CONCLUSIONS: Our findings suggest that treatment with gonadotropin- -releasing hormone agonists is 
unlikely to have a marked influence on the reproductive outcome of infertile women with minimal or mild 


endometriosis. (Am J OBSTET GYNECOL 1992;166:1345-50.) 


Key words: Buserelin acetate, infertility, endometriosis 


Pelvic endometriosis 1s a common gynecologic dis- 
ease. Because it is often found in patients with otherwise 
unexplained infertility, it has been commonly impli- 
cated as a cause of infertility. Surgical ablation of endo- 
metriotic lesions is the most widely performed therapy 
in advanced stages, but in minimal and mild endome- 
triosis the usual therapeutic approach is laser vaporiza- 
tion of the lesion or pharmacologic suppression of ovar- 
ian activity. Currently, four basic hormonal regimens 
are available: danazol, progestins, gestrinone, and go- 
nadotropin-releasing hormone (GnRH) agonists. 
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In spite of the large amount of published clinical 
data, there is still considerable uncertainty regarding 
the efficacy of these hormonal treatments for increas- 
ing conception rates in early endometriosis." * Pub- 
lished series were generally small and subjects had dif- 
ferent stages of the disease. Furthermore few random- 
ized trials included untreated or placebo controls. In 
particular few data are available on the role of GnRH 
agonists to improve reproductive prognosis in infertile 
women with minimal or mild pelvic endometriosis. 

In this paper we report the results of a randomized 
clinical trial comparing the efficacy of buserelin versus 
expectant management in the treatment of infertile 
women with pelvic endometriosis stage I or II of the 
revised American Fertility Society classification.” 


Subjects and methods 


Eligible patients were women aged <38 years who 
were trying to conceive and hed a laparoscopically con- 


firmed diagnosis of minimal or mild endometriosis © 
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Fig. 1. Overall 24-month probability of becoming pregnant in 71 subjects with minimal or mild 


endometriosis according to treatment allocazion, Milan, Italy, 1988 to 1990. 





, Busere!in-treated 


group; ----- , expectant management grou). xj adjusted for stage = 0.69, p = 0.41 for 12-month 


analysis; xj = 0.95, p = 0.33 for 24-month analysis. 


(stage I or II of the revised American Fertility Society 
classification’) and otherwise unexplained infertility of 
22 years. Women were eligible if they had normal r2- 
sults on standard medical and gynecologic examinaticn 
and hysterosalpingogram, luteal-phase endometrial ti- 
opsy, hormone profile (two follicle-stimulating hov- 
mone, luteinizing hormone, and estradiol assays in the 
follicular phase and three progesterone and prolactin 
assays in the luteal phase), and postcoital test. Further, 
all partners had two semen analyses to exclude severe 
dyspermia (>10 x 10° sperm per milliliter, quantity 
>1.5 ml, >30% progressive motility at the third hour, 
>30% typical forms, absence of agglutination, and leu- 
kocyte count <2,000,000 ml). Women with a previous 
clinical or laparoscopic-laparotomic diagnosis of en- 
dometriosis or with any other disease that might af- 
fect fertility (for example, uterine malformation or 
uterine myomas) were specifically excluded from the 
trial. No women had had previous therapy for endo- 
metriosis or infertility. The investigators obtained ap- 
proval of the protocol from their institutional review 


board, and each patient gave informed consent. Four 


eligible women refused to enter the study. 


i 


A total of 71 consecutive women observed between 
February 1988 and June 1989 at the First Department 
of Obstetrics and Gynecology, University of Milan, and 
Department of Obstetrics and Gynecology of Ospedali 
Riuniti, Bergamo, entered the study. The diagnostic 
laparoscopy was performed under the supervision of 
L.F. for cases diagnosed in Milan and E.R. for those 
diagnosed in Bergamo. 

Patients were assigned by phone according to a com- 
puter-generated randomization list tó one of the fol- 
lowing treatments: intranasal buserelin (Suprefact, 
Hoechst, Milan, Italy) 400 wg three times daily for 6 
months (35 subjects) and expectant management (36 
subjects). If dysmenorrhea or pelvic pain occurred, the 
patients were asked to use naprexen sodium as first- 
line treatment. | : 

All patients were examined regularly every 4 months. 
The median follow-up was 17 months for the patients 
who received buserelin and 18 months for those who 
did not. At each follow-up visit a standard gynecologic 
examination was performéd and the occurrence of 
pregnancy recorded. If pregnancy did not occur within 
12 months of randomization, cycles were monitored for 
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Table I. Distribution of 71 infertile women with pelvic endometriosis according to selected characteristics 


and treatment allocation, Milan, Italy, 1988 to 1990 


Buserelin 


Expectant management 


Age (yr) 
<30 10 
30-34 20 
> 34 5 
xi trend 

Disease stage 

2] 

H 14 
xi 

History of spontaneous abortion 
No 33 
Yes 2 
Xi 

Years of infertility 
2 10 


=3 25 
Xi 


two cyles by ultrasonography and hormone measure- 
ments. In 29 women the following abnormalities, ac- 
cording to Eissa et al.,* were detected: luteinized un- 
ruptured follicle cycle (seven cases), luteal phase failure 
(eight cases), and asynchronous follicle cycle (14 cases). 
In all these cases clomiphene citrate, 100 mg/day, was 
given from day 3 to 7 of the cycle, and human chorionic 
gonadotropin (hCG), 10,000 IU, was administered in- 
tramuscularly on the basis of ultrasoncgraphic findings. 
Induction of ovulation was performed until six cycles. 

The present analysis is based on information ob- 
tained until June 1990. The outcome of pregnancy with 
the last menstrual period before June 1990 was checked 
and data on deliveries collected until February 1991. 

Data analysis. We calculated with the actuarial 
method the cumulative proportion of women who be- 
came pregnant, and the curves obtained. were com- 
pared by the log-rank test.° The event data used in the 
computation of the probability of becoming pregnant 
were the date of laparoscopy (1.e., of randomization) 
and the date of the last menstrual period or last follow- 
up visit. 

‘Tests of statistical significance for the differences in 
baseline characteristics of the patients and in the fre- 
quency of spontaneous abortions on the total of ob- 
served pregnancies in relation to treatment allocation 
were based on the usual x? value, comparing observed 
and expected numbers of events with the outcome of 
pregnancy. To allow for the potential confounding ef- 
fect of stage and ovulation-induction treatment on the 
outcome of pregnancy, Mantel-Haenszel procedure 
was used. When indicated, the significance in the linear 
trend was assessed with the Mantel test.’ 


29 i jl 31 

57 18 50 

14 7 19 

0.04 (p = 0.84) 
60 21 58 
40 15 4? 
0.20 (p = 0.65) 

94, 32 89 
6 4 1] 
0.66 ip = 0.42) 

29 8 22 

71 28 78 

0.37 (p = 0.54) 
Resuits 


Table I shows the distribution of the patients ac- 
cording to age, disease stage, history of spontaneous 
abortion, years of infertility, and treatment allocation. 
The distribution for these variables was similar in both 
groups. All patients who entered the study actively tried 
to become pregnant during the study period. All the 
buserelin-treated patients took the drug regularly. 
Amenorrhea was observed in 24 subjects after 1 month 
of treatment and in all cases after 2 months of treat- 
ment. A total of 15 patients in the buserelin (43%) and 
14 in the no-treatment group (39%) received drugs to 
stimulate ovulation (see Subjects and methods). 

A total of 17 pregnancies was observed both in the 
buserelin-treated patients and in the expectant man- 
agement group (Table II). Of tne 34 pregnancies, 13 
(seven in the buserelin and six in the no-treatment 
group) occurred after treatment with clomiphene ci- 
trate and hCG. The mean number of cycles in which 
ovulation was induced in women who conceived after 
the treatment with clomiphene citrate and hCG was 3.8, 
with no important difference between the buserelin- 
treated and the expectant management group. 

“The 12-month (ie. before clomiphene ci- 
trate + hCG therapy) and the 24-month actuarial over- 
all pregnancy rates were, respectively, 30% and 61% in 
the buserelin group and 37% and 61% in the expectant 
management group (xj adjusted for stage = 0.69, 
p = 0.41 for 12-month analysis; xj = 0.95, p = 0.33 
for 24-month analysis; Fig. 1). 

_ Spontaneous abortion occurred in five (29%) of the 

17 pregnancies observed in the duserelin-treated group 
and in one (6%) of the 17 in the expectant management 


` 
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Table IL. number of patients at risk and number of observed pregnancies according to month of follow- -up and 


treatment allocation, Milan, Italy, 1988 to 1990. 


Buserelin 
No. of patients at risk 
(entering interval) 
No. of pregnancies 
observed in interval 
Expectant management 
, No. of patients at risk 
(entering interval) - 
No. of pregnancies 
observed. in interval 


? 


35 35 g9 


36 36 


group, but this difference was not statistically signif- 
cant (xi adjusted for disease stage and use of clomi- 
phene citrate and hCG treatment = 3.01; p = 0.08). 


Comment 


This study shows that in infertile women with min- 
imal or mild endometriosis the short-term reproductive 
outcome was not markedly affected treatment with 
buserelin. 

Before discussing these results, potential biases 
skould be carefully considered. Our study compares 
the reproductive outcome in women treated with bas- 
erelin and untreated controls in a nonblinded way. 
However, this should not represent a problem with ve- 


gard to reproductive prognosis. Considering the fve- 


quency of adverse effects related to GnRH agonist 
treatment, it is, in our opinion, impossible to conduct 
a “true” double-blind trial. As indicated in the data 
analysis section, we computed reproductive rates with 
the date of randomization as an event date. Thus when 
we computed the l-year pregnancy rate patients ran- 
domized to the buserelin group had actually tried to 
conceive for only 6 months (because they were under 


treatment for the first 6 months). We chose to present, 


our results in this way because we think that the 6 
months of treatment during which the patients could 
no: conceive should be considered in an overall risx- 
benefit analysis of the effect of the treatment. In any 
case life-table analysis performed on only the months 
of active attempts at conceiving (ie., considering as 
starting date the date of randomization in the no-treat- 
ment group and the date of stopping treatment in tke 
buserelin group) did not show any statistically signifi- 
cant differences in reproductive outcome at 6 montks 


(daża not shown). With regard to other sources of bias, » 


all randomized patients were regularly observed, com- 
pliance with the study protocol was, generally complete, 


Pee ete Tee 


35 7: 


4 


Month of follow- stip 


l1 
35 35 35 35 35 28 "E 94 
oe eet BS 6 9: l 
81 2 27 25 6 25 25 23 
3 ] T 2 ae oOo o ks 


and the two groups were comparable in terrns of age, 
reproductive history, and disease stage. Another po- 


‘tential limitation of this study is the small sample size 


and hence its low statistical power. However, with this 
sample size we can exclude, at the usual level of a study 
power (B = 0.20), a double reproductive rate in the 


treated versus the not-treated women. 


According to the study protocol, if a patient had not 
become pregnant | year from randomization, shé un- 


 derwent ultrasonography and endocrine monitoring of 


two cycles. When we detected abnormalities of follic- 


ulogenesis or ovulation as in the patterns described by 


Eissa et al.,* the patients were treated with clomiphene 
citrate and hCG. This situation must be considered > 


carefully in interpreting the 2-year pregnancy rates and 


in the generalization of the results of the study. In this 
regard, the observation that ovulation induction im- 
proved fertility rates similarly in both the groups sug- 


gests that previous treatment with a GnRH agonist does 


not affect the efficacy of ovulation induction treatment. 
Of course, this study cannot evaluate the effect of ovu- 
lation induction in improving the prognosis of infertile 


‘endometriotic women. It is conceivable that endome- 


trosis impairs folliculogenesis, and ovulation induction 
may overcome this obstacle, increasing the likelihood ` 
of a pregnancy. . 

In our treated group the abortion rate was greater 


than in the women given expectant management. This 


difference was not statistically significant, and in the 
absence of any biologic explanation it should be largely 


-attributable to chance. 


In spite of these potential limitations this is, to our 
knowledge, the first randomized study reported in the- 
literature that compares GnRH agonist treatment of 
endometriosis-associated infertility with expectant 
management: The fertility rates obtained after buse- 
relin treatment were comparable to those observed in 
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Month of follow-up 


23 23 23 23 29 21 
sats cots = 1 Ss Zx 
22 17 14 13 i 1} 

2 = ] ] = — 


the main clinical studies published so far on the use of 
GnRH agonists in the treatment of endometriosis. In 
a large randomized multicenter study? comparing dan- 
azol, 800 mg/day, and intranasal nafarelin, 400 or 800 
pg/day, for 6 months in 149 infertile women there were 
no statistically significant differences among the 12- 
month pregnancy rates in the three groups. The preg- 
nancy rates were, respectively, 36%, 30%, and 52%. A 
randomized study comparing danazol, 600 mg/day, 
and intranasal buserelin, 1200 ug/day. for 6 months in 
about 60 patients showed 18-month cumulative preg- 
nancy rates of, respectively, 43% and 38%.° The 12- 
month cumulative pregnancy rates in the randomized 
study of Dmowski et al. comparing subcutaneous or 
intranasal buserelin with danazol were 44% and 62%, 
respectively. In an open study performed by Franssen 
et al.!! in which buserelin, 900 g/day, was given for 6 
months the cumulative pregnancy rate after 6 months 
of follow-up was 32% in 22 previously infertile women. 

Until now only four randomized clinical trials!*" 
comparing hormonal treatment with expectant man- 
agement or placebo have had reproductive outcome 
as one of the end points. None of these studies re- 
ported significant differences between the treatment 
groups, which received danazol, gestrinone, or me- 
droxyprogesterone acetate or were not treated. In the 
latter group, the cumulative pregnancy rates at 12 to 
30 months were 24% and 57%, respectively. 

The failure of buserelin treatment, like that of 
other hormonal treatments, to improve the infertility 
associated with minimal and mild endometriosis war- 
rants consideration. First, evidence exists that endo- 
metriotic lesions regress after treatment with GnRH 
agonists,* 1% 1 16 but microscopic examination of the 
apparently cured pelvic areas has demonstrated the 
persistence of ectopic endometrium” and mitotic ac- 
tivity.’ Further, there is no evidence of the presumed 
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relation between minimal and mild endometriosis and 
subfertility.'® 7° 

In conclusion, these results and those of previous 
studies provide evidence that treament with GnRH ag- 
onists is unlikely to have a marked influence on the 
reproductive outcome in infertile women with minimal 
or mild endometriosis. 
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OBJECTIVE:. We wanted to test whether the recently described method of using the transferrin receptor 


-System for fluorescence-activated cell-sorter opueameni of nucleated red blood cells can ke used for 
- prenatal diagnosis from maternal blood. 


STUDY DESIGN: instead of the laborious, expensive fluor2scence- activated cell-sorter svete we used 


_ the newly described magnetic- -activated ceil sorter. 


RESULTS: An effective enrichment could be achieved with separation of lymphocyte subsets. With the 
transferrin receptor, however, the enrichment was very ineficient: because of the poor specificity of the 
antibody itself. Even in umbilical cord blood only 25% of nucleated red blood cells were labeled as 


- demonstrated by immunogold silver enhancement of transferrin receptor—labeled cells. 
CONCLUSION: In spite of the availability of a fast and effective separation method (magnetic-activated 


cell sorter) the use of the transferrin receptor antigen alone is not likely to enable a reliable identification of 


Key words: Transferrin receptor, fluorescence-acti vated cell sor ter, magnetic- -activated cell 


sorter, polymerase chain reaction 


The occurrence of fetal nucleated cells within ma- 
ternal circulation has raised hopes’ for a noninvas.ve 
method of prenatal diagnosis.’ By application of the 


polymerase chain reaction, a powerful technique for 
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amplification of specific deoxyribonucleic acid se- 


quences from samples as small as one cell, this goal 
appears to be accessible. Attempts to amplify Y-specific 
sequences from the deoxyribonucleic acid of pregnant 
women have shown that the number of fetal cells in 
maternal circulation is extremely small, ranging within 
the lowest detection limit even of the polymerase chain 
reaction.’ Yet the risk of contamination—a well-known 


| limitation of the polymerase chain reaction technique— 
; is most prevalent at the highest level of SRY and 


hence often leads to false-positive results.* 


"~ 
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Table I. Percentage- of nucleated erythrocytes 


Cytospin ` Cutospin 

Sample after before 

No. gradien! MACS 
I ] 8 3 
2 I] 2 8 
3 5 0 ra 
4 7 4 1 
5 E- 13 9 
6 ] 0 3 
7 so 6 0 
8 2 5 0 
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ook Cytospin. after MACS 
Enrichment 
factor ` Positive sample Negative sample 
16 16 7 
— 9 6 
Z as l 
— —* Cells lysed 
a _ 7g 19 
l1 11 4 
1.75 | 7 4 
6 12 3 


Proportion of nucleated erythrocytes in 100 counted nucleated cells on blood smears and cytospins. Factor of enrichment of 
nucleated erythrocytes of cytospins of positive samples after magnetic-activated cell sorter (MACS) as compared with blood smears. 


*Not enough cells left for cytospin centrifugation. 


Table II. Total cell count 





No. of cells 


No. of cells after MACS 


Sample after No. of cells before 
No. gradient. Negative sample 
1 2 x 10° 1.32 x 10° 1.56 x 10° 8.15 x 10° 
2 2 x 10° Not done l x 10° 6.6 x 10° 
3 2 x 10° 1.03 x 10° 1.82 x 10° 8.4 x 10° 
4 2 x 10° 1.49 x 10° 1.53 x 10° 1.23 x 10° 
5 2 x 10° *9.2 x 10° 1.38 x 10° 9.3 x 10° 
6 2 x 10° *9.5 x 10 1.6 x 10° 8.45 x 10° 
7 3 x 10° 2.15 x 108 1.45 x 10° 1.52 x 10° 
8 3 x 10° 2.57 x 10° 3:5 x 10 1.65 x 10° 


« 


Total cell count at different stages of the separation procedure as evaluated in a Thoma Zeiss counting cell. MACS, Magnetic- 


activated cell sorter. 


*Actual cell number is higher because the cells were partially clotted during immunofluorescence staining. 


This risk of contamination caused several authors to 
evaluate methods of enrichment of fetal leukocytes,° 
nucleated erythrocytes,’ or trophoblast cells? before 
polymerase chain reaction analysis. 

Only flow cytometry has been used to separate fetal 
cells, but even with the use of multiparameter fluores- 
cence-activated cell sorters, including forward scatter- 
ing, this method is still time-consuming. We therefore 
have investigated the usefulness of the recently devel- 


. oped magnetic-activated cell sorter (Milteneyi Biotec 


GmbH, Bergisch-Gladbach, Germany)? with respect to 


_ its effectiveness in enriching fetal nucleated erythro- 


cytes; this easier and faster technique would allow a 
much larger volume of blood to be separated in a given 
time period.? > 

Fetal nucleated erythrocytes are abundant in fetal 


_ blood early in gestation, but are unlikely to be present 


in the blood of normal adults and express the trans- 
ferrin receptor antigen on the cell surface.” Therefore 


‘ we chose the enrichment of these cells from fetal um- 


bilical cord blood as a suitable system to evaluate the 
capacity of the magnetic-activated cell sorter proce- 
dure. Before the magnetic separation the cells were 


sequentially labeled with a monoclonal antibody against ` 


the transferrin receptor, biotinylated goat antimouse 


immunoglobulin G, a fluorescent conjugate, and su- 
perparamagnetic microbeads. 


Material and methods 


Separation of mononuclear cells. Three milliliters 
of ethylenediaminetetraacetic acid—umbilical cord 
blood was mixed with 3 ml of buffer (0.3% trisodium 
citrate and 0.5% bovine serum albumin in phosphate- | 
buffered saline solution: 0.137 mol/L sodium chloride, 
0.002 mol/L potassium chloride, 0.008 mol/L sodium 
biphosphate, 0.0015 mol/L potassium -dihydrogen 
phosphate, pH 7.4) layered over 3 ml of Histopaque- 
1077 (Sigma, Miinchen) and spun at 400g for 25 min- 
utes at room temperature. The mononuclear cell layer 
was isolated and washed three times in buffer 1. 

Immunofluorescent staining. Cells (2 x 10°) were 
resuspended in 200 ul of buffer 2 (0.01% sodium 
azide, 1% bovine serum albumin in phosphate-buffered 
saline solution) and stained with a 1:10 dilution of anti 
transferrin receptor (anti-CD71, Becton Dickinson, 
Heidelberg) at 4° C for 15 minutes. The cells were 
washed twice and stained in a 1:10 dilution of bio- 
tinylated goat antimouse immunoglobulin G (Amer- 
sham, Buckinghamshire, United Kingdom) in buffer 2 
for 15 minutes at. 4° C:and again were washed twice. 
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Table III. Percentage of transferrin receptor— 
labeled cells in fluorescence microscopy 






Transferrin receptor—positive 
cells after MACS 


Positive Negative 
sample (%) . sample (%) 
2.4 







Enrichment 





J 10 4.1 
2 11 2-1 D2 
2 8.7 0.8 10.8 
4 1.6 l.l 1.4 
5 4.5 1.62 2.8 
6 9.5 2.4 3.9 
7 3t 2* om 

8 1* OF —— 





Number of brightly Auorescing cells in proportion to all 
cells visible under phase-contrast microscopy. One hundred 
cells counted. Enrichment factor, Transferrin receptor—positive 
cells in transferrin receptor—positive samples per transferrin 
receptor—positive cells in transferrin receptor—negative 
samples. MACS, Magnetic-activated cell sorter. 


*Actual cell number is higher because cells were partially 
clotted during immunofluorescent staining. 


After resuspension in 200 wl buffer-2, 20 ul of strep- 
tavidin—flucrescein isothiocyanate (250 ug/ml orig- 
inal concentration) (Boehringer, Mannheim, Germany) 
was added followed by an incubation at 4° C for 15 
minutes. In the last step 20 wl of magnetic-activated 
cell sorter biotinylated microbeads (Milteneyi Biotec) 
that had been diluted 1:100 (vol/vol) in buffer 2 was 
added, and the suspension was again incubated for 5 
minutes at 4° C. 

To test the effectiveness of the magnetic-activated cell 
sorter procedure, mononuclear cells from three pe- 
ripheral control blood probes were isolated by Ficoll 
separation and 10’ cells were labeled with Leu-7 biotin 
(anti-CD57) (Becton Dickinson, Heidelberg), then with 
streptavidin—fluorescein isothiocyanate; after incuba- 
tion of 10 minutes microbeads were added as described 
above. 

Magnetic-activated cell sorting. The cell suspension 
was passed over a separation column with a magnetiz- 
able matrix that was placed into a magnetic field of 
extreme strength. Unlabeled cells fowed through the 
matrix (negative sample), and labeled cells stuck to the 
column and were eluted after being taken away from 
the magnetic field (positive sample). 

Immunogold silver staining. To test the specificity 
of the transferrin receptor antibody staining we per- 
formed immunogold silver staining in two control um- 
bilical cord blood samples and in peripheral blood sam- 
ples of two pregnant and one nonpregnant women. 
Mononuclear cells were separated and stained with 
the anti-transferrin receptor Huorescein isothiocyan- 
ate (5 pl/10° cells) as described above. After two 
washes at 4° C in buffer 2, 2 x 10° cells were mixed 
with 33 wl of Auro Probe One goat antimouse immu- 


May 1992 
Am J Obstet Gynecol 


noglobulin G (Amersham) that had been diluted 1:40 
(vol/vol) in buffer 2 before and incubated at room 
temperature for 60 minutes. Auro Probe One is goat 
antimouse immunoglobulin G linked to gold par- 
ticles. After two washing steps at 4° C in buffer 2, cells 
were suspended in buffer 2 in a concentration of 
2 x 10° cells/ml, and 100 ul samples were used for 
cytospins. The slides were fixed for 30 seconds in fix- 
ation buffer (20 mg sodium prosphate, 100 mg potas- 
sium dihydrogen phosphate in 30 ml water, 45 ml ace- 
tone, and 25 ml 37% formaldehyde, pH 6.7), washed 
three times for 3 minutes in aqua bidest, and air dried 
overnight. 

Enhancement. Silver enhancement was performed 
according to the suggestions of the manufacturer 
(Amersham). The silver enhancement time was de- 
fined to be approximately 3C minutes for this appli- 
cation. Cytospins were air dried overnight and differ- 
entially stained with Diff-Quick (Merz and Dade, 
Diidingen, CH) in order to identify specific cell pop- 
ulations. 

Microscopy. Cytocentrifuge cell preparations were 
performed after the different steps of staining and the 
magnetic-activated cell sorter procedure. These and the 
blood smears obtained from whole blood were differ- 
entially stained with Diff-Quick (Merz and Dade) and 
investigated under a light microscope (Zeiss Ortho- 
plan). Fluorescence microscopy was performed on a 
photomicroscope (Zeiss Orthoplan, Oberkochen, Ger- 
many). Cell counts at different stages of the enrichment 
procedure were performed on a counting cell (Thoma 
Zeiss, Oberkochen). 


Results 


The percentages of nucleated erythrocytes, as 
counted on slides of fixed and differentially stained 
cells at different stages of the cell enrichment proce- 
dure, are summarized in Table I. The total cell counts 
at these stages are indicated in Table II. Table III shows 
the ratio of antibody-labeled cells of positive and neg- 
ative samples after the magnetic-activated cell sorter 
procedure as evaluated under the fluorescent micro- 
scope; the enrichment factor of transferrin receptor— 
positive cells after the magnetic-activated cell sorter 
procedure is also indicated. 

The total cell counts show taat there is no substantial 
cell loss during the magnetic-activated cell sorter pro- 
cedure itself but approximately half of the cells are 
lost during the immunofluorescent staining (Ta- 
ble II). 

Before the enrichment procedure the number of nu- 
cleated erythrocytes in blood smears of fetal umbilical 
cord blood varied between 1% and 12% (Table I). In 
cytospins of positive samples of magnetic-activated cell 
sorter—enriched cells this percentage increased in four 
cases by a factor of 16, 11, 6, or 1.75; in one case the 
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Fig. 1. Diff-Quick-stained zells labeled with anti—transferrin receptor and silver enhanced by im- 


munogold silver staining. J. Labeled nucleated erythrocyte; 2, aia nucleated erythrocyte; 3, 


labeled lymphocyte; 4, labeled nonnucleated erythrocyte. 


7! 


Table IV. Percentage of Leu-7—labeled cells 







Peripheral blood 
Leu-7 —positive celis 
Sample No. (%) 





l 47 
2 27 
3 5 


Leu-7 —postiive cells 
before MACS (%) 


Afler MACS 


Cell count + 





Leu-7 —positive cells 


(7%) 





1.7 x 10° ~ 96 
0.6 x 10° + ” 95. 
2.6 x 10 65 


' Percentage of Leu-7—positive cells in peripheral blood before and after the magnetic-activated cell sorter (MACS) procedure 
is indicated. The number of Leu-7—positive cells was determined by FACS-SCAN analysis of immunofluorescent-stained cells. 


i 


percentage of nucleated erythrocytes in cytospins was 
lower after the separation procedure (Table 1): In this 
case the poor separation correlates with the higher per- 
centage of nucleated red blood cells in the negative 
control after magnetic-activated cell sorting (Table I), 
indicating that the magnetic Paraon was ineffective 
in this case. 

Fluorescence microscopy revealed that two types of 
morphologically different cells showed specific labeling 
with the fluorescein marker: (1) small cells expressing 
‘a very bright fluorescence and (2) large cells also show- 
ing a specific but weaker fluorescence. In positive sam- 
ples after magnetic-activated cell sorting the proportion 
of fluorescein-labeled cells was always higher—varying 
between 1.4 and 10.8 times—than in negative controls. 
Yet the percentage of transferrin receptor—positive 
cells evaluated by fluorescence microscopy in positive 
and negative controls after the magnetic-activated cell 
sorter protocol did not correlate very well with the ac- 


The absolute cell number before the separation was 10 in all three cases. 


tual cell count of nucleated erythrocytes on cone poue: 
ing cytospins (Tables I and III). 

The percentage of Leu-7—positive cells before, dur- 
ing, and after separation with the magnetic-activated 
cell sorter is summarized in Table IV. l 

Fig. 1 shows differentially stained cells after immu- 
nogold silver labeling of an umbilical cord blood con- 
trol. The ratios of transferrin receptor—positive versus 
transferrin recepter—negative cells as evaluated by 
Diff-Quick are indicated in Figs. 2 and 3. Fig. 2 shows 
the percentage of transferrin receptor—positive cells of 
each cell type after differential counts of 400 cells. Only 
22% and 17% of the nucleated erythrocytes were la- 
beled in the umbilical cord blood. In the blood of preg- 
nant women only. nonnucleated.red blood cells were 
found. 

Differential cel] counts of each cell type with the cor- 
responding percentages of specifically labeled cells are 
indicated in Fig. 3. In cord blocd the nonnucleated 
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Fig. 2. Differential cell counts of transferrin receptor—labeled and immunogold silver—stained cells 
from two samples of umbilical cord blood znd blood of two pregnant and one nonpregnant women. 
Proportion of different cell types in 400 cells counted. Numbers at bottom of graph indicate proportion 
of transferrin receptor—positive cells counted within each cell species. 
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Fig. 3. Differential cell counts of transferrin receptor— -labeled and minogold silver—stained cells. 
Only transferrin receptor— positive cells were counted. Proportion of transferrin receptor—positive 


cells of each cell type Is indicated at top of each bar. 


erythrocytes are the prevalent cell type after Ficoll sep- 
aration, followed by lymphocytes and few monocytes 
and nucleated erythrocytes; in the nonpregnant fe- 
male the majority of the separated cells were lympho- 
cytes. The ratio of monocytes, neutrophilic granulo- 
cytes, and nonnucleated erythrocytes is <10%:( Fig. 3). 
The pregnant female controls showed somewhat in- 
termediate cell counts after the gradient separation, 
with nonnucleated erythrocytes in about half of the 
cells, followed by res and lel high 


taci ` 
t t 


counts of monocytes and ‘neutrophilic granulocytes 
(Fig. 3). : 


Comment 


There are two potential types of fetal cells to be sep- 
arated to identify fetal genes in maternal circulation: 
trophoblast and nucleated erythrocytes. Because the 
results regarding the presence of trophoblast material 
in maternal circulation conflict® '! and because the num- 
ber of nucleated erythrocytes as a source of fetal de- 
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oxyribonucleic acid is assumed to be higher. Bianchi et 
al.’ used the transferrin receptor antigen, known to be 
expressed on erythroblasts for enrichment. For enrich- 
ment they used the fluorescence-activated cell-sorter 
method. 

Because this method could be too laborious and ex- 
pensive for application in routine prenatal diagnosis, 
we evaluated the recently described and faster mag- 
netic-activated cell sorter technique. In control sepa- 
rations of lymphocyte subsets we could show that the 
enrichment of Leu-7—positive cells was satisfactory in 
a shorter time period than would be necessary with the 
fluorescence-activated cell-sorter (Table IV}. The mag- 
netic-activated cell sorter has also proved to be well- 
suited for rare-event sorting.*? Considering this effi- 
ciency of enrichment obtained with magnetic-activated 
cell sorter the latter can now be considered the most 
appropriate method in “rare event” situations such as 
fetal cells in maternal circulation, which probably are 
in the range of 10~° to 1077 or even lower."*° 

Considering the good rates of enrichment with mag- 
netic-activated cell sorter, it should have been possible 
to achieve an adequate number of cells for polymerase 
chain reaction analysis provided there is a good marker 
for nucleated red blood cells. 

Surprisingly, although we optimized conditions such 
as incubation time or temperature for labeling the nu- 
cleated fetal erythrocytes, our results indicate that the 
specificity and sensitivity of the transferrin receptor 
antibody is limited: even in umbilical cord blood only 
<25% of nucleated erythrocytes were transferrin re- 
ceptor positive. Furthermore, the majority of labeled 
cells were nonnucleated erythrocytes. 

These findings can also serve as an explanation for 
the observation of Bianchi et al.’ that after fuorescence- 
activated cell sorting the number of transferrin recep- 
tor—positive cells was 300 to 4000 times higher than 
the number of fetal cells actually detectable by poly- 
merase chain reaction. Although our experiments have 
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not used the Muorescence-activated cell sorter for en- 
richment of transferrin receptor—positive cells, the 
lacking specificity of the transferrin receptor antibody 
would be expected to preclude an effective isolation by 
fluorescence-activated cell sorting. 

Therefore it seems doubtful whether the use of 
monoclonal antibodies against transferrin receptor 
alone is a suitable way to enrich fetal cells in maternal 
circulation, even if the powerful magnetic-activated cell 
sorter separation technique is used. 


We thank Ine Segers-Nolten for her excellent tech- 
nical assistance, Angelika Dohr for cytologic evalua- 
tions, and Dr. Gioacchino Gonzales for his help with 
differential cell counts. 
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OBJECTIVE: Our objective was to determine the effectiveness of training obstetric and family practice 


residents to provide smoking cessation advice. 


STUDY DESIGN: The effectiveness of the trained residents’ advice was assessed from exit interviews of 
pregnant smokers taking part in a randomized, controlled trial of smoking cessation advice. Exit interview 


responses were compared by x? analysis. 


RESULTS: Training resulted in significant changes in the advice provided by the residents, with greater 
emphasis on gaining a commitment to smoking behavior change, but not in the average time providing the 
advice, approximately 3 minutes. Adherence to the protocol was maintained at 80%. Significantly more 
women who received the brief structured advice agreed to stop smoking (54%) or.cut down their cigarette 
consumption (28%) compared with women in the control group (14% and 6%, respectively), p = 0.0001. . 
CONCLUSION: The structured advice consistently provided by the trained residents was effective in . 
gaining commitments from pregnant smokers to change treir smoking behavior. (AM J OBSTET GYNECOL 


1992;166:1356-63.) 


Key words: Resident training, Sore cessation advice, Se care, pregnancy 


The risks of smoking during pregnancy are well es- 
tablished." About 25% of women smokers stop smok- 


ing when they become pregnant, and the majority of. 
those who do not stop reduce their consumption of © 
cigarettes by approximately 50%.** Several studies of ` 
smoking cessation advice delivered during prenatal . 
care have shown significant reductions in smoking in ` 


the intervention group compared with the control 
group,” whereas others have not.” These trials have 
tested a variety of intervention strategies, including ad- 
vice from physicians,® advice from physicians and a 
specially designed leaflet," individual advice and coun- 
seling,’ extended advice from public health nurses,’ 


brief advice from public health nurses and a self-nelp - 


manual, and self-help materials sent through the mail.’ 
Three of these studies reported a significant increase 
in the mean birth weight of babies born to mothers in 
the intervention group compared with those in the con- 
trol group.**? 
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14 female and five male) and family practice (n 


Recent randomized controled trials of smoking ces- 
sation advice delivered by internists!’ °? or by family 


_ physicians!* 4 have shown the need to identify consis- 


tently each patient’s smoking status to ensure that ap- 
propriate advice is given. The advice provided in these 
and other studies has included a strong recommen- 
dation to quit smoking and an attempt to gain the smok- 
ér’s commitment to a quit date.’*"° 

Because advice to quit smoking delivered by physi- 
cians is cited by smokers as important in their decision 


-to stop smoking” and because methods to train phy- 


sicians to provide smoking cessation advice have shown 
some success,!* '* 18 we examined the effect of training 
residents in obstetrics and family practice to provide 
brief smoking cessation advice to pregnant-women. 
This article describes the methods we‘used to train the 
residents, the smoking cessation protocol and prompt 
sheets they were trained to use, the evaluation of the 
effectiveness of the training in terms of the manner 
and consistency with which the smoking cessation pro- 
tocol was followed, and the immediate impact on the 
women’s agreement to change their smoking behavior. 


Methods 


As part of an ongoing ER ET controlled trial of 
physician- -delivered, counselor-supported smoking ces- | 
sation advice during obstetric care, all obstetric (n = 19, 
: 16, 
11 female and five male) residents at the University of - 
Vermont were trained in a brief smoking cessation pro- 


if 


il 


tocol between July 1988 and September 1990. The trial 
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Table I. Demographics, pregnancy status, and smoking history 


Characteristic 


Age (yr, mean + SD) 
Education* 
<High school 
High school 
> High school 
Marital status* 
Married 
Single or other 
Receiving medicaid* 
Primigravid women* 
Length of gestation at first visit 
. (wk, mean + SD) 
No. of cigarettes/day (mean + SD) 
Before pregnancy 
At first visit 


There are no significant differences between the two groups. 


Intervention group 
(n = 125) 


Baste care group 


(n = 125) 
99.7 + 5.3 99.7 + 4.8 
55 (44.0) 51 (40.8) 
54 (43.2) 59 (47.2) 
16 (12.8) 15 (12.0) 
41 (32.8) 36 (28.8) 
84 (67.2) 89 (71.2) 
66 (53.7) 70 (56.5) 
68 (54.4) 69 (56.1) 
14.7 + 73 14.1 + 6.3 
26.0 + 10.3 25.6 + 10.8 
14.4 + 7.2 13.3 + 7.7 


*These are the number of subjects with this characteristic, with the percentage in parentheses. 


‘is taking place in the Maternal-Infant Care clinic, which 
provides prenatal care to women with little or no in- 
surance, 40% to 45% of whom are smokers at the onset 
of pregnancy. Prenatal care 1s provided by the obstetric 
and family practice residents during their rotations 
through the Maternal-Infant Care clinic under the su- 
pervision of a faculty member. 

Pregnant women who are receiving their prenatal 
care through the Maternal-Infant Care clinic and who 
are smoking one cigarette a day or more at their first 
antepartum visit are randomly assigned either to the 
intervention group or to the basic care group. Those 
in the intervention group receive advice from their phy- 
sician (described subsequently) and immediate referral 
to a smoking cessation counselor. Those in the basic 
care group are advised to stop smoking by their phy- 
siclans and given a booklet on how to do so. 

At entry into the study, the demographics, pregnancy 
status, and smoking histories of the women in the in- 
tervention and basic care groups were comparable, as 
shown in Table I. They tended to be relatively young, 
55% were primigravid, most had a high school edu- 
cation or less, more than two thirds were not married, 
and 55% were receiving Medicaid. On average, they 
had cut down their smoking from 26 cigarettes per day 
before pregnancy to 14 per day at their first antepartum 
visit. 

The intervention smoking cessation protocol. The 
residents are prompted to deliver the smoking cessation 
intervention by a protocol prompt sheet (Fig. 1) placed 
in the woman’s chart at the first three antepartum visits 
and again at the fifth and thirty-sixth week visits. The 
key elements of the intervention delivered by the phy- 
sicians are as follows: acknowledge the woman’s smok- 
ing status and any progress with changing her smoking 
behavior since becoming pregnant, deliver a rationale 
for stopping smoking and a strong quit message, ask 


how the woman feels about quitting and acknowledge 
her response, ask haw she could be helped and mention 
the availability of the smoking cessation counselor in 
the obstetric practice, elicit a commitment to action and 
a date for such action (quitting for good, quitting for 
24 hours, or cutting down to half her present level of 
smoking), note the result on the protocol prompt sheet, 
and refer the woman to the smoking cessation coun- 
selor. | 

The smoking cessation counselor sees the woman im- 
mediately after her visit with the physician, counsels 
her on ways to prepare for her change in smoking 
behavior, and provides further contact, counseling, 
support, and follow-up as needed. 

This protocol is repeated at the second antepartum 
visit for those women who are stil! smoking and again 
at the third, fifth, and thirty-sixth week visits for those 
women still interested in stopping smoking. Women 
who have quit at these visits are praised for their suc- 
cess, encouraged to continue nonsmoking behavior, 
and referred to the counselor for further support in 
maintaining their abstinence from cigarettes. For each 
of these visits the elements of protocol are included as 
bulleted items on the protocol prompt sheet. 

The basic care smoking cessation protocol. Women 
randomly assigned to the control group receive the 
basic care advice, which is outlined on a separate pro- 
tocol prompt sheet. This advice consists of acknowl- 
edging the woman’s smoking status, delivering a ratio- 
nale for quitting, giving a strong recommendation to 
quit, and providing a quit-smoking booklet at the first 
antepartum visit. These women are not encouraged to 
set a quit date, nor are they referred to the smoking 
cessation counselor. No prompts are provided to the 
residents for this group after the first visit. 

Training. Before beginning training, each resident 
received a description of the training and copies of four 
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Smoking in Early Pregnancy — ; 





Name: i a —_ SN: 


Smoking History: Years: _  # Quits: _ Longest: | Latest: 
Household: # of other smokers: # of adult non-smokers: _  # of children: 


RRO RES Smee aad ata GRADER IER ARR Oer anne 


ae, 


z oo BORNE 283 3 x EN een oe SERS ae - 
] Date | Weeks Cig/D | CO. Progress NM. Plan and Date couneaket | 


æ PTEE among status, progress, and CO level. 
_ (Non-smokers typically have levels <8 ppm of CO.) © 


Deliver rationale and strong quit message:- 
"I strongly recommend that you quit smoking during your pregnancy." 


"How do you feel about quitting?” ' (acknowledge her response) 
"How: can we help you?" (mention counselor) 

Elicit commitment to action. (quit date, 24 hr quit, cut down to half) 
Note result under “Plan and Cate” and refer to counselor. 


x ae 
oS N ne AN ABAAA, REER, TRN 2 SSAA RSC With 2, 
- N TENS SONNA Se Se SRA SS ESSENSE SS $55: Ss oe SNS SERS SES 

ve Re sr w s à Stes 


SSS EES 


aaa a aaa ROY 
Duuk seas y ven, 


SE a SS Bema eS esaa ataa aan ats 


a 
Beene ee ey Bearers. ES 
os A 


aaa 


Sein Y Sas ae Cees se : ES ga 
Seen by 
Daa Weeks  Cig/D co rocress Plar and Date Eoee — 
ee: n$ RR: RR 
ee 


EEO Re BOOT te EAM RE 


Tf she i iS S still smoking a ; — : If she is not smoking 
@ Acknowled e smokin status, ee 
progress, dete CO level. a — . © Acknowledge her quitting and give 


feedback on CO level. 
¢ Deliver rationale and strong es | | 
quit message. . eo Praise her progress. 


e "How do you feel about quitting?" || + Emphasize importance of staying 
| | : nee quit throughout her pregnancy. 
e "How can we help you?" 
oa oe oe Rte Refer her to the cessation counselor 

e Elicit commitment to action. > for help in staying quit. 

(quit date, 24 hr quit, cut down) ee a. 
o Note result under “Plan and Date” 

and (reter to counselor 





Ss 
ates as = 
Aana ania atest! 


Fig. 1. Protocol prompt sheet. 
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panes, 


TO 


a 
Pe! 


RE 


“ m m 
worsens 
“4 
nd 


I she i is still smoking 


° “Have you thought about your 
smoking since the last time you 
were here?” 


e “Do yọu want to make any changes?” 


è If she wants to make a change, 
refer to the counselor. 


Bee IORORT RRP R DRAIN e aa 
peng SS SNES RER eae ee Sass NY CS aah aha a T Ranea SRA ater atest aaa Sa-a TAN 
TAR, poeta BES RENAN nD SDa SS ss AAEN E SAA gee eae eee i 
Pat aa ea Sa'n EA sanaan, oe (eee a a aana aa y! Paa" 


Mo 
pa Weeks | Cig/D co Progress 


rat 


a SY 


Bees 


If she i is S still smoking 
° Acknowledge her smoking, eto 
any progress. - 
e “After the child is born, ang may 


have an adverse affect on its health.” f- 


o Refer to counselor if she requests 
Pia 


RAR Tr 
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4 


RE SES S : ae Rete Rae 


wf she i is hot ae 
e Praise her progress. 


e Emphasize importance of staying 
quit throughout her pregnancy. 

e Refer her to the cessation counselor 
for help in staying quit. 


S% x 
Sts pass ae 


aon _. ae Date 


RS an, SON 


hone 
ANa S a at 


If shel is. not EEA 


e Acknowledge and reinforce her quitting. 
e Rationale and support for staying quit 


after pregnancy. 
e “How do you feel about that?” 
e “How can we help you?” | 


@ Refer to counselor for assistance. 


Fig. 1—Cont’d. 


papers concerning smoking cessation advice. °?! Each 
year the residents were trained by a physician and a 
psychologist in small groups during a 1- hour workshop. 
This workshop included the following: a review of the 
project, a description of the advice to be given to sub- 
jects in the intervention condition with a rationale for 
each step, the use of the specially designed protocol 
prompt sheet to guide this advice, a videotaped dem- 


- 


r 


onstration oË the advice being delivered by a family 
physician and .by an ‘obstetrician, a role play of the 
advice by pairs of residents with corrective feedback, 
anid a description of the basic care advice to be given 
to control group subjects. Residents who were unable 
to attend a workshop were trained individually. 
Refresher sessions and progress. Each resident also 
participated in a 30-minute individual refresher session 
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with the psychologist a few days before starting his or 
her first rotation on the Maternal-Infant Care clinic. 
During these sessions thé intervention and basic care 
protocols were reviewed, the intervention protocol was 
role-played with a simulated patient, and appropriate 
feedback wes provided to the resident. Each month the 
progress of the trial and the residents’ adherence to 
the protocols were discussed by the smoking cessation 
counselor during Maternal-Infant Care clinic confer- 
ences. | | 

Evaluation of resident training. The effectiveness of 
the training was evaluated in three ways. First, an aval- 
uation of the immediate impact of the training on the 
content and style of each resicent’s smoking cessation 
advice was conducted with the first group of resicents 
trained in 1988. This group consisted of all 12 obstetric 
residents (three in each postgraduate year), and all 
eight first- and second-year femily practice residents. 
This evaluation was done by comparing videotapes of 
the residents providing their usual advice to a simu_ated 
patient before training, with videotapes of each resi- 
dent delivering the intervention protocol to the same 
simulated patient at the end of their refresher session. 

Seven criteria, derived from the intervention pro- 
tocol and selected before the videotapes were viewed, 
were used to rate the videotapes. These criteria were 
as follows: The resident provides a rationale for quit- 
ting, provides a clear, unambiguous quit message, ac- 
knowledges the woman’s feelings about quitting, asks 
an open-ended question, elicits a commitment to < quit 
day, encourages the woman to select a day when-she 
will make some change in her smoking, and indicates 
that the change date will be entered in the chart or that 
an enquiry will be made about smoking at the next visit. 
The tapes were scored independently by two trained 
raters who were blind to the training status of the res- 
ident. Scoring involved noting thé presence or absence 
of each of the seven criteria, such that a higher score 
represented the inclusion of more of the desired com- 
ponents of the intervention protocol. Scores could 
range from 0 to 7. The overall interrater relizbility 
across all seven criteria was 84%. The time the resident 
spent delivering the advice was also recorded. 

As a second way of evaluating the training, each 
trained resident’s adherence to the protocols was as- 
sessed from exit interviews with all the women enrolled 
in the trial. These exit interviews, which took place 
immediately after the first and second antepartum visits 
with their physicians and before the women in the in- 
tervention group received counseling, were conducted 
by a research assistant and took <2 minutes to com- 
plete. The interview included five questions about the 
content of the doctor’s advice and two questions about 
what the woman agreed to do about her smokirg be- 
havior. The women’s responses to the five questions 
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about the content of the doctor’s advice enabled us to 
see how closely the residents were adhering to the con- 
tents of the intervention and basic care protocols. 

Third, the immediate effect of each resident’s advice 
was also assessed from the exit interviews by comparing 
the responses of the women in the intervention and 
basic care groups to the two questions asking what they 
had agreed to do about changing their smoking be- 
havior. . 

Long-term adherence to the intervention and basic 
care protocols was assessed by comparing the responses 
to the exit interviews conducted during the first year 
of the trial with those conducted in the second year. 

Data analysis. The videotape scores and coded data 
from the exit interviews were entered into a personal 
computer. Paired Student ¢ tests were used to compare 
the pretraining and posttraining videotape scores and 
times. x* analyses of 2 x 2 contingency tables were used 
to examine the differences between the exit interview 
responses of the women in the intervention group com- 
pared with those in the basic care group, at the first or 
second antepartum visit. 

This study was approved by the University of Ver- 
mont’s Institutional Review Board. 


Results 


Comparisons of the pretraining and posttraining vid- 
eotapes of the first 20 residents showed a significant 
effect for training on the content and style of the smok- 
ing cessation advice but not on the time taken to deliver 
the advice. The average score for the content and style 
of the advice increased from 2.15 (SD 0.88) before 
training to 6.05 (SD 0.69) afzer training, ¢ = — 16.28, 
p = 0.0001. The average time for delivery of the advice 
was 3.14 (SD 1.21) minutes before training and 3.09 
(SD 0.82) minutes after training, a nonsignificant dif- 
ference. l 

During the first 24 months of the trial, 250 women 
receiving their prenatal care through the Maternal-In- 
fant Care clinic were enrolled into the trial, equally 
divided by random allocation between the intervention 
group and the basic care control group. Because this 
trial is still in progress and because some women have 
miscarried and others have transferred to private ob- 
stetric practices or have moved out of the area for their 
prenatal care, 103 women in the intervention group 
and 102 in the basic care group have been seen for 
their second antepartum visit. Of these, 18 women in 
the intervention group and three in the basic care 
group reported not smoking at this visit, leaving 85 
smokers in the intervention group and 99 smokers in 
the basic care group for evaluation of advice to stop 
smoking or to cut down at the second antepartum visit. 

The women’s responses to the exit interviews after 
the first and second antepartum visits showed high 
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Table II. Exit interview responses about advice to stop smoking (number and percent of 


‘es 
r 


positive responses) 


4a? 










(heen 


Exit mterview question 


Did your doctor... 


First antepartum visit, 


Intervention 


Second antepartum visit 











Basic care : 


Intervention Basic care 
ple group group - 
{n = 102) 


te tete Tite [ete % 


.. i talk about smoking? o 122 98 
: . advise you to stop or stay quit? 7120 96 


119 95 99 96 67 ~~ 66* 
115 92 94 9I 53., 59% 


* = 0.0001 for the 2 x 2 contingency tables comparing positive and negative resporses of intervention and basic care groups 


for this question at this visit. 


levels of adherence by the residents to both the inter- 
vention and basic care protocols. For the items, “Did 
your doctor talk about smoking?” and “Did your doctor 


advise you to stop smoking?”, which address comments - 
or advice common to both the intervention and basic’ 


care protocols, there were no significant differences at 
the first antepartum visit. However, at the second an- 
tepartum visit, when there were no prompts in the 
charts of women in the basic care group, there were 


substantial and highly significant differences, with: 
fewer Women in the basic care group reporting having. 


their doctor talk about smoking or advise them to stop 
at this visit compared with the those in the intervention 
-group (Table II). 

For the items, “Did your doctor ask you to set a quit 


date?” and “Did you agree to stop?”, there were highly © 


significant differences between the two zroups at both 
* visits. Women in the intervention group were substan- 
tially more likely to report being asked to set a quit date 
(80%), a key part of the intervention protocol, and to 
. agree to stop smoking (54%) at the first antepartum 


visit than were those in the basic care group (14% for _ 


each). Similar but less marked differences were seen at 
the second visit (Table HI). | 
Responses to the three exit interview items concern- 
, Ing cutting down cigarette consumption also show sig- 
nificant differences between the two groups, with more 
women in the intervention group being asked to set cut 
"down dates and agreeing to do so than those in the 
basic care group (Table II). 
Levels of adherence to both the intervention and 
basic care protocols have remained remarkably steady 


during the course of the trial. The proportions of pos- ` 


itive responses'to the three exit interview items, “Did 
your doctor talk about smoking?”, “Did your doctor 
advise you to stop smoking?”, and “Did your doctor ask 
: you to set a quit date?”, did not differ significantly 
during the first and second years of the trial for the 
intervention group or for the basic care group (Table 
IV). 


Comment 


Comparison of the pretraining and posttraining vid- 
eotapes clearly show that the residents changed the 
content and style of their advice after training but on 
average spent the same amount of time delivering this 
advice. After training the residents put substantially less 
emphasis on discussing the risks of smoking to the preg- 
nancy, fetus, and mother and more emphasis on trying 
to gain a commitment to a smoking behavior change. 
Style also.changed, with more of the residents asking 
open-ended questions after they were trained. 

Adherence to the protocol by the residents has been 
good, as judged by the exit interviews of the women 
conducted immediately after their first two antepartum 
visits with their physicians. This level of adherence to 
both the intervention protocol and the basic care pro- 
tocol, which has been maintained over the first 2 years 
of the trial, needs to be seen in the context of each 
obstetric resident doing one or twe 2-month rotations 
on the prenatal service each year and each family prac- 


‘tice resident doing a single 2-month rotation. Residents 


rarely see the same woman for more than two visits 


and may also be asked to fill in unexpectedly for their 


colleagues at short notice. The protocol prompt sheets 
that we devised for this study were modeled on those 
used by Solberg et al.” to prompt family physicians to 
provide smoking cessation advise” but also include the 
essential elements of the advice to be given. These 
prompt sheets play a key role in helping to maintain 
adherence to the protocol, because they show what 


` progress the woman has made between visits and they 


also highlight the advice to be delivered at each visit. 
The prompt sheéts are updated by a nurse interviewer 
and placed in the women’s charts to cue the residents. 


Prompts have been used successfully by others to in- 


crease physicians’ adherence to providing smoking ces- 
sation advice, h 15 2% 3 

The third measure of effectiveness, gaining the wom- 
an’s commitment or agreement to change her smoking 


behavior, also differed significantly between the inter- 
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Table ITI. Exit interview responses from current smokers about setting quit dates and cutting down 
(number and percent of positive responses) 


First antepartum visit 


Intervention Basic care group Intervention Basic care group 
group (n = 125) (n = 125) group (n = 85) (n = 99) 


Did your doctor... 


Second antepartum visil 


...a8k you to set a 100 80 18 14* 63 74 7 fai 
quit date? 
Did you agree to 67 54 18 14* 32 38 6 6* 
stop? 
Did your doctor... 
... advise you to 50 40 73 58t 42 49 4] 4] 
cut down? 
...ask you for a 37 30 5 4% 37 44 7 7* 
cut down date? 
Did you agree to 35 28 8 6* 26 3] 5 pe 
cut down? 


*p = 0.0001 for the 2 x 2 contingency tables comparing positive and negative responses of intervention and basic care groups 
for this question at this visit. 


tp < 0.05 for the 2 x 2 contigency tables comparing positive and negative responses of intervention and basic care groups for 
this question at this visit. 


Table IV. Adherence to intervention and basic care protocols after 1 and 2 vears of the trial (percent 
positive responses to each question) 


First antepartum visit 


Intervention group Basic care group 


I yr (n = 62) 2 yr (n = 63) I yr (n = 64) 2 yr (n = 61) 

Did your doctor... 
... talk about smoking? 61 98 61 97 61 G5 58 95 
... advise you to stop? 59 95 6] , ae 57 &9 58 95 
...ask you to' set a quit 49 79 51 81 9 14 9 15 


date? 


There are no significant differences within groups. 


vention and basic care groups. These differences, 
which were seen for agreeing to stop smoking and for 
agreeing tc cut down cigarette consumption, indicate 
the importance of actively seeking the women’s com- 
mitment to make a change in her smoking behavior 
before her next antepartum visit. i 

We recommend the inclusion of training in methods 
to deliver brief smoking cessation advice and, most im- 
portantly, information about office system components, 
such as prompt sheets, as part of every residency in 
obstetrics. Others have described the training of resi- 
dents in family medicine and internal medicine‘? ” and 
pediatrics.” The important elements of the brief advice 
to be given are well summarized in the National Cancer 
Institute’s manual for physicians.’ Whether physicians 


in established practice could be persuaded to follow a 
scripted protocol, such as we describe here, remains to 
be seen, but we think they could, because efforts by 
others to train family physicians and internists to follow 
specific elements of smoking cessation protocols have 
met with some success.!"""° 

The role of a nurse-counselor in the practice in sup- 
porting smoking behavior change should also be con- 
sidered,” as there is evidence that the combination of 
advice from physicians and nonphysicians is more ef- 
fective in promoting smoking cessation than advice 
from either alone.” 

We thank William C. Wadland, MD, and Susan Smith, 


MD, for acting as role models in the videotapes used 
during the training workshops. We also thank Kathryn 
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Kalan (University of Massachussetts Medical School, 
Worcester, Massachussetts) for her invaluable advice on 
training residents in methods of delivering smoking 
cessation advice and the residents themselves for their 
diligence in following the protocols. 
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Impact of histocompatibility antigens on pregnancy outcome 


Gungor Eroglu, MD, George Betz, MD,’ and Caprice Torregano, BS | 


New Orleans, Louisiana, and Denver, Colorado 


OBJECTIVE: The role of histocompatibility antigens in pregnancy outcome is controversial. This 
controversy may be because the initial studies were of snall numbers or the patient groups were not 
homogeneous. The purpose of thie study is to clarify these discrepant results by carrying out 

- histecompatibility antigen typing ard mixed lymphocyte culture on couples with idiopathic recurrent 
sporitaneous abortion and by comparing results with those of fertile couples. 

STUDY DESIGN: Sixty couples with at least three spontaneous abortions and 60 normal couples with at 
least two successful pregnancies were included. Histoconpatibility antigen typing and mixed lymphocyte 
culture were serformed by using the standard techniques. The data were analyzed statistically with the 


Fisher exact test and x’. 


RESULTS: Our results failed to show any difference between normal and aborting coup’es with regard to 
HLA-A, HLA-B, and HLA-DR distribution or sharing or to mixed lymphocyte culture responsiveness. 
CONCLUSION: Our study, along with other studies, emphasizes that the histocompatibility antigen system 
does not have an impact on pregnancy outcome. (Am J Osster GynecoL 1992;166:1364-9.) 


- Key words: Recurrent spontaneous abortion, human leukocyte antigen sharing, 


reproductive immunology 


Successful reproduction in humans continues to be 
an immunologic enigma as the conceptus is a semial- 
` logenic graft with partially foreign, paternal histocom- 
patibility antigens. There are studies'“ in the literature 
suggesting that reproductive success is due to antigenic 
disparity between mating partners. This disparity is 
necessary so that the conceptus will be‘immunogenic 
and stimulate recognition to evoke a protective mech- 


anism against expected immunologic destruction. The . 


_ role of antigenic disparity, or incompatibility, has seen 
examined by determining sharing of histocompatioility 
antigens (HLA) between wife and husband. The ma- 
jority of these studies were done on couples wita id- 
iopathic recurrent spontaneous abortion. Several stud- 
ies reported increased sharing of HLA-A ‘and HLA-B 
antigens between the partners of these couples.*" Fur- 
thermore, findings of hyporesponsiveness in maternal- 
paternal mixed lymphocyte culture implied that zom- 
patibility in the HLA-D locus may be the cause cf re- 


current spontaneous abortion. These findings were ' 


supported by studies showing increased HLA-DF: (se- 
rodefined antigens of the D locus) sharing in such cou- 
ples.''® 7 Consequently, antigenic similarity (increased 
HLA sharing in any of the HLA loci) between hussand 
and wife has also been proposed.as a cause of recurrent 
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spontaneous abortion. In recent literature, however, 
the number of studies refuting those findings has been 
increasing.” Therefore the role of the HLA system 
in‘ the outcome of pregnancy is controversial. ‘These 
inconsistencies may be explained by studies of patients 
with heterogenecus causes of recurrent spontaneous 
abortion or because of the limited size of some groups. 

The current study was undertaken to carry out HLA- 
A, HLA-B, and HLA-DR typing and mixed lymphocyte 
culture on a large and homogeneous group with re- _ 
current spontaneous abortion. These results were com- 
pared with those of normal couples with no history of 
spontaneous abortion. A compilation of studies from 
the literature is also presented. 


Material and methods 


Patients. Couples with at least three spontaneous 
abortions and no living children in both Colorado and 
Louisiana were investigated thoroughly to rule out an- 
atomic abnormalities of the uterus and genetic, endo- 
crinologic, infectious, and autoimmune diseases. Fifty- 
five white couples, four black couples, and one mixed 
(wife white, husband black) couple met the criteria ane 
were included in the study. 

Controls. The same number of couples were 
matched with the aborting couples for age and race. 
These couples had at least two successful pregnancies 
and no history of spontaneous abortion. 

Histocompatibility testing. HLA-A, HLA-B, and 
HLA-DR typing was performed with the standard Na- 
tional Institutes of Health technique described by Ter- 
asaki et al.” with tissue typing trays obtained from One 
Lambda (Los Angeles). Gen Trak (Plymouth Meeting, 
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Table I. HLA-A and HLA-B antigen 
frequencies (percent) in aborting and 
normal couples 














HLA type in Aborting Normal 
A and B (60 couples) (60 couples) 
loci (% frequency) (% frequency) 





HLA-A 

li 27.9 30.7 

2 46.7 44.3 

3 27.5 35.2 
1] 16.4 6.8 
23 4.9 2.3 
24 22.1 17.5 
25 8.2 3.4 
26 5.7 3.4 
28 4.9 6.8 
29 5.3 8.0 
30 7.3 9.1 
31 4.1 5.7 
32 8.9 10.2 
Blank 12.3 9.8 

HLA-B 

7 22.1] 20.5 

8 22.1 20.5 
13 57 5.7 
14 7.4 6.8 
18 8.2 11.4 
27 8.2 9.1 
35 227) 23.9 
37 2.5 2.3 
38 4.1 2.3 
39 5.7 4.5 
4] 0.0 2.3 
44 22.1 26.1 
49 3.3 1.1 
50 2.5 2.3 
51 4.9 5.7 
52 0.8 2.3 
53 3.3 4.5 
55 2.5 2.3 
57 4.1 6.8 
60 6.6 9.1 
61 4.6 4.5 
62 16.4 13.6 
Blank 9.0 7.5 


Pa.), and Pel-Freeze (Brown Deer, Wis.). B Lympho- 
cytes for DR typing were prepared with the nylon-wool 
method.” 

Mixed lymphocyte culture. One-way mixed lym- 
phocyte culture was performed with traditional meth- 
ods. Two couples were tested at a time, one from the 
aborting group and one from the control group. A total 
of 15 different experiments were performed. Briefly, 
after purification of peripheral blood mononuclear 
cells, the samples were suspended at 1 xX 10° in RPMI 
1640 (GIBCO, Grand Island, N.Y.) containing 100 
U/ml penicillin, 100 pg/ml streptomycin, 2 mmol/L 
glutamine, and 10% pooled male serum. Stimulating 
cells were irradiated with a dose of 200¢ rads to abolish 
their capacity to proliferate. Cultures were carried out 
in triplicate in round-bottomed microtiter trays (Linbro 
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Table II. HLA-DR antigen frequencies 
(percent) in aborting and normal couples 














Aborting Normal 
HLA type (60 couples) (60 couples) 
in DR locus (% frequency) (% frequency) 








HLA-DR es 
l 29.1 18.2 
26.2 23.9 

3 25.4 21.6 
4 38.6 39.8 
5 14.8 18.2 
6 11.5 12.5 
7 18.0 25.0 
8 7.4 6.5 
9 4.9 0.4 
10 2.5 1.1 
11] 11.4 11.4 
13 2.8 3.4 


Chemical Company, New Haven, Conn.) with 100,000 
responder and 100,000 irradiated stimulator cells in a 
volume of 200 wl. Media and autologous and pooled 
lymphocytes were used to be negative and positive con- 
trols. Cultures were incubated at 37° C with 100% hu- 
midity in a 5% carbon dioxide and air atmosphere 
for 5 days. Tritiated thymidine, specific activity 6.7 
Ci/mmol (New England Nuclear, Boston) was then 
added, 1 pCi per well. After 12 hours of additional 
incubation, plates were harvested in a multiple har- 
vester. The samples were then placed in vials containing 
scintillation fluid and the amount of radioactivity that 
was incorporated into the deoxyribonucleic acid of pro- 
liferating cells was determined by liquid scintillation 
counting. 

The results of mixed lymphocyte culture were ex- 
pressed as relative response and were calculated by 


Relative response = 
Test counts/min — 
Autologous counts/min 


Median response counts/min — 
Autologous counts/min 


x 100 


When the relative response =20, mixed lymphocyte 
culture was accepted to be positive in another way, stim- 
ulation occurred. 

Statistical analysis. The data were analyzed with the 
Fisher exact test and x’ analysis. 


Results 


HLA class I and II antigens (HLA-A, HLA-B and 
HLA-DR). The distribution of HLA-A, HLA-B, and 
HLA-DR antigens was analyzed in both aborting and 
normal couples. The frequency of antigens is shown in 
Tables I and H. There was no significant difference 
between the two groups. Also, no association between 
recurrent spontanecus abortion and a particular HLA 
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Fig. 1. Mixed iyaphooie culture in 15 eee and-15 normal couples. Reactivity was expressed 
as relative response. Positive response was accepted when relative response 220. Wife (Wx) versus 
husband (H); wite’s irradiated cells as stimulator, husband’s cells as responder; husband (Moy Versus 


wife (W); husband's, irradiated cells as stimulator, wife’s cells as responder. 


H 


Table HI. Nier of HLA- A, HLA- B, and HLA- Dr antigens shared by 60. normal and 50 
aborting couples 






No. of antigens 
shared 


A,B loci 
0 24 (40.0%) 36 (60. 0%) 
l .2F (41.7%) 35 (58.3%) 
2 1G (16.7%) 50 (83.3%) 
3 . 1 1.7%) 59 (98.3%) 
4 G (0.0%) . 60 (100.0%) 

DR locus i at 
0 4E (75.0%) 15 (25.0%) 
l 18 (25.0%) — 45 .(75.0%) 
2 G. (0.0%) 60 (100.0%) 

A,B, ana DR loci i , 

0 18 :(30.0%) 42 (70.0%) - 
Hi 24 (40.0%) 36 (60.0%) 
2 “JE (25.0%) 45 (75.0%) 
3: ` 2 (5.0%). 57 (95.0%) 
4. C (0.0%) , 60 (100.0%) 
5 G (0.0%) 60 (100.0%) 
6 C (0.0%) 60 (100.0%) 


*Fisher’s exact test. 








_ Aborting couples 


? 
a 


N ormal couples 


No. and % : No. and % De and % 
sharing not sharing ee 


0 (0.0%) 





No. and % 
moi sharing 





92 (36. 7%) 38 (63.3%) 0.851 
34 (56.7%) 26 (43.3%) 0.144 
4 (6.7%) 56 (93.3%) . 0.153 - 
0 (0.0%) "60 (100.0%) 1.000 
0 (0. 0%)  - 60 (100.0%) 1.000. 
36 (60.0%) 24 (40.0%) © 0.118 
23 (38.3%) 37 (61.7%) ` 0.169 
1 (1.7%) 59 (98.3%) 1.000 
12 (20.0%): ` 48 (80.0%) 0.292 | 
33 (55.0%) 27 . (45.0%) 0.143 
12 (20.0%) . .48 (80.0%) 0.663 
2 (3.3%) -- 58 (96.7%) 0.493 
0 (0.0%) - 60 (100.0%) l 
0 (0.0%) . 60 (100.0%) 
= 10 (16.0%) 


antigen was d. Furthermore, no excess of maternal 
OT paternal homozygosity was observed. 

The number of'shared HLA antigens in both: 'groups 
is shown in Table HI. To accentuate the distinction 
between aborting ‘and normal couples, the data were 
analyzed separately for each ‘locus and for all the loci 


together. As illustrated, the results for each locus were 
not different from those found with normal couples. 
In a combined analysis of HLA-A, HLA-B and HLA- 
DR, 30% (18/60) aborting ccuples did not share any ` 
antigen, 40%. (24/60) shared one antigen, 25% (15/60) | - 
two antigens, and only 5% (2/60) had three antigens. 


i 
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Table IV. Prevalence of shared HLA antigens at the A, B, and DR loci in aborting and normal couples 


Aborting couples 
Investigation 


Group A 

Komlos et al.* (1977) 

Gerencer® (1979) 

Schacter® (1979) 

Taylor and Faulk? 
(1981) 

Aoki (1982) 

Beer et al. (1983) 

Unander and Olding’ 
(1983) 

McIntyre and Faulk” 
(1983) 

Johnson et al.” 17/ 
(1984) 

Thomas et al.” 
(1985) 

Coulam et al.” 
(1987)* 

Group B 

Lauritsen et al." 
(1976) 

Caudle et al.'? (1983) 

Oskenberg et al.” 
(1983) 

Nordlander et al.™ 
(1983) 

Cauchi et al. (1988) 32/83 (38.6%) 

Sargent et al.” (1988) 10/18 (55.6%) 

Christiansen et al. 30/56 (53.6%) 
(1989) 

Smith et al.” (1988)+ 

Eroglu et al. (1990) 


11/22 (50.0%) 8/22 (36.4%) 
90/45 (44.4%) 
12/39 (30.8%) 

4/4 (100.0%) 


17/45 (37.8%) 
9/39 (23.1%) 
3/4 (75.0%) 


20/26 (76.9%) 
9/10 (90.0%) 
718 (87.5%) 


3/10 (30.0%) 
1/8 (12.5%) 

8/20 (40.0%) 3/20 (40.0%) 
28 (60.7%) 11/28 (39.8%) 


9/21 (42.9%) 8/21 (38.1%) 


12/29 (41.4%) 6/29 (20.7%) 


3/12 (25.0%) 
11/33 (33.3%) 


3/12 (25.0%) 
7/33 (21.2%) 


6/14 (42.9%) 6/14 (42.9%) 


7/18 (38.9%) 
115 Patients were studied 


24/60 (40.0%) 


ND, Not done. 


3/26 (34.6%) 22/26 (84.6%) -26/45 (57.8%) 
4/10 (40.0%) 
718 (87.5%) ND ND ND 
7120 (35.0%) 
7/14 (50.0%) 21/41 (51.2%) 


6/21 (28.6%) 9/2 


5/14 (35.7%) 22/40 (55.0%) 


19/60 (31.7%) 15/60 (25.0%) 26.60 (43.3%) 


Normal couples 


HLA-A HLA-B HLA-DR HLA-A HLA-B HLA-DR 


17 (42.9%) 1/7 (14.3%) ND 

ND 20/79 (25.3%) 20/79 (25.3%) ND 

ND 4/17 (23.5%) 2/17 (11.8%) ND 
3/4 (75.0%) ND ND ND 


10/45 (22.2%) 
0/16 (0.0%) 


11/45 (24.4%) 


2/16 (12.5%) 4/16 (25.0%) 


5/12 (41.7%) 5/12 (41.7%) 1/12 (8.3%) 


10/41 (24.4%) 6/20 (30.0%) 


1 (42.9%) 5/21 (23.8%) 3/21 (14.3%) 


ND 23/35 (65.7%) 11/35 (31.4%) ND 
9/12 (16.7%) 44/77 (57.1%) 21/77 (27.3%) ND 
ND 13/30 (43.3%) 9/30 (30.0%) ND 


15/40 (37.5%) 20/40 (50.0%) 


21/83 (25.3%) 36/83 (43.4%) 52/100 (52.0%) 41/100 (41.0%) 38/100 (38.0%) 
8/18 (44.4%) 
18/56 (82.1%) 25/56 (44.6%) © 20/33 (60.6%; 


7/10 (70.0%) 4/10 (40.0%) 


11/33 (33.3%) 


4/10 (40.0%) 
13/33 (39.4%) 


16/60 (26.7%) 24/60 (40.0%) 


*Found an association between DQ locus and primary recurrent spontaneous abortion. 


tAnalysis of results was done differently in this study. 


in common. Those percentages in normal couples were, 
respectively, 20%, 55%, 20%, and 3.33%. 

The HLA sharing data from this study and from 
other published data are presented in Table IV. For 
the purposes of classification, the results are divided 
into group A, those studies that reported increased 
HLA sharing in aborting couples, and group B, those 
that did not. As can be seen, the number of studies 
reporting increased HLA sharing (group A) is slightly 
more than those who did not, but the number of cases 
in group B is more than those studies of group A. 

Mixed lymphocyte culture—stimulation indices, 
The results of one-way mixed lymphocvte culture are 
shown in Fig. 1. All cultures showed normal stimulation 
except for that of couple 12, which showed a low level 
of stimulation when the wife’s cell was responder to the 
husband’s cells and to third party cells. Female lym- 
phocytes from couples with recurrent spontaneous 
abortion stimulated and responded equally to cells both 
from their husbands’ cells and third parties’ cells (hus- 
bands of control groups). Similarly, cells from husbands 
of couples with recurrent spontaneous abortion were 
able to stimulate and respond to cells from their wives 
and the control group. When the relative response of 


couples with recurrent spontaneous abortion was com- 
pared with normal couples, there was no difference 
between the two groups. 


Comment 


The data presented here failed te show an increased 
incidence of antigen sharing between the partners of 
couples with recurrent spontanecus abortion when 
compared with controls. Furthermore, the distribution 
of HLA, HLA-A, HLA-B, or HLA-DR antigens in cou- 
ples with recurrent spontaneous abortion was very sim- 
ilar to that of control group. 

Increased sharing of HLA-A and HLA-B antigens 
in couples with recurrent spontaneous abortion was 
first reported by Komlos et al. in 1977 (Table IV); 
similar findings were reported by other groups.*" 
Other reports suggested that sharing of class II anti- 
gens (HLA-D) was even more significant than sharing 
in class I (HLA-A, HLA-B, HLA-C) antigens.) 1 " 
These findings of increased HLA sharing have been 
interpreted both genetically and immunologically to ex- 
plain the etiology of idiopathic recurrent spontaneous 
abortion. The immunologic interpretation suggests 
that an immune response is necessary for proper im- 
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plantation and maintenance of pregnancy. The genetic 
interpretation postulates that the gene associated with 
fetal wastage is a recessive lethal gene linked toan HLA 
locus and that linkage disequilibrium exists between 
these loci. It appears, however, from our results that 
increased HLA sharing has ro relation to recurrent 
spontaneous abortion. Twenty-three percent of our 
normal couples shared two to three antigens without 
any history of spontaneous abortion. Obert et al.™ re- 
ported an association between increased HLA sharing 
and idiopathic recurrent spontaneous abortion in Hut- 
terites,* who have increased inbreeding. The authors 
also, however, reported that sharing HLA antigens 
does not preclude normal pregnancy. In agreement 
with our findings, the association betwéen recurrent 
spontaneous abortion and increased HLA sharing was 
not found by other investigators.’*** This contradiction 
may involve a number of variables, including the in- 
creased number of split HLA antigens (subgroups of 
core antigens, i.e., HLA-A10 was split to be HLA-A25 
and A26, etc.), sample size, and lack of homogeneity 
of the population studied. We hoped to eliminate these 
variables in this report by using a relatively large ho- 
mogeneous group. Furthermore, we used split anti- 
gens, not ccre antigens. 

Mixed lymphocyte culture is one of the methods to 
investigate allograft reactions in vitro and has been used 
by some investigators in an attempt to detect feto- 
maternal immunologic interactions. In contrast to pre- 
vious reports of depressed mixed lymphocyte culture 
responses*''!*:?° between wives and husbands of abort- 
ing couples, our studies failed to demonstrate a depres- 
sion of mixed lymphocyte responsiveness in such cou- 
ples. When results were compared with normal couples, 
the relative response did not deviate from that of the 
control group. Thus our findings are in agreement with 
Thomas et al.” 

Although our study has resulted in negative findings, 
we are in agreement with recent literature emphasizing 
that the status of the HLA system does not have a major 
impact on pregnancy outcome or that traditional typing 
and mixed lymphocyte culture are not the right criteria 
to sufficiently define the role of incompatibility in hu- 
man reproductive performance. 


We thank Dr. Jawahar Tiwari for his excellent sta- 
tistical analysis. 
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OBJECTIVE: The purpose of this study was to measure by near-infrared spectroscopy changes in human 
fetal cerebral oxyhemoglobin, deoxyhemoglobin, and cerebral blood volume during labor and to calculate 


mean cerebral hemoglobin oxygen saturation. 


STUDY DESIGN: The effects of uterine contractions with and without fetal heart rate decelerations were 
compared in eight singleton term fetuses. Results were analyzed by analysis of variance. 

RESULTS: In six of eight fetuses normal uterine contractions were associated with proportional decreases 
in both oxyhemoglobin and deoxyhemoglobin and a fall in cerebral blood volume without desaturation of 
cerebral hemoglobin. Contractions with fetal heart rate decelerations produced different results in that 
oxyhemoglobin fell but deoxyhemoglobin rose, indicating cerebral desaturation. In two of the eight fetuses 
normal contractions were associated with increases in oxyhemoglobin, deoxyhemoglobin, and cerebral 
blood volume: no decelerations were seen in either fetus. Mean cerebral hemoglobin oxygen saturation 


calculated during normal contractions was 43% + 10% (SD). 


CONCLUSION: Uterine contractions were associated with detectable changes from baseline in cerebral 
oxyhemoglobin, deoxyhemoglobin, and cerebral blood volume. (Am J OBSTET GYNECOL 1992;166:1369-73.) 


Key words: Near-infrared spectroscopy, fetal brain oxygenation, labor, uterine contraction, 


fetal heart rate deceleration 
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No current techniques allow the direct assessment of 
fetal cerebral oxygenation during labor, although in- 
formation can be obtained about the oxygenation and 
acid-base status of the fetal scalp.'* Because of the rel- 
ative transparency of biologic tissue to light in the near- 
infrared region of the spectrum (700 to 1000 nm), it 
is possible to transmit near-infrared light through =8 
cm of tissue to obtain spectroscopic information non- 
invasively from the brain. The technique of near-in- 
frared spectroscopy has been used to provide quanti- 
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Fig. 1. Two glass prisms (arrows) held at a constant separation from each other by the black silicone 


rubber molding. 


Table I. Details of labor and delivery in 
eight fetuses 





Maternal age (yr) 28 (22-35)* 


Parity 

Primiparous 8 

Multiparous 0 
Onset of labor 

Spontaneous 5 

Induced 2 

Stimulated ] 
Duration of labor (hr) 8.75 (6.75-12.5)* 
Epidural 7 
Augmented with oxytocin 8 
Mode of delivery 

Normal vaginal 3 

Forceps 3 

Cesarean 2 
Cord blood pH <7.2 5 





*Median and range. All other values given are number of 


fetuses. 


tative data on cerebral oxygenation and hemodynamics 
in the newborn infant.”’ We adapted this technique to 
measure changes in fetal cerebral hemoglobin concen- 
tration, oxygenation, and blood volume during labor. 
The purpose of our study was to examine the effects 
of uterine contractions with and without fetal heart rate 
decelerations on these variables and to measure fetal 
mean cerebral hemoglobin oxygen saturation. 


Material and methods 


We studied eight singleton term fetuses of gestational 
age 39 to 42 (median 40) weeks and birth weight of 2.6 
to 4.2 (median 3.6) kg during labor, the details of which 
are given in Table I. Observations were recorded con- 
tinuously for a period of 169 to 343 (median 208) min- 
utes until 360 to 0 (median 140) minutes before delivery 
occurred. Near-infrared spectroscopy was continued in 
two fetuses throughout the second stage until delivery. 


In seven fetuses the postnatal course was uncompli- 
cated, but one infant required a short admission to the 
neonatal unit for observation because of acidemia at 
birth. The project was approved by the University Col- 
lege London Faculty of Clinical Sciences Committee on 
the Ethics of Clinical Investigation, and written mater- 
nal consent was obtained. 

The technique of near-infrared spectroscopy de- 
pends on absorption by the chromophores oxyhemo- 
globin and deoxyhemoglobin of near-infrared light 
transmitted through the fetal head. The modified Beer- 
Lambert law describing optic absorption in a highly 
scattering medium may be expressed as OD = 
acLB + G, where OD is the tissue attenuation (optical 
densities), a is the absorption coefficient of the 
chromophore (millimoles per liter per centimeter), c 
the concentration of chromophore (millimoles per li- 
ter), L the distance between the points where light en- 
ters and leaves the tissue (centimeters), B a path-length 
factor that takes account of the scattering of light in 
the tissue (which causes the optic path-length to be 
greater than L), and Ga factor related to the geometry 
of the tissue. If during a study L, B, and G remain 
constant, changes in chromophore concentration can 
be calculated from the change in absorption divided by 
the product of aLB.* The absorption coefficients of 
oxyhemoglobin and deoxyhemoglobin are known,’ and 
a mean value for B of 4.39 (SD 0.28) has been ob- 
tained."” 

Fiberoptic bundles that conveyed light to and from 
the fetal head were introduced through the cervix after 
it had dilated to 3 to 6 (median 4) cm after rupture of 
the amniotic membranes. The ends of the bundles were 
held 3 cm apart in a specially designed silicone rubber 
molding (Fig. 1) placed against the side of the fetal 
head during routine vaginal examination. Coupling be- 
tween the fiber ends and the fetal scalp was maintained 
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by maternal tissue pressure. No significant difficulty in 
placement was encountered, and no maternal discom- 
fort was apparent. All the babies were examined after 
delivery, and no skin marking caused by the molding 
was found. The fiber bundles conveyed near-infrared 
light to a spectrophotometer (NIR 500 or 1000, Ha- 
mamatsu Photonics KK, Hamamatsu City, Japan) that 
detected changes in attenuation at three or six different 
wavelengths (NIR 500 or 1000, respectively) between 
775 and 908 nm. These were converted into concen- 
tration changes of oxyhemoglobin and deoxyhemoglo- 
bin with a previously established algorithm.® ° Changes 
in total cerebral hemoglobin concentration were ob- 
tained as the sum of changes in oxyhemoglobin and 
deoxyhemoglobin, and changes in cerebral blood vol- 
ume were calculated from cord hemoglobin concen- 
` tration and changes in total cerebral hemoglobin con- 
centration, assuming a cerebral/large-vessel hematocrit 
ratio of 0.69.’ Fetal heart rate (FHR) and uterine ac- 
tivity were monitored continuously with a cardiotoco- 
graph (Hewlett Packard 80300A, Hewlett Packard, 
Andover, Mass.). All data were recorded simulta- 
neously onto magnetic disk for subsequent analysis. 


Results 


Data were obtained without difficulty from all eight 
fetuses. Observations were available during 82 contrac- 
tions, of which 20 were associated with FHR decelera- 
tions (a fallin FHR of =15/min for =15 seconds). 

During normal contractions (n = 44) in six of the 
eight fetuses, oxyhemoglobin and deoxyhemoglobin 
fell from the baseline, the mean fall being 0.50 + SD 
0.27 wmol/100 gm brain tissue and 0.78 + 0.60 
pmol/100 gm, respectively (Figs. 2, a, and 3). Total 
hemoglobin concentration fell by 1.15 + 0.60 
pmol/100 gm and cerebral blood volume by 
0.70 + 0.39 ml/100 gm. The changes in cerebral he- 
moglobin concentrations occurred simultaneously with 
contractions. Twenty early FHR decelerations were ob- 
served in five of these six fetuses. As with normal con- 


tractions, the FHR decelerations were associated with 


a fall in oxyhemoglobin of 0.87 + 0.54 wmol/100 gm; 
in contrast, deoxyhemoglobin always rose (Figs. 2, 8, 
and 3) by 1.1 + 0.60 pmol/100 gm (p< 0.01 vs 
change in deoxyhemoglobin in normal contractions, 
analysis of variance), indicating transient cerebral de- 
saturation. 

In the remaining two fetuses a different pattern was 
observed during normal contractions (n = 18), with a 
consistent rise in both oxyhemoglobin and deoxyhe- 
moglobin of 0.71 + 0.43 pmol/100 gm and 
1.22 + 0.55 pmol/100 gm, respectively. Total hemo- 
globin concentration rose by 1.86 + 0.95 pmol/100 gm 
and cerebral blood volume by 0.97 + 0.52 ml/190 gm. 
No decelerations were observed in these two fetuses. 
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Fig. 2. Changes from an arbitrary baseline in the cerebral 
concentrations of oxvhemoglobin (dotted line), deoxyhemoglo- 
bin (dashed line), and total hemoglobin (solid line) in the same 
fetus during two normal contractions (a) and a contraction 
with an early FHR deceleration (b). 


In seven fetuses mean cerebral hemoglobin oxygen 
saturation was calculated during 14 normal contrac- 
tions (range 1 to 3 per fetus, median 2) where 
oxyhemoglobin and deoxyhemoglobin changed in 
parallel. With the formula Mean cerebral hemoglobin 
oxygen saturation percent = 100 x Change in con- 
centration of oxyhemoglobin/Change in concentration 
of oxyhemoglobin + deoxyhemoglobin, an estimate 
for mean cerebral hemoglobin oxygen saturation of 
43% + 10% (SD) was obtained. In one of the two fe- 
tuses in whom observations were continued until de- 
livery, mean cerebral hemoglobin oxygen saturation re- 
mained in the range of 50% to 64%, the cord arterial 
oxygen tension was 2.0 kPa, and the pH, 7.31. In the 
other, however, mean cerebral hemoglobin oxygen sat- 
uration fell from 35% + 2% to 1% + 3% (Fig. 4); in 
this infant the cord arterial oxygen tension was 1.2 kPa 
and pH, 7.17. 


Comment 


These data describe the effects of uterine contrac- 
tions with and without fetal heart rate decelerations on 
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Fig. 3. Data from six fetuses showing maximum changes in cerebral oxyhemoglobin, deoxyhemo- 


globin, and total cerebral hemoglobin concentration during normal uterine contractions (open circle), 
and those with FHR decelerations (solid circle). Mean values + SD are indicated. 
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Fig. 4. Change in oxyhemoglobin and change in oxyhemo- 


globin plus deoxyhemoglobin during the first and second 
stages of labor in one fetus. Each point represents a 10-second 


collection of data during three consecutive contractions 165., 


to 141 minutes (a) and 23 to 18 minutes (b) before delivery. 
Mean cerebral hemoglobin oxygen saturation calculated from 


the, least-mean-squares regression was 35% + 2% (a) and 


1% + 3% (b). 


+ 


human fetal cerebral hemoglooin concentration, blood 
volume, and oxygenation. Comparison with other re- 
ports is difficult because there are no previous data ` 
from human studies and no animal experiment has, 
measured similar hemodynamic variables. However, 
the fall in cerebral blood flow" and cerebral oxygen 
consumption” associated with head compression in. fe- 
tal sheep suggests that the change in total hemoglobin 
concentration observed during normal uterine con- 
tractions probably reflected a balance between direct 
pressure effects, reducing cerebral blood flow and ob- ' 
struction of venous drainage. The usual change in ce- 
rebral blood volume observed with normal contractions 
implied a fall in‘ total cerebral blood volume of 30%, — 
assuming neonatal values for cerebral blood volume.’ 
Fetal heart rate decelerations were uniformly associated 
with transient cerebral desaturation, which was pre- 
sumably caused by a reduction in cerebral oxygen de- 
livery, Although we cannot ru.e out an effect on our 
results of a small change in the optical path-length dur- 
ing contractions, any such change could not -have 


.caused the large alterations in variables reported here. 


In the future continuous measurement of path- nee 
will be possible.” 

Our study reports the first measurements of fetal 
mean cerebral hemoglobin oxygen saturation.’ The 
measurements were made during contraction-related 
changes in total cerebral hemoglobin concentration 
when oxyhemoglobin and deoxyhemoglobin rose or `. 
fell in constant proportion, indicating that global ‘sat- 
uration remained unchanged during the contraction. - 
As such the measurement represented an average of 


k 
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oxygen saturation throughout the brain. The relation 
between mean cerebral hemoglobin oxygen saturation 
and arterial or venous oxygen saturation is thus not 
necessarily linear; changes in the volume of a vascular 
compartment will affect the average saturation. How- 
ever, changes in compartmentalization of blood durin g 
a measurement would cause the relation between oxy- 
hemoglobin and deoxyhemoglobin to be nonlinear and 
this can be detected by near-infrared spectroscopy. 
: Also, significant falls in cerebral oxygen delivery will 
be observed (as in our study) because the fall in global 
saturation is bigger than any possible effect of a change 
in compartment size. 

The need for a method to assess fetal brain oxygen- 
ation has been previously emphasized." At present the 
degree of hypoxemia to which a fetus is exposed during 
labor can be assessed by measuring acid-base status 
from intermittent scalp blood samples? or retrospec- 
tively from the umbilical cord blood, or by attempting 
to measure the pH,” oxygen tension,’ or saturation’ of 
the fetal scalp blood. The technique of near-infrared 
spectroscopy has several features that recommend it 
for intrapartum monitoring of the fetus. It is the first 
technique to allow continuous bedside monitoring of 
changes in human fetal cerebral hemoglobin concen- 
tration and oxygenation during labor. As an optic 
method it does not require electric coupling with the 
skin. Unlike scalp pulse oximetry, near-infrared spec- 
troscopy directly interrogates the brain and is not de- 
pendent on the presence of an arterial pulsation. Near- 
infrared spectroscopy should supplement the present 
methods available for diagnosing fetal compromise in 
labor, such as FHR monitoring and scalp blood pH 
studies, and finally lead to a better understanding 
of the pathophysiologic characteristics of intrapartum 
cerebral hypoxemia. 


We thank P. Hurley and the obstetric consultants and 
labor ward staff at University College Hospital for their 
help. 
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Risk factors for small-for-gestational-age birth in a 
preterm population 


Janet M. Lang, PhD, ScD, Amy Cohen, AB,’ and Ellice Lieberman, MD, DrPH”: 
Boston, Massachusetts 


OBJECTIVE: The objective of this study was to discover any distinct risk factors for small-for-gestational- 
age birth among premature infants. 

STUDY DESIGN: Demographic and obstetric risk factors were compared for 136 smail-for-gestational-age 
prematures and 636 appropriate-for-gestational-age premature infants. 

RESULTS: Three significant risk factors for growth retardation among premature infants were found: black 
maternal race (odds ratio 2.2; 95% confidence interval (1.4 to 3.5); maternal toxemia (odds ratio 3.2; 95% 
confidence interval 1.7 to 6.1); and either low maternal weight gain (odds ratio 4.0; 95% confidence 
interval 1.8 to 8.8) or missing information on maternal weight gain, which could be a marker for late or no 
prenatal care (odds ratio 4.9; 95% sonfidence interval 1.9 to 12.6). Maternal smoking rates were similar in 
the small- and appropriate-for-gestational-age groups (42% and 43%, respectively). 

CONCLUSIONS: Toxemia, weight gain, and race are likely risk factors for small-for-gestational-age birth in 


both preterm and term populations; within the already high-risk domain of prematurity, maternal smoking 
did not appear to confer added risk for small-for-gestational-age birth. (Am J OBSTET GYNECOL 


1992:166:1374-8.) 


Key words: Infant, small-for-gestational-age; infant, premature; infant, low-birth-weight 


The incidence of intrauterine growth retardation has 
been estimated at 20% to 41% among preterm infants 
(infants born before 37 weeks’ gestation).'* Premature 
small-for-gestational-age (SGA) infants, when com- 
pared with appropriate-for-gestational-age (AGA) in- 
fants of similar gestational age, have been found to 
more frequently have low Apgar scores and to be more 
likely to require resuscitation at birth.2 Additionally, 
such SGA preterm infants have been noted to be at 
increased risk for apnea, seizures, and neonatal death.’ 
Heinonen et al.° have noted that the neonatal course 
of such infants is more likely to be complicated. In a 
population-based study in Finland they found that 
among preterm SGA infants 98% (48 of 49) had com- 
plications of some type during the neonatal period as 
compared with 78% (53 of 68) AGA premature infants. 

Although risk factors for the eccurrence of term SGA 
have been examined in the literature,** risks for pre- 
term SGA birth have been less frequently investigated. 
Hack and Fanaroff,' in a study of 182 very-low-birth- 
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weight infants admitted to a neonatal intensive care unit 
(35 SGA and 147 AGA), noted that pregnancy-related 
hypertension was positively associated with SGA birth. 
Heinonen et al.’ in a study of 117 preterm infants (49 
SGA, 68 AGA) noted that the occurrence of preterm 
SGA was associated with maternal essential hyperten- 
sion and toxemia. . 

In this paper we evaluate potential risk factors as- 
sociated with the occurrence of preterm SGA birth 
among very-low-birth-weight infants and note how 
these risk factors compare with established risks for 
term SGA birth. 


Methods 


To recruit subjects for the National Collaborative 
Study of Patent Ductus Arteriosus, 3490 very-low-birth- 
weight babies were monitored at 13 clinical centers. All 
monitored babies weighed between 500 and 1750 gm 
at birth and had an expected viability of at least a few 
hours. Demographic information and details regarding 
the course of pregnancy and delivery were obtained 
from medical records and maternal postpartum inter- 
views. Further details regarding data collection for this 
collaborative study have been reported elsewhere.® 

Gestational age was determined by physical exami- 
nation of the infant, according to the method of Du- 
bowitz et al.’ The gestational age for this study popu- 
lation was restricted to 30 and 3] weeks as a conse- 
quence of the weight criteria for inclusion in the 
collaborative study (500 to 1750 gm). For some gesta- 


Volume 166 
Number 5 


tional ages, excluded babies <500 gm would more likely 
be SGA than AGA; for other gestational ages, excluded 
babies >1750 gm would more likely be AGA than SGA. 
To minimize this differential exclusion of SGA or AGA 
babies, we restricted the study to those gestational ages 
where few babies were excluded from the study base 
either because of low (<500 gm) or higher (> 1750 gm) 
birth weights. We defined those gestational ages as ones 
where birth weight distributions became near normal 
and assessed this criterion by the comparability of the 
median and mean birth weights. For the gestational 
ages of 30 and 31 weeks, the median sex-specific birth 
weight exceeded the mean sex-specific birth weight by 
only 9 to 34 gm. 

Babies were categorized as SGA if their birth weight 
was <10th percentile of gender-specific weights given 
by Williams et al.* All other babies were categorized as 
AGA. For 30 weeks’ gestation the 10th percentile values 
for males and females were 1007 and 902 gm, respec- 
tively; for 31 weeks’ gestation the values were 1159 and 
104] gm. 

Rates of SGA were calculated for each gestational 
age group. Crude comparisons between the SGA and 
AGA groups were then made along a number of ma- 
ternal demographic and medical variables. 

Adjusting only for infant gender and gestational age, 
the effect of race was evaluated by means of a logistic 
model. Effects of other maternal demographic char- 
acteristics and variables describing the pregnancy and 
delivery were then examined by adding each variable 
in turn to the logistic model that already included vari- 
ables for gestational sge, gender, and race. Finally, a 
more fully adjusted model was constructed in which a 
number of potential risk factors were simultaneously 
included in the model. For all the logistic regressions, 
the effects are summarized by odds ratios and 95% 
confidence intervals. 


Results 


Data were evaluated from 772 singleton, premature, 
very-low-birth-weight babies, 136 SGA babies, and 636 
AGA babies. The overall rate of SGA in this premature 
population was 17.6%. This rate was similar across the 
two gestational age categories (17.1% at 30 weeks’ ges- 
tation and 18.2% at 31 weeks, Table I). Although the 
mean birth weight varied by gestational age, the mean 
difference between SGA and AGA birth weights was 
relatively uniform across the two gestational age cate- 
gories, with SGA infants weighing about 400 gm less 
than AGA infants. 

Other characteristics of the SGA and AGA groups 
are given in Table If. SGA and AGA babies differed 
in race and a number of other maternal characteristics, 
with the largest crude differences being in education, 
prepregnancy weight, weight gain, multivitamin and 
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Table I. SGA status by gestational age 








Gestational age 


30 wk 31 wk 
(n = 414) (n = 358) 


SGA 
No. 71 65 136 
Birth weight 
(gm) 
Mean 858 290 921 
Minimum 510 500 510 
Maximum 1006 1150 1150 
AGA 
No. 343 293 636 
Birth weight 
(gm) 
Mean 1267 1392 1324 
Minimum 907 1050 907 
Maximum 1740 1750 1750 
Rate of SGA 17.1% 18.2% 17.6% 
Mean SGA — — 409 — 402 — 403 
mean AGA 


iron supplementation use, toxemia or other hyperten- 
sion, and type of labor (spontaneous or not). ‘There 
were only small differences between the SGA and AGA 
babies in maternal age and maternal smoking during 
this pregnancy. The individual and combined effects 
of these factors were evaluated with a series of logistic 
regressions. Seven factors were significantly related to 
the risk of preterm SGA birth in simple models that 
adjusted for only gestational age, gender and race: tox- 
emia, other hypertension, maternal weight gain, pre- 
pregnancy weight, multivitamin and iron supplemen- 
tation use, maternal employment, and type of labor. 
However, only race, toxemia, and gaining =5 pounds 
during the pregnancy or having no information about 
weight gain available remained significantly associated 
with preterm SGA in the more fully adjusted model 
(Table III). 


Comment 


Low birth weight can result from either a short ges- 
tation (preterm birth), growth retardation (SGA birth), 
or both. We have previously argued that these separate 
routes to low birth weight must be studied separately 
to discover any distinct risk factors.*° 

In this study we have focused on SGA birth among 
premature infants, comparing the prenatal experiences 
of preterm SGA babies with those of preterm AGA 
babies. We compared the two groups in the largest 
study to date along 23 demographic, medical, and ob- 
stetric factors (Table II). Although there were a 
number of crude differences between the groups, 
after adjusting for the joint effects of all of these factors, 
the risk of SGA among preterm births increased in- 
dependently with only three factors: black maternal 
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Table II. Maternal characteristics of SGA and AGA groups 


Dermographic factors 
Race (% black) 
Maternal age 
Mean (yr) 
<20 (%) 
Maternal éducation <12 yr (%) 
Maternal unemployment (%) 
Cigarette smoking during pregnancy (%) 
Medications during pregnancy (%) 
Aspirin. 
Acetaminophen 
Antihistamines 
Antibiotics 
Obstetric factors 
Maternal prepregnant weight 
Mean (lb) 
119 Ib (%) 
120-159 lb (%) 
=160 Ib (%) 
Missing (%) 
Parity (24) 
Prior abortions (%) 
Weight gain 
Mean (ib) 
=5 Ib (%) 
>5, =10 Ib (%) 
>10, =15 lb (%) 
>15 Ib (%) 
Missing (%) 
Multivitamin use (%) 
Iron supplements used (%) 
Toxemia (%) 
Cther hypertension (%) 
Anemia (%) 
Eclampsia (%) 
Diabetes (%) - 
Venereal disease (%) 
Urinary tract infection (%) 
No spontaneous onset of labor (%) 


race (odds ratio 2.2, 95% confidence interval 1.4 to 3.5), 
the incidence of maternal toxemia during the preg- 
nancy (3.2, 1.7 to 6.12), and maternal weight gain, spe- 
cifically the categories of =5 pounds during the preg- 
nancy (4.0, 1.8 to 8.8) and no available information 
about maternal weight gain (4.9, 1.9 to 12.6). Previous 
studies have reported similar crude associations in pre- 
term infants." * For example, Hack and Fanaroff? re- 
ported rates of pregnancy-related hypertension of 26% 
for SGA mothers and 8% for AGA mothers; Heinonen 
et al. reported rates of toxemia and hypertension 
of 41% for SGA mothers and 7% for AGA mothers. 
These numbers are similar to the rates found in this 
study, 26% toxemia or hypertension for SGA moth- 
ers versus 11% for AGA mothers. However, neither 
previous study reported results from multivariate mod- 
els adjusting for a range of potential confounding 
factors. 

The risk factors we found for SGA birth among pre- 
matures (toxemia, maternal weight gain, and race) are 
also risk factors for SGA birth among term babies.* ° 
Growth retardation as a consequence of toxemia has 
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been frequently reported.* ° The role of low maternal 
weight gain is more problematic; low maternal weight 
gain may be a cause of growth retardation or another 
factor may influence both growth retardation along 
with factors related to weight gain. We interpret the 
high risk of SGA associated with missing information 
about weight gain to suggest that this unavailability is 
a likely marker for poor or late prenatal care, situations 
where weight gain information would not be routinely 
available. As for the role of race, although it consistently 
predicts adverse birth outcomes,* *''? it may not do so 
in a strictly causal fashion. Black race may be a marker 
for a residual cluster of “bad experiences,” social, eco- 
nomic, behavioral, and medical, that cause SGA. 
Cigarette smoking during the pregnancy has been 
found to be a major risk factor for term SGA 
birth.*.'? 8 We did not find it to be a risk factor for SGA 
birth among premature infants. Other studies of SGA 
among preterm infants either reported no information 
about smoking! or reported only that their numbers 
were too small to evaluate its effect.’ In our study 328 
women reported smoking during pregnancy. However, 
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Table III. Adjusted" odds ratios and 95% ondene intervals for potential risk factors for SGA among 


premature infants — 


Factors 


Black race 
Toxemia 
. Other hypertension ; 
Weight gain (reference >15 Ib) 
=5 lb. 
>5,=10lb°: - 
>10, =15 lb 
Missing 
Prepregnant weight (reference 120 to 159 Ib) 
=119 ib 
=160 Ib 
Missing 
Smoking (reference never} 
Past only 
Current 
v2 pack/day 
, l pack/day 
'>] pack/day 
Missing ' 
Parity (=1) 
Maternal age (reference 20 to 29) 
=17 yr 
18-19 yr 
30-34 yr 
>34 yr 
Education 
Low 
Missing 
Unemployed 
Missing 
Multivitamins or iron 
Aspirin 
Acetaminophen , 
No.spontaneous labor 


© `" Odds ratios - 


! 


95% Confidence intervals 


2:2 l 1.4, 3.5 
ae L7, 61 
L5 oa < 0.6, 3.8 
4.0. 1.8, 8.8 
17 0.9, 3.5 
1.4 0.8, 2.6 
4.9 `. 1.9, 12.6 
1.0 0.6, 1.6 
1.5 ` 0.8, 3.0 
0.5 0.2, 15 


pt 
£ 
© 
= 
Sorel 
(no 


1.2 0.7, 2.3 
0.9 0.5, 1.6 
1] 0.5, 2.6 
1.0 0.2, 3.9 
1.0 : 0.6, 1.7 
Li 0.5, 2.2 
1.3 0.7, 2.5 
0.7 04, 15 
1.3 0.5, 3.1 . 
1.3 0.7, 24 
0.5 0.1, 24 
|7 1.0, 2.9 
1.7 0.4, 6.6 
0.7 0.4, 1.3 
1.2 0.5, 2.2 
id 07,19 
1.3 0.7, 23 





-*Estimates are adjusted simultaneously for gestational age and gender, plus all of the variables listed in this table. 


the’ proportions were quite similar in the SGA and AGA 
groups (42% and 43%, respectively). - 

Although ours-is the largest study to date of risk 
factors for SGA birth within a preterm population, the 
study is not without its limitations. Because the data 
from 30% of the women in our study did not contain 
information about their last menstrual period, (LMP), 
we estimated the gestational age of infants from Du- 
.bowitz infant scores’ rather than from the LMP. Spin- 
‘nato et al.™* have shown that Dubowitz ages are system- 
atic overestimates of (clinically corroborated) LMP de- 
rived ages, especially for infants <33 weeks’ gestation. 
However, this careful comparative study found no ev- 
idence that. Dubowitz ages were differentially inaccu- 
rate for SGA versus AGA babies. Thus thé consequence 
of using gestational age estimates derived from Du- 
bowitz scores rather than (clinically corroborated) LMP 
reports is that the percent of SGA may be overestimated 


because the use of a cut-off value for a higher Dubowitz | 


‘gestational age (rather than thé lower LMP gestational 
age) may misclassify as SGA some babies who are really 
AGA. The effect of this nondifferential misclassifica- 
tion would be to dilute the observed results in the di- 


= 


rection of the null. Therefore positive results that 
emerge in spite of this potential bias (such as the effects 
of black maternal race, maternal toxemia, and maternal 


weight gain) may be underestimates of the true effects 


of those variables. However, for null results (such as 
the effect of maternal cigarette smoking) the-interpre- 
tation is more complicated. The observed null result 
could reflect a true null result, or it could result from 


the dilution (due to nondifferential misclassification) of 


a small-to-moderate-sized éffect. Neither option can 
be conclusively excluded on the basis of this study 
alone. = | 
The effect of maternal smoking on risk of SGA birth 
among premature infants remains an open question, 


although the combination of positive and null results 


from this study suggests that within the already high- 
risk domain .of premature infants, maternal smoking 
may not confer any added risk for SGA status. How- 
ever, for maternal toxemia, weight gain, and race, all. 
three are risk factors for prematurity among AGAs,-for 


. SGA among term babies,* '*'? and, as suggested by the 
. present study, risk factors for SGA among premature 


infants. 


Lang, Cohen, and Lieberman 
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Treatment of unruptured tubal pregnancy by laparoscopic 
instillation of hyperosmolar glucose solution 


Peter F. Lang, MD, Karl Tamussino, MD, Werner Hénigl], MD, and George Ralph, MD 


Graz, Austria 


Sixty patients with unruptured tubal pregnancy were treated with local laparoscopic instillation of 50% 
glucose solution. This treatment was successful in 49 (98%) of 50 patients with an initial serum human 
chorionic gonadotropin level of <2500 mU/mil and in six (60%) of 10 with an initial level >2500 mU/ml. 
No side effects were seen. The average hospital stay of patients who did not require a second intervention 
was 5.2 days (range 3 to 10). The average time between glucose instillation and the decline of serum 
human chorionic gonadotropin levels below the level of detectability was 21.3 (+ 14.3) and 30.2 (+ 10.9) 
days in patients with serum levels =2500 milU/ml and >2500 mIU/ml, respectively. Five patients (8%) 
underwent a second laparoscopy (n = 4) or laparotomy (n = 1) because of stable or increasing human 
chorionic gonadotropin levels and progressing clinical symptoms. We conclude that laparoscopic instillation 
of hyperosmolar glucose solution is safe, technically simple, and effective in the treatment of unruptured 
tubal pregnancies associated witk a serum human chorionic gonadotropin level <2500 mlU/mi. (Am J 


OBSTET GYNECOL 1992;166:1378-81.) 
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A variety of medical, laparoscopic, and surgical tech- 
niques have been developed to preserve the affected 
tube in those patients with a tubal pregnancy wanting 
to preserve fertility. ? Medical efforts in this direction 
led to the use of methotrexate, which is effective against 
tumors of the trophoblast.*.A similar effect was 
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achieved by prostaglandins.* However, both prosta- 
glandins and methotrexate can cause systemic side 
effects." í 

Laparoscopic local application of hyperosmolar glu- 
cose causes local necrobiosis, and we have used it for 
the treatment of unruptured tubal pregnancies. A pro- 
spective, randomized study showed hyperosmolar glu- 
cose to be as effective as prostaglandins in this setting.’ 
The current report presents our experience with 60 
consecutive patients treated with laparoscopic local in- 
stillation of 50% glucose solution into an unruptured 
tubal pregnancy. 


Patients and methods 


A total of 127 unruptured tubal pregnancies were 
treated at our hospital in the 22-month period between 
February 1, 1989, and December 1, 1990. A diagnosis 
of tubal pregnancy was made on the basis of history, 
clinical and pelvic examination, levels of human cho- 
rionic gonadotropin (hCG) in the urine and serum, and 
vaginal ultrasonographic studies. All diagnoses were 
confirmed by laparoscopy. A total of 77 patients re- 
ceived local medical treatment; 60 of these patients 
were treated with hyperosmolar glucose solution and 
are the subject of this report. The remaining 17 patients 
were treated with prostaglandins according to the pro- 
tocol of an earlier study.’ Preoperative criteria for an 
attempt at treatment with glucose were written: in- 
formed consent, desire for preservation of fertility, and 
stable circulation with no signs of hemorrhagic shock. 
Intraoperative inclusion criteria were complete visu- 
alization of the small pelvis, an intact serosal covering 
of the tube, =200 ml of hematoperitoneum, and no 
active bleeding. 

After inspection of the pelvic organs, any blood pres- 
ent was suctioned out of the abdomen. The affected 
tube was grasped with atraumatic forceps introduced 
through a second, suprasymphyseal incision. Five to 20 
milliliters of a 50% glucose solution was injected into 
the pregnancy through a 15-gauge needle 40 cm long 
introduced through the second suprasymphyseal inci- 
sion. Injection was stopped when there was notable 
swelling of the tube or when glucose solution was seen 
escaping from the fimbrial end of the tube. Any 
residual fluid was suctioned out of the pouch of 
Douglas. 

Pulse, blood pressure, and red blood cell counts were 
monitored for the first 48 hours. hCG levels in the urine 
and serum were measured at least once preoperatively 
and daily during the hospital stay. The overall corre- 
lation between hCG levels in the urine and the serum 
was 0.8 (p < 0.0001, Spearman’s rank correlation test). 
The patients were discharged from the hospital when 
hCG levels declined for 2 subsequent days. Urinary 
hCG levels were measured every 2 to 3 days until they 
declined below 50 mIU/ml, the lower limit of detection 
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Table I. Clinica] data according to initial 
serum hCG concentration of 60 patients 
undergoing laparoscopic instillation of 
hyperosmolar glucose solution into 
unruptured tubal pregnancy (mean + SD) 






Initial serum hCG 






>2500 mIU/ml 

Age (yr) 26.8 + 4.8 27.4 + 5.0 

Gestational age 49.4 + 8.3 47.2 + 7.3 
(days) 

Urinary hCG 811 + 758 4100 + 2644 
(mIU/ml) 

Serum hCG 582 + 533 4348 + 2007 
(mIU/ml) 

Size of pregnancy 3.0 x 1.5 3.3 xX 1.8 
(cm) 

Hemoperitoneum 20 + 3] 22 29 
(ml) 

Localization 56 40 
(right) 

Primigravid 34 . 50 
women (%) 


(Test Pack HCG urine, Organon Teknika, Boxtel, 
Netherlands). Thereafter, hCG levels were measured 
in the serum (hCG MAIA clone immunoradiometric 
assay, magnetic solid phase; Serono Diagnostics, Nor- 
well, Mass.) at 1-week intervals until the lower limit of 
detection (5 mIU; ml) was reached. All patients were 
offered hysterosalpingography 3 months or more after 
the procedure. 


Results 


The clinical data of the patients are shown in Table 
I. Fifty-seven of the tubal pregnancies were located in 
the ampullary or isthmoampullary portion of the tube; 
three were located in the tubal isthmus. The average 
hospital stay of the 55 patients who did not require a 
second operation was 5.2 days (range 3 to 10). The 
patients were separated into two groups on the basis of 
preoperative serum hCG levels of =2500 mIU/ml 
(n = 50) and >2500 mIU/ml (n = 10). There were no 
differences in the results according to the amount of 
glucose injected. 

Tubal pregnancies with initial serum hCG =2500 
mIU/ml. The courses of serum hCG levels in these 50 
patients are shown in Fig. 1. Glucose instillation was 
successful in 49 (98%) patients. The average time be- 
tween glucose instillation and the decline of serum hCG 
below the level of detectability was 21.3 (+ 14.3) days. 
One patient with an initial serum hCG level of 1200 
mIU/ml undewent a second laparoscopy 28 days after 
the first procedure because of a renewed increase of 
hCG levels and lower abdominal pain. The pregnancy 
had not yet ruptured but was larger than at primary 
surgery; the affected tube was removed endoscopically 
at the patient’s request. 
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Fig. 1. Mean course of hCG excretion in 50 patients with initial serum hCG level =2590 mIU/ml 
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(dashed line, SD). Lowzr solid line represents course of 49 patients treated EEA and upper solid 
line shows course of patient who required reintervention (arrow). l 
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Fig. 2. Mean course of hCG excretion in 10 patients with mii serum hCG level >2500 miU 
(dashed lines, SD). Upber solid line indicates course in three patients who required reintervention 
(arrows). Lower solid line indicates course in six patients treated successfully. Patient who underwent 
laparotomy for ruptured tubal pregnancy on day 32 did not undergo follow-up examinations. 


Tubal pregnancies with initial serum hCG >2500 
mIU/ml. The courses of the serum hCG levels in these 
10 patients are shown in Fig. 2. Local glucose instillation 
was successful in six (60%) patients. The average time 
between glucose instillation and the decline of serum 
hCG below the level of detectability was 30.2 (+ 10.9) 
days. Four patients underwent a second operation at 
1,9, 11, and 32 days, respectively. One of these patients 
had an isthmic tubal pregnancy. Three patients un- 
derwent a second’ laparoscopy with salpingectomy 
(n = 2) or salpingotomy (n = 1). One patient did not 


come to follow-up examinations and underwent lapa- . 


rotomy for a ruptured tubal pregnancy at another hos- 
pital 32 days after glucose instillation: 
HOON: -up. Twenty-t two patients underwent hysteri O- 


salpingography 3 to 6 months after glucose instillation. 
Patency and normal configuration of the affected tube 
were seen in 18 patients; four patients showed occlusion 
of the affected tube.. Twelve patients achieved an in- 
trauterine pregnancy. Two of these patients probably 
became pregnant through the affected tube because 
hysterosalpingography had shown occlusion of the con- 
tralateral tube. Two patients developed a renewed tubal 
pregnancy (one in the contralateral and one in the same 
pune): | 


Comment 

Highly sensitive and specific hCG assays and vaginal 
ultrasonography have made possible the early diagnosis 
and treatment of tubal pregnancies before rupture.*° 
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The higher the hCG level, the greater the mass of viable 
trophoblastic tissue and the greater the risk of rup- 
ture.'° Pansky et al." have recently reviewed nonsurg- 
ical modalities for the management of tubal pregnancy. 

Local application of methotrexate or prostaglandins 
has been successful in about 80% to 90% of unruptured 
tubal pregnancies.’*’* However, both substances can 
cause systemic side effects, and the application of 
methotrexate in the immediate vicinity of the ovary 
seems at least questionable. Hyperosmolar glucose 
causes local dehydration and necrobiosis of the tro- 
phoblastic tissue and thus resolution of the tubal preg- 
nancy. A second laparoscopy of isolated patients has 
shown no signs of damage to the tubal wall. None of 
the patients in the current series had side effects at- 
tributable to glucose instillation. 

The average time required for serum hCG levels to 
decline below the level of detectability (21.3 = 14.3 
days in patients with an initial level of =2500 mIU/ml) 
is of concern insofar.as the patients must be followed 
during this period. The decline in nCG levels is ob- 
viously more precipitous after interventions such as sal- 
pingotomy or salpingectomy that remove the tropho- 
blast. However, in a study comparing glucose instilla- 
tion with prostaglandin treatment there were no 
differences in the resolution time of hCG levels.’ In a 
series of 12 patients treated by transvaginal intratubal 
methotrexate administration, Tulandi et al. reported 
a resolution time of 14 to 120 days from injection to 
undetectable hCG levels. However, the initial serum 
hCG levels in these patients ranged from 1593 to 21,000 
mIU/ml. The mean resolution time in a series of 14 
patients with initial hCG levels of 78 to 8000 mIU/ml 
given only expectant treatment was 20.3 + 13.1 days.’ 
Overall, it is difficult to compare the hCG resolution 
times among different studies because of different in- 
clusion. criteria, particularly initial hCG levels. | 

The long average hospital’ stay of the successfully 
treated patients in this series (5.2 days) was mainly due 
to the design of the research protocol. Also, the health 
care system in Austria reimburses hospitals for the 
number of days a patient is in the hospital and patients 
thus tend to be hospitalized longer than necessary. We 
now discharge clinically stable patients on the day after 
surgery if the hCG is not rising and follow them on an 
outpatient basis. 

The tubal mucosa is not a favorable site for nidation, 
and tubal pregnancies can heal spontaneously." In the 
largest study of initial expectant management, Fernan- 
dez et al.'® found nine (64%) of 14 ampullary tubal 
pregnancies to resolve spontaneously. Seven of these 
nine patients had initial hCG levels =1000 mIU/ml, as 
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did 43 patients in our series. However, at present it is 
difficult to distinguish between pregnancies that will 
resolve spontaneously and those that will rupture the 
tube." 

The results of this series suggest that local instillation 
of hyperosmolar glucose is safe, effective and free of 
side effects in the treatment of unruptured tubal ges- 
tations with a serum hCG level $2500 mIU/ml. The 
technique is simple and the integrity of the tubal wall 
is preserved. Glucose instillation does not seem indi- 
cated for ectopic gestations associated with a serum 
hCG level >2500 mIU/ml. 
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The relationship between acute inflammatory lesions of the 
preterm placenta and amniotic fluid microbiology 


Roberto Romero, MD, Carolyn M. Salafia, MD, Apostolos P. Athanassiadis, MD, 
Shuichi Hanaoka, MD, Moshe Mazor, MD, Waldo Sepulveda, MD, and 


Michael B. Bracken, PhD 


New Haven and Danbury, Connecticut, and Detroit, Michigan 


OBJECTIVE: Our objective was to determine the relationship between microbial invasion of the amniotic 
cavity and the presence and severity of acute inflammatory lesions in the placenta. 

STUDY DESIGN: Placental histologic and amniotic fluid microbiologic studies were performed in 92 
consecutive patients who were admitted with preterm labor and intact membranes and delivered within 48 


hours after amniocentesis. 


RESULTS: Tre prevalence of a sass amniotic fluid culture was 38% (35 of 92). There was a strong 
association between the presence and severity of inflammation in the amnion, chorion-decidua, umbilical 
cord, and chcrionic plate and the results of the amniotic fluid culture (p < 0.0001 for each tissue section): 
Three patterns of inflammation of the chorion-decidua were identified: marginating, nonmarginating, and a 
mixed pattern..The marginating and the mixed patterns of inflammation were strongly associated with he 
presence of a positive amniotic fluid culture. Acute inflammation of the chorionic plate was the most ` 
sensitive indicator of a microbial invasion of the amniotic cavity (sensitivity 96.6%), and funisitis and 


umbilical vasculitis had the highest specificity (85.7%). 


CONCLUSION:. The presence of acute inflammatory lesions of the choriocamniotic membranes can serve 
as a marker of microbial invasion cf the amniotic cavity. (Am J OssteT GYNECOL 1992;166:1382-8.) 


Key words: Chorioamnionitis, intraamniotic infection, placenta, preterm labor, prematurity, 


parturition, inflammation 


Acute inflammation of the chorioamniotic mem- 
branes is one of the most common histopathologic le- 
sions of the placenta. Traditionally, histologic cho- 
rioamnionitis has been considered an indicator of am- 
niotic fluid infection.'® However, there is a paucity of 
scientific evidencé to support this view. Previous studies 
have demonstrated an associztion between acute in- 
flammatory lesions of the placenta and the recovery of 
microorganisms from the subchorionic plate® and the 
chorioamniotic space.'' However, recovery of. micro- 
organisms trom these extraamniotic sites cannot be 
used as proof of an amniotic ‘luid infection. It seems 
logical that the evidence supporting a relationship be- 
tween histologic chorioamnionitis and amniotic fuid 
infection, can only be derived from a comparison of 
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pathologic placental examination and amniotic fluid 
microbiologic studies. Only one study has examined the 
relationship between amniotic fluid microbiologic fea- 
tures and placental pathology; this study used trans- 
cervical collection of amniotic fluid for microbiologic 
studies and therefore is limited in its ability to discrim- 
inate between specimen contamination and the true 
microbiologic state of the amniotic cavity.” Another 
limitation of this study is that patients had their mem- 
branes ruptured, which could lead to intrapartum mi- 
crobial invasion of the amniotic cavity and cloud inter- 
pretation of the data. 

The purpose of this study was to determine the re- 
lationship between the presence, severity, distribution, 
and pattern of acute inflammatory lesions of the pla- 
centa and microbiologic findings of the amniotic fluid. 
To study this issue we have used a unique data set: 
microbiologic studies of amniotic fluid and placentas 
obtained from women with preterm labor and intact 
membranes who were delivered within 48 hours of am- 
niocentesis. 


Material and methods 

The placental histologic types and amniotic fuid mi- 
crobiologic features were examined in consecutive pa-. 
tients admitted to Yale-New Haven Hospital who met 
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Table I. Grading system for acute intrauterine inflammations 


Amnion and chorion-decidua 


Grade 1: One focus of at least five polymorphonuclear leukocytes 
Grade 2: More than one focus of grade 1 inflammation or at least one focus of 5 te 20 polymorphonuclear leukocytes 


Grade 3: Multiple or confluent foci of grade 2 
Grade 4: Diffuse and dense acute inflammation 
Umbilical cord 


Grade 1: Polymorphonuclear leukocytes within inner third of umbilical vein wall 

Grade 2: Polymorphonuclear leukocytes within inner third of at least two umbilical vessel walls 
Grade 3: Polymorphonuclear leukocytes in perivascular Wharton jelly 

Grade 4: Panvasculitis and funisitts extending deep into Wharton jelly 


Chorionic plate 


Grade 1: One focus of at least five polymorphonuclear leukocytes in subchorionic fibrin 


Grade 2: Multiple foci of grade 1 in subchorionic fibrin 


Grade 3: Few polymorphonuclear leukocytes in connective tissue or chorionic plate 
Grade 4: Numerous polymorphonuclear leukocytes in chorionic plate and chorionic vasculitis 


Modified from Salafia et al." 


these criteria: (1) preterm labor with intact membranes 
(gestational ages 22 to 36 weeks) and (2) preterm de- 
livery within 48 hours after amniocentesis. Data from 
some of these patients have been reported in other 
studies by our group; data from placental histologic 
examination have not been previously reported. The 
standard of care at our institution is to offer amnio- 
centesis for microbiologic assessment of the amniotic 
cavity to all women admitted with the diagnosis of pre- 
term labor with intact membranes. Patients gave written 
informed consent for amniocentesis. Additionally, 
some patients gave permission to withdraw additional 
fluid for research purposes. Women with preterm pre- 
mature rupture of membranes were excluded from 
this study because microbial invasion of the am- 
niotic cavity in the context of rupture of membranes 
may be a fundamentally different pathologic process 
to that occurring in preterm labor with intact mem- 
branes. 

After amniocentesis, amniotic fluid was transported 
immediately to the laboratory in a capped plastic sy- 
ringe. These conditions precluded air contact with the 
specimen. Plating occurred within 30 minutes after col- 
lection in most cases. Microbiologic studies included 
amniotic fluid cultures for aerobic and anaerobic bac- 
teria and Mycoplasma hominis and Ureaplasma urealyticum, 
by methods previously described in detail. Placental 
microbiologic studies, including cultures of the sub- 
chorionic fibrin and chorioamniotic space, were not 
performed. This is not the standard of practice in our 
institution. The relationship between cultures from 
these sites and placental histologic type has been ad- 
dressed by other authors.*" 

Gross and microscopic studies of the placentas were 
performed according to an established protocol pre- 
viously described by Salafia et al." This protocol has 
been used for the study of the prevalence and distri- 


bution of acute placental inflammatory lesions in un- 
complicated term pregnancies." Briefly, tissue samples 
included sections of umbilical cord, the chorionic plate 
(taken from:an area with minimal subchorionic fibrin), 
and a roll of membranes extending from the area of 
membrane rupture to the placental margin. All blocks 
of tissue were fixed with 10% buffered formalin and 
embedded in paraffin. Sections of tissue blocks were 
stained with hematoxylin and eosin and read by a peri- 
natal pathologist (C.M.S.) who was blinded to the clin- 
ical information. The presence of acute inflammation 
of the extraplacental membranes, cord, and chorionic 
plate was noted and graded with a semiquantitative 
scale (Table I). Any tissue that contained cells identified 
as polymorphonuclear leukocytes was graded as posi- 
tive for acute inflammation. 

The pattern of inflammation in the chorion-decidua 
was classified as marginating, nonmarginating, or 
mixed, a combination of both. The marginating pattern 
consisted of the presence of neutrophils piled up along 
the interface between the amnion and chorion-decidua 
(Fig. 1). A nonmarginating pattern was defined as any 
other distribution of neutrophils in the chorion-de- 
cidua. Frequently this pattern appears as a destructive 
decidual inflammatory process (necrotizing type of in- 
flammation) (Fig. 2)." 

Contingency tables were generated with each type of 
histologic section (umbilical cord, chorionic plate, am- 
nion, chorion, and pattern of inflammation) and am- 
niotic fluid culture results. A x° for trend was used to 
analyze contingency tables, which included ordered 
data. The data were analyzed with the True Epistat 
statistical package (Epistat Services, Richardson, Tex.). 
A replication study was conducted for the various tissue 
sections, and the intraclass correlation coefficients and 
the 95% confidence intervals were calculated for each 
one.’® Histologic slides from 20 patients were read by 
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Fig. 1. Acute marginating chorioritis-deciduitis, grade 3 (thin 
arrow), and amnionitis, grade 2 (thick arrow). (Hematoxylin and 
eosin. Original magnification x 10.) 


a pathologist (C.M.S.) on 10 different occasions. The 
observer was kept blinded from clinical information 
and previous readings. 


Results 


This study included 92 patients who met the entry 
criteria. Positive amniotic fluid cultures were detected 
in 38% (35 of 92) of the patients. Table II illustrates 
the amniotic fluid microbial isolates from women in this 
study. No correlation could be demonstrated between 
the inoculum size and the severity of inflammation in 
any histopathologic sections. Table II illustrates the 
distribution of acute inflammatory lesions in the mem- 
branes, chorionic plate, and umbilical cord according 
to the result of the amniotic fluid culture. In each in- 
stance the more severe the inflammatory process, the 
more likely it was that the patient had a positive am- 
niotic fluid culture. | l 

There was a correlation between the grade of inflam- 
mation in the amnion and that of the chorion-decidua 
(r = 0.46; b = 0.00004, Spearman rank test). A similar 
correlation was found between the grade of inflam- 
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Fig. 2. Acute nonmarginating (recrotizing) deciduitis, grade 
1, with maternal neutrophils focally present in decidua (arrow 
at junction of cellular and connective tissue chorion). (He- 
matoxylin and eosin. Original magnification x 10.) 


mation of the umbilical cord and in the chorion-decidua 
(r = 0.30; p = 0.01, Spearman rank test). We also 
found a strong correlation between the presence or 
absence of inflammation in the chorionic plate and in- 
flammation in other tissue sections (p < 0.01). How- 
ever, it was not possible to demonstrate a correlation 
between the grade of inflammation in the chorionic 
plate and that observed in any other tissue sections 
(p > 0.05). | 

Table IVA displays the frequency and distribution of 
the pattern of inflammation in the chorioamniotic 
membranes according to the results of the amniotic 
fluid culture. Table IVB disp-ays the results of multiple 
comparisons with partition x”. The presence of any in- 


-flammiation (nonmarginating, marginating, or mixed) 


was significantly associated with a positive amniotic 
fluid culture. Furthermore, inflammation with a mar- 
ginating pattern (alone or with a mixed pattern) was 
also associated with a positive amniotic Huid culture 
when compared with a nonmarginating pattern alone. 
Additionally, inflammation in the chorion-decidua of 
the mixed type was significantly associated with a 
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positive amniotic fluid culture compared with a non- 
' marginating or marginating pattern alone. Finally, in- 
flammation in the marginating pattern alone was sig- 
nificantly associated with a positive culture when com- 
pared with inflammation in only the nonmarginating 
pattern. ; 

_ Table V shows the conventional statistics used to de- 
. Scribe a screening test, which placental examination 
could be with respect to microbial invasion of the am- 
` niotic cavity. In spite of being based on a relatively small 
number, the high sensitivity of the chorionic plate and 
the high specificity of the umbilical cord are clearly 
evident and worth noting. The positive predictive value 
indicates that about 66% of those defined as being in- 
fected would actually be so, but 96.6% (negative pre- 
dictive value) of those defined as not being infected 
would truly not be, given the same prevalence of disease 
found in our study population. 

A replication reliability study was conducted on the 
amnion, chorion-decidua, chorionic plate, and umbil- 
ical cord. The intraclass correlation coefficients and the 
one-sided 95% confidence intervals are presented in 
Table VI. The values indicate excellent agreement for 
readings from umbilical cord and amnion. The agree- 
ments for the chorionic plate and chorion-decidua were 
also very good. . 


Comment 


The results of this study clearly demonstrate a strong 
association between the presence, severity, and distri- 
bution of acute infammatory lesions in the placenta 
and the recovery of microorganisms from the amniotic 
fluid. These findings support the traditional view that 
there is a relationship between the presence of acute 
inflammatory lesions of the placenta and membranes 
and intraamniotic infection. A similar relationship has 
been documented in-the context of term gestation with 
a different method for amniotic fluid microbiologic 
studies (transcervical aspiration).” 

The prevalence of positive amniotic fluid cultures in 
this study was 38%, which is higher than the 21.6% that 
we previously reported in a large prospective study." 
The apparent discrepancy is most likely related to one 
of the enrollment criterion of this study: delivery within 
48 hours of amniocentesis. This criterion was chosen 
~ to restrict the time interval between amniocentesis and 
delivery, so that the microbiologic status of the amniotic 


cavity and histologic examination of the placenta could | 


be compared in a temporally meaningful way. In pre- 
vious studies we have documented that women with 
positive amniotic fluid cultures have a shorter interval 
between amniocentesis and delivery than women: with 
negative cultures.’® . 


We examined the frequency and degree of acute in- . 
flammatory lesions in several tissue sections, including | 


“, 
' 
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Table II. Microbial isolates from patients with 
positive amniótic fluid cultures 


Microorganisms | Incidence 


Mixed infection* 

| Fusobacterium sp. 

` Gardnerella vaginalis 
Mycoplasma hominis 
Ureaplasma ureaiylicum 
Peptosireptococsus 
Bacteroides sp. 

_ Lactobacillus sp. 
Streptococcus viridans 
Streptococcus agalactiae 

. Haemophilus influenzae 
Veillonella parvula 
Staphylococcus aureus 
Capnocylophaga 


pa eee NO pe Tt O C T 


*More than three microorganisms isolated from a patient. 


the umbilical cord, chorionic plate, amnion, and cho- 
rion-decidua. These tissue sections afford the possibil- 
ity of examining both fetal and maternal responses to 
the presence of an intraamniotic infection. Although 
funisitis, umbilical vasculitis, and chorionic vasculitis 
are fetal responses,'* '* neutrophil infiltration of the 
chorionic plate, amnion, chorion, and decidua are es- 
sentially the consequence of a maternal response to 


. infection. ê 


Our data showed a correlation between the presence 
and degree of inflammation in the amnion and chorion- 
decidua tissue sections. Because neutrophils in the. 
avascular amnion and chorion-decidua are of maternal 


-origin and these tissues are immediately adjacent to 


each other, it 1s not surprising to find a high degree of 
correlation between the severity of inflammation in 
these tissue sections. Similar observations have been 
reported in studies of placentas of women at term.” 

In spite of the strong association between the pres- 
ence or absence of inflammation in the chorionic plate 
and inflammation in other tissues sections, we could 
not demonstrate a correlation between the grade of 
inflammation in the chorionic plate and that observed 
in any other tissue sections. The degree of inflamma- 
tion in the chorionic plate was often more severe 
than the one observed in other tissue sections. The 
higher sensitivity, of the chorionic plate in the de- 
tection of a positive amniotic fluid culture can be at- 
tributed to the greater blood flow and availability of 
neutrophils in the intervillous space (in direct proximity 
to the chorionic plate) than that in the decidua cap- 
sularis. ae | 

Although inflammation of the umbilical cord was the 
least sensitive indicator of a positive amniotic fluid cul- 
ture, it had the highest positive predictive value. The 


. lower sensitivity is easily explained if one takes into 


account the physical.distance between the chemotactic 
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Table III. Presence and mick of inflammatior. in different tissue sections according to amniotic fluid 
culture results. 








Tissue Culture 
Amnion Negative 
Positive — 6 
Chorion-decidua Negative 25 E 
Positive 2 Zz 
Umbilical cord Negative 42 z 
' , Positive 9 Ç 
Chorionic plate Negazive 22 7 
Positive l C 


Grade of inflammation 


Loy el el l A 
40 £ 7 l 0 






29.481 l <0.0001 

5 8 

1] Í 
25.666 1 <0.0001 

14 10 

3 l 
25.319 i <0.0001 

6 9 

3 8 
30.596 l <0.0001 

5 22 





*All comparisons were performed with x? for trends. 


Table IVA. Pattern of inflammation in chorion-decidua 


| No inflammation >| o | No inflammation >| 


| Necrotizing | ecr | Necrotizing | 


Table IVB. Partition of x? 


Comparisons 


Overall 

No inflammation vs any inflammation 

Nonmarginating vs marg-nating vs mixed 
Nonmarginating or marginating vs mixed 
Nonmarginating vs mazginating 


*The x? values do not sum exactly because of rounding. 


stimuli of bacteria in the amniotic fluid and the fetal 
white blooc cells contained within the vessels of the 
umbilical cord. Temporally, umbilical vasculitis and 
funisitis are probably late events in the course cf an 
intraamniotic infection. Therefore these inflammatory 
lesions would be expected to kave a high positive pre- 
- dictive value for the detection of intraamniotic infec- 
tion. This expectation was met by our data. Our ob- 
servations are consistent with those of Maudsley et al.,'° 
who demonstrated that the more advanced the inflam- 
mation in the umbilical cord section, the more likely 
that other tissue sections had inflammation. 

A new observation made in this study is that a mar- 
ginating pattern of inflammation in the chorion-de- 
cidua was strongly associated with a positive amriotic 
fluid culture. The distribution of neutrophils sugzests 
that the source of chemotactic stimuli is located in the 
amniotic fluid. In contrast, the distribution of neutro- 


Marginating 


© Patera of acute inflammation —— of acute inflammation 


Mixed 


i 


Culture 
Negative 17.2 12 
Positive 5 10.8 2 5.4 





8 10.4 6 12.9 
19.57 <0.0002 
9 6.6 15 3.1 
p 
3 19:577 0.000 
l 7.92 0.005 
2 11.06* 0.004 
l 6.47 0.011 
l 5.01 0.025 


phils in the nonmarginating necrotizing inflammatory 
lesion suggests that the location of the chemotactic stim- 
uli is in the decidua. 

The pathways of ascending intrauterine infection 
have not been clearly elucidated. One possibility is that 
microorganisms from the vagina and cervix transverse 
the membranes adjacent to the cervix and colonize the 
amniotic fluid. Alternatively, microorganisms may as- 
cend to broadly colonize the chorioamniotic mem- 
branes and decidua and only at a later stage gain access 
to the amniotic fluid. 

We propose that these two pathways of infection 
should lead to different histologic patterns of inflam- 
mation. In the first pathway, a predominant margin- 
ating pattern of inflammation would be found, because 
the chemotactic stimuli would be generated in the am- 
niotic cavity. This tenet is consistent with the results of 
this study in which a marginating pattern was signifi- 
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Table V. Diagnostic indices of different tissue sections for the identification of a positive amniotic 
fluid culture* | 





Amnion 
Chorion-decidua 
Chorionic plate 
Umbilical cord 
Pattern 


82.3 (0.65, 0.93) 
87.0 (0.70, 0.96) 
96.6 (0.82, 0.99) 
74.2 (0.56, 0.87) 
77.4 (0.58, 0.90) 


78.4 (0.64, 0.88) 
57.6 (0.43, 0.71) 
65.9 (0.50, 0.79) 
85.7 (0.72, 0.94) 
71.4 (0.56, 0.83) 


Positive predictive 
Sensitivity Specificity value 


71.1 (0.55, 0.85) 
55.1 (0.40, 0.69) 
65.9 (0.50, 0.79) 
78.7 (0.61, 0.91) 
63.1 (0.46, 0.78) 






Negative 
predictive value 


83.3 (0.68, 0.93) 





95% Confidence limits are shown in parentheses. 


*Diagnostic indices were calculated with the following criteria for the definition of acute inflammation in various tissue sections: 
amnion, grades | through 4; chorion-decidua, grades 2 through 4; umbilical cord, grades | through 4; chorionic plate, grades 


2 through 4. 


cantly associated with the presence of positive amniotic 
fluid culture. In the second pathway, microbial invasion 
of the decidua would lead to a nonmarginating nec- 
rotizing pattern. We believe that this type of inflam- 
matory lesion results from the appearance of neutro- 
phils in the decidua where the foci of bacteria are lo- 
cated. Necrotic lesions would be the consequence of 
local tissue destruction by the microorganisms. If this 
pathway is used, the infection would be restricted 
mainly to the decidua and chorion, and the prevalence 
of positive amniotic fluid cultures should be low. Our 
data support this interpretation. Indeed, the preva- 
lence of positive amniotic fluid cultures was similar in 
patients without inflammatory lesions of the placenta 
and in patients with a nonmarginating pattern. Finally, 
if microorganisms that initially cause an extraamniotic 
infection (chorionitis-deciduitis) invade the amniotic 
cavity or if microorganisms traverse intact mem- 
branes and colonize the decidua, a mixed pattern of 
inflammation would be observed. Under these circum- 
stances, the chemotactic stimuli reside in both the de- 
cidua and amniotic cavity. 

A major finding in this study is that acute inflamma- 
tory lesions of the placenta can be present in the ab- 
sence of positive amniotic fluid cultures for microor- 
ganisms. Several explanations can be invoked: (1) The 
infection is located extraamniotically; (2) the inoculum 
size required to elicit an inflammatory response may 
be smaller than that which is required for isolation of 
microorganisms by standard microbiologic techniques; 
(3) nonviable microorganisms may release chemotactic 
factors (i.e., endotoxin) that elicit inflammation but 
would not yield a positive amniotic fluid culture; (4) 
inflammation may be caused by microorganisms that 
escape detection by the microbiologic techniques used 
in this study; (5) infection may not be the only cause 
of acute inflammatory lesions; (6) an intraamniotic in- 
fection may have developed in the interval between 
amniocentesis and delivery. l 

In conclusion, the results of the present study sup- 
port the view that in the setting of preterm labor with 
intact membranes, the majority of inflammatory lesions 
of the chorioamniotic membranes are associated with 


Table VI. Intraclass correlation coefficient and 
one-sided 95% confidence intervals for the 
various tissue sections 










One-sided 95% 
confidence 
interval 






Correlation 


Tissue coefficient 





Amnion 0.9317 0.8917 
Chorion-decidua 0.8335 0.7479 
Chorionic plate 0.8869 0.8251 
Umbilical cord 0.9686 0.9494 
Pattern 0.7090 0.5830 


microbial invasion of the amniotic cavity in the absence 
of overt clinical signs of infection. Placental pathologic 
examination provides a noninvasive means of assessing 
the likelihood of microbial invasion of the amniotic 
cavity. 


We thank Carol Brekus, MSN, CNM, and Valerie W. 
Kraemer, MFA, for their assistance. 
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Maternal serum a-fetoprotein, B-human chorionic 
gonadotropin, and unconjugated estriol levels 1 in midtrimester - 


trisomy 18 pregnancies 


Frank Greenberg, MD, Deborah Schmidt, RN, Asha T. Darnule; MD, PhD, 
Barbara R. Weyland, MPH,* Esmie Rose, PhD,* and Elliot Alpert, MD” 


Houston, Texas 


OBJECTIVE: The purpose was to evaluate the levels of maternal serum human chorionic gonadotropin, 
a-fetoprotein, and unconjugated estriol in trisomy 18‘ pregnancies compared with normal singleton 


pregnancies. 


z 


STUDY DESIGN: Sera from 14 trisomy 18 pregnancies (13 retrospectively and one prospectively 
ascertained) were analyzed for human chorionic gonadotropin, a-fetoprotein, and unconjugated estriol. 
RESULTS: The a-fetoprotein levels ir the 10 trisomy 18 pregnancies without open neural tube or ventral 
wall defect had a median of 0.65 multiple of the median, although two had a-fetoprotein levels above 2.5 
multiples of the median. The human chorionic gonadotropin levels had a median of 0.32 multiple of the - 
median and the unconjugated estriol lavels had a median of 0.56 multiple of the median. Although most 
women with triscmy 18 pregnancies had serum human chorionic gonadotropin levels that were <1.0 
multiple of the median, three had markedly elevated human chorionic gonadotropin levels (>5.0 multiples 


of the median). 


CONCLUSION: Dur data are partially consistent with those previously published but suggest the possibility 
of a bimodal distribution of a-fetoprotein and human chorionic gonadotropin levels in trisomy .18—affected | 
pregnancies, unrelated to a neural tube or abdominal wall defect. The efficiency of screening for trisomy 
18 prospectively, using the three serum markers, requires further evaluation. (AM J OBSTET GYNECOL 


1992:166:1388-92.) 
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: An association between low levels of maternal serum 


‘a:fetoprotein (AFP) and both fetal trisomy 21 and tri- 


somy 18 was noted by Merkatz et al.! An association 
between low maternal serum levels of unconjugated 


estriol in midtrimester and fetal trisomy 21 was found 


by Canick et al.? Bogart et al.** also discovered an as- 
sociation of elevated maternal serum B-human chori- 
? ‘ 
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Table I. Data on 14 trisomy 18 pregnancies 






Multiples of the median 


l 0.39 0.25 
2 0.50 1.30 
3 3.16 8.45 
4 0.26 0.30 
5 1.82 0.13 
6* 0.65 0.26 
7 0.95 0.76 
8 0.65 0.32 
9 4.59 0.16 
10* 4.85 0.24 
ll 0.65 15.8 
12 0.72 10.5 
13+ 3.26 0.27 
]14* 0.58 0.21 
Mean 1.64 2.78 
Median 0.95 0.27 


*Omphalocele. 
tOpen spina bifida. 


onic gonadotropin (B-hCG) levels with fetal trisomy 21 
but low B-hCG levels with fetal trisomy 18. The use of 
the three serum markers has been suggested as a 
means of prenatal screening for fetal trisomy 21, 
inasmuch as the levels of the three markers and ma- 
ternal age can be used to calculate an estimated risk of 
trisomy 21.° 

Canick et al. recently reported data on the levels of 
B-hCG, unconjugated estriol, and a-fetoprotein in 
pregnancies with trisomy 18.° In 10 pregnancies with 
trisomy 18, they found low AFP levels in association 
with very low levels of B-hCG (median 0.27 multiple of 
the median, range 0.13 to 1.07) and very low levels of 
unconjugated estriol (median 0.49 multiple of the me- 
dian, range <0.15 to 0.72). We analyzed serum 6-hCG, 
AFP, and unconjugated estricl levels in 14 trisomy 18 
pregnancies (13 retrospectively and 1 prospectively) 
from our Prenatal Screening Program and compared 
it with serum from normal, singleton control preg- 
nancies. 


Material and methods 


Specimens. The Baylor Maternal Serum a-Fetopro- 
tein Screening Program, a medical school—based, not- 
for-profit prenatal screening program was established 
in 1981. Women screened by the program come mainly 
from the Houston area, but are also from other areas 
of Texas and western Louisiana and include women 
from both private obstetric practices and public health 
clinics. The use of low maternal serum AFP levels to 
screen for increased risk of fetal Down syndrome began 
in 1985, and over 50,000 women have been screened. 
Prospective screening using AFP, B-hCG, and uncon- 
jugated estriol was initiated in January 1990. Of these, 
13 singleton trisomy 18 pregnancies have been ascer- 


Maternal 
serum AFP B-hCG Unconjugated estrial 


Midtrimester serum markers and trisomy 18 1389 





Maternal age Gestational age 


(wh) 


0.65 28 18.3 
0.56 29 15.9 
0.67 99 16.0 
0.40 25 16.0 
0.53 28 16.0 
0.46 93 15.0 
0.48 29 18.0 
0.17 32 17.0 
1.10 26 16.0 
0.73 38 16.3 
0.74 33 16.0 
0.77 36 16.0 
1.19 25 15.7 
0.43 40 16.0 
0.65 30 16.3 
0.63 


tained since 1985. Five had low maternal serum AFP 
levels (Down syndrome risk at delivery =1:360) and 
four had elevated maternal serum AFP levels (>2.5 
multiples of the median). These nine women were of- 
fered amniocentesis and were confirmed to have tri- 
somy 18 prenatally. In the remaining four pregnancies 
the women had “normal” maternal serum AFP levels 
but were delivered of a trisomy 18 infant. One trisomy 
18 pregnancy was detected prospectively with maternal 
serum AFP, B-hCG, and unconjugated estriol among 
over 3000 women screened in 1990 (patient 14, Ta- 
ble I). These 14 singleton trisomy 18 pregnancies con- 
stituted the case group. The control group consisted of 
285 randomly selected, previously screened women 
with known normal pregnancy outcomes. Demo- 
graphic, pregnancy-specific, and AFP data were re- 
trieved from the computer files and were used without 
further testing or modification. Gestational age had 
been based primarily on a woman’s last menstrual pe- 
riod unless the gestational age calculated by ultra- 
sonographic biparietal diameter was discrepant by >1 
week, Case and control sera that were previously stored 
at —20° C were retrieved and analyzed for B-hCG and 
unconjugated estriol. 

Laboratory methods. AFP was measured by radio- 
immunoassay with reagents from Clinical Assays. The 
sensitivity of the assay was increased by modifying the 
procedure to a two-step reaction and using a standard 
curve from 1.2 ng/ml to 60.5 ng/ml. The intraassay 
and interassay coefficient of variation at this low level 
was <5%. The AFP concentrations were converted to 
multiples of the normal median for gestational age on 
the basis of our own previous data and adjusted for 
maternal weight using previously published formulas.’ 

B-hCG was determined ty a solid-phase, two-site im- 
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Fig. 1. Cumulative distribution maternal serum AFP levels of 13 trisomy 18 pregnancies and control 
singleton pregnancies by weight-adjusted multiple of the normal median. 
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Fig. 2. Cumulative distritution B-hCG levels of 13 trisomy 18 pregnancies and control singleton 
pregnancies by weight-adjusted multiple of the normal median. 


munoenzymatic assay (Tandem-E-HCG Immunoen- 
_zymatic assay kit, Hybritech, Inc.)}. Absorbance was re- 
corded at 405 nm by means of a Photon-Immunoassay 
analyzer. Sera were dilutéd 1:500 for testing. Human 
sera containing B-hCG at 0 mIU/ml and 200 mIU/ml 
were used as standards. . 
Unconjugated estriol was determined by a solid- 
phase radioimmunoassay (Diagnostic Products Corp.). 
The procedure was modified to detect lower levels of 
unconjugated estriol at gestational ages <18 weeks. 


The concentrations of standards ard controls ranged 
from 0.2 to 10 ng/ml. Iodine 125—labeled unconju- 
gated estriol was reduced from 1.0 ml to 925 pl to 
maintain reaction volume, and controls were used at 
1.0 and 5.0 ng/ml. | 


Results 

The data from the 14 trisomy 18 cases are summa- 
rized in Table I. The mean gestational age was 16.3 
weeks for cases and 17.2 weeks for controls. The mean 
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Fig. 3. Cumulative distribution unconjugated estriol levels of 13 trisomy 18 pregnancies and control 
singleton pregnancies by weight-adjusted multiple of the normal median. 


maternal age for cases was 30 years, whereas the control 
mean was 28 years. The mean weight-adjusted AFP 
level for all controls was 1.05 multiples of the median. 
The mean weight-adjusted AFP level for the trisomy 
18 pregnancies was 1.64 multiples of the median. The 
mean AFP level for trisomy 18 pregnancies without a 
neural tube defect or abdominal wall defect was 1.37 
multiples of the median. The median AFP level for all 
trisomy 18 pregnancies was 0.95 multiple of the median 
and 0.65 multiple of the median for those without a 
neural tube defect or abdominal wall defect. The cu- 
mulative distribution of the 13 retrospective cases and 
controls is shown in Fig. 1. 

After conversion of the B-hCG levels to weight-ad- 
justed multiples of the median on the basis of the me- 
dian for each week of gestation, the distribution of 
B-hCG levels for cases and controls was analyzed. The 
mean B-hCG multiple of the median for cases was 2.78 
and was 1.00 for controls. However, the median B-hCG 
for the trisomy 18 pregnancies was 0.27 multiple of the 
median. For those trisomy 18 pregnancies without a 
neural tube defect or abdominal wall defect, the mean 
B-hCG was 3.70 multiples of the median and the me- 
dian was 0.32 multiple of the median. The cumulative 
distribution of B-hCG levels for the retrospective cases 
and controls is shown in Fig. 2. 

After conversion of the unconjugated estriol levels 
to weight-adjusted multiples of the median on the basis 
of the median for each week’s gestation, the distribution 
of unconjugated estriol levels for cases and controls 
were analyzed. The mean unconjugated estriol multiple 
of the median for cases was 0.65 and was 1.00 for con- 
trols. For those trisomy 18 pregnancies without a neural 


tube defect or abdominal wall defect, the mean uncon- 
jugated estriol was 0.63 multiple of the median and the 
median was 0.56 multiple of the median. The cumu- 
lative distribution of unconjugated estriol levels for the 
retrospective cases and controls is shown in Fig. 3. 


Comment 


Fetal trisomy 18 has been known to be associated with 
low levels of maternal serum AFP in the second trimes- 
ter."® Low levels of maternal serum were observed in 
trisomy 18 pregnancies by Bogart et al.** and con- 
firmed by Norgaard-Pedersen et al.° Canick et al.® re- 
cently analyzed data from 10 trisomy 18 pregnancies 
and confirmed low levels of maternal serum AFP, 
B-hCG, and unconjugated estriol in those pregnancies. 
They found median levels of AFP to be 0.57, B-hCG 
to be 0.27, and unconjugated estriol to be 0.49 multiple 
of the median, respectively. None of these 10 preg- 
nancies had open fetal defects (neural tube defect or 
abdominal wall defect). Among our 10 pregnancies 
without open defects, the median levels are 0.65, 0.32, 
and 0.56 multiple of the median for AFP, B-hCG,.and 
unconjugated estriol, respectively. These data appear 
to be similar to that of Canick et al. However, if we 
include the four trisomy 18 pregnancies with open de- 
fects, the median levels become 0.95, 0.27, and 0.67 
multiple of the median for AFP, B-hCG, and uncon- 
jugated estriol, respectively. 

Among our 14 trisomy 18 pregnancies, there were 
three with markedly elevated B-hCG levels. This anom- 
aly has not been observed or reported previously and 
may represent placental abnormalities associated with 
the trisomic state. We recently became aware of at least 
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two other cases of trisomy 18 sregnancies with B-hCG 
elevations reported by Blitzer et al.” In addition, two 


of the four trisomy 18 pregnancies with abdominal wall ` 


defect had maternal serum AFP levels within the nor- 
mal range (0.58 and 0.65 multiple of the median). Thus 
the low maternal serum AFP level associated with tri- 
somy 18 may mask the presence of an open fetal defect. 
We have also observed a normal amniotic fluid AFP in 
one trisomy 18 pregnancy associated with an abdominal 
wall defect (detected by routine amniocentesis and ul- 
trasound for advanced maternal age). 

In their article Canick et al. suggest a combined 
cutoff of 0.75, 0.55, and 0.60 multiple of the median 
for AFP, B-hCG, and unconjugated estriol, respectively, 
leading to a 0.4% false-positive (amniocentesis) rate and 
a 60% detection rate.® Applying their recommendations 
to our cases would have lead to a 29% detection rate. 
Because four of our cases had elevated maternal serum 
AFP levels and would have been detected for that rea- 
son, a total of eight trisomy 18 pregnancies (57%) would 
have been detected by the Carick method.° If, instead, 
we were to use cutoffs of 0.70. 0.40, and 0.70 multiple 
of the median for AFP, B-hCG, and unconjugated es- 
triol, respectively, we would have detected five of the 
14 (36%) trisomy, 18 pregnancies with a 0.3% false- 
positive rate. Added to the four pregnancies with ele- 
vated maternal serum AFP, the detection rate would 
be 9 of 14 (64%). If elevated B-hCG levels (=2.5 mul- 
tiples of the median) were alsc used, the detection rate 
would rise to 11 of 14 (79%). Thus the method and 
efficiency of trisomy 18 screening prospectively using 
the three markers need to be evaluated further. 
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Ultrastructure of the microvasculature in the human 
endometrium throughout the normal menstrual cycle 


Daniel K. Roberts, MD, PhD, Tim H. Parmley, MD,” Nola J. Walker, EMSA, and 


Douglas V. Horbelt, MD* 


Wichita, Kansas, and Little Rock, Arkansas 


In the early proliferative phase endometrial capillary basal lamina is loosely formed and discontinuous. It 
becomes more distinct in the late proliferative phase and develops whorled extensions that include 
pericytes in the early secretory to midsecretory phase. Throughout the cycle both endothelial cells and 
pericytes possess cytoplasmic processes that extend through discontinuities in the basal lamina and make 
contact with each other. These contacts may be simple or complex. They become more elaborate as the 
cycle progresses to the midsecretory phase. Endothelial cells show progressive but heterogeneous 
differentiation into the midsecretory phase, with individual cell hypertrophy. In the late-secretory phase 

the endometrial stroma and the basal lamina are characterized by widespread degeneration, and the 
cell-to-cell contacts sharply decrease. However, endothelial cells remain relatively intact. (Am J OBSTET 


GYNECOL 1992;166:1393-406.) 


Key words: Human endometrial microvasculature, cell-to-cell interactions, pericytes, 
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We have been interested in the morphologic ultra- 
structure of direct cell-to-cell contact in the human en- 
dometrium.'* One place where such cell-to-cell contact 
might be expected would be in the endometrial micro- 
vasculature. Pericytes and endothelial cells are known 
to possess direct contacts in many other parts of the 
vascular tree.*” Pericytes are known to have modulating 
effects on endothelial cell growth and differentia- 
tion,”® and endothelial cell growth and differentiation 





Fig. 1. Endothelial cells possess relatively little cytoplasm. They have smooth surfaces and the nuclear 
chromatin is clumped. (Original magnification X 3710. Bar 2.0 pm.) 
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Fig. 2. Developing Weibel-Palade bodies (arrowheads) are seen in association with Golgi. (Original 


magnification X 33,160. Bar 0.2 um.) 
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Fig. 3. Pericytes possess cytoplasmic extensions that make contacts with endothelial cells. The pericyte 


makes contact with adjacent endothelial cell at three sites (arrows). (Original magnification x 6900. 
Bar 1.0 pm.) /nset, Central contact is the most elaborate. (Original magnification x 31,100. Bar 0.2 


um.) 


presumably must take place cyclicly in the human en- 
dometrium.’ Endothelial cell hypertrophy has also been 
described in experimental studies in endometrial cap- 
illaries.*"' 

Therefore we studied pericyte-endothelial cell inter- 
actions and hypertrophy in the microvasculature of the 


human endometrium during the normal menstrual 
cycle. 


Materia! and methods 
Endometrial specimens were obtained by biopsy 
from normally menstruating women seen in the De- 


ete 166 Microvascular ultrastructure in human endometrium 1395 
Number 5 





Fig. 4. An endothelial cell with intermediate filaments and pinocytotic vesicles makes diffuse contact 
with a pericyte at two points (arrows). (Original magnification X 23,750. Bar 0.5 um.) Inset, There is 
loss of definition of cell membranes approaching the site of contact, and filamentous structures 
appear to be continuous from one cell to the adjacent cell. (Original magnification X 30,375. Bar 
0.2 um.) 





Fig. 5. Intermediate filaments (F) characterize endothelial cells. Microtubules are also present in the 
cytoskeleton (arrowhead). (Original magnification X 28,500. Bar 0.2 um.) 


partment of Obstetrics and Gynecology at HCA-Wesley arations for 6 months before the biopsy procedure. 
Medical Center during 1984 and 1985. Samples were Approximately half of each specimen was prepared for 
obtained from five different women in each of the fol- transmission electron microscopy. Hematoxylin and eo- 
lowing phases of the cycle: early (days 5 to 9) and late sin—stained light microscopic samples were examined 
(days 10 to 14) proliferative and early (days 15 to 19), to confirm the presence of functionalis and to date 
middle (days 20 to 22), and late (days 23 to 28) secre- the endometrial samples by the criteria of Noyes 


tory. None of the patients had received hormone prep- et al.” 
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Fig. 6. More elaborate Weibel-Palade bodies (arrowhead) are seen in late proliferative phase endo- 
thelial cells. (Original magnification X 37,125. Bar 0.2 um.) 





Fig. 7. A, In this late proliferative phase capillary a platelet (P) is attached to an endothelial cell 
(EC). (Original magnification X 13,040. Bar 1.0 um.) B, Attachment is characterized by loss of 
definition of cell membranes and dense filamentous connections. (Original magnification Xx 39,850. 


Bar 0.2 um.) 


Samples were prepared for transmission electron mi- 


croscopy by routine methods.'*'® 


Specimens were ex- 
amined and photographed on a Philips 201 transmis- 
sion electron microscope at magnifications ranging 
from X 3600 to x 121,000. 

Initially, survey micrographs were taken of each sam- 
ple, and capillaries were examined. Additional micro- 
graphs were taken, as required, to confirm the extent 
of an observation made in a given endometrium. A 


minimum of two tissue blocks (50 sections per block) 
were examined for each endometrial biopsy. Additional 
blocks were used as necessary to confirm the extent of 
any observed change. 


Results 

In the early proliferative phase nuclear chromatin in 
the endothelial cells is relatively condensed and the 
nuclei appear inactive (Fig. 1). Most of the endothelial 
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Fig. 8. This endothelial cell (EC) possesses a complex bulbous projection that contains both micro- 
filaments and vesicles. The pericytic cell (PC) surface appears to be modified to accept this projection. 
(Original magnification X 16,200. Bar 1.0 wm.) Inset, The lips of the depression in pericytic cell 
surface make focal contact with shaft of endothelial cell projection. 


cells possess only a small amount of cytoplasm, but they 
may be organelle rich. Weibel-Palade bodies, appar- 
ently arising from the Golgi apparatus, are present fre- 
quently (Fig. 2). There is a variable amount of Golgi 
and rough endoplasmic reticulum. Intermediate fila- 
ments and microfilaments are present. The luminal 
surface of the endothelial cells possesses only a few 
microvilli and is otherwise relatively smooth. Pinocy- 
totic vesicles are common on both the basal and lu- 
minal surfaces. Endothelial cells are joined by ught 
junctions. 

The stromal cells immediately surrounding the cap- 
illary, presumably pericytes, are of two types. One has 
large amounts of intracytoplasmic filaments and occa- 
sional dense bodies, thus resembling a smooth muscle 
cell. The other is fibroblastic in appearance. Both cell 
types have numerous pinocytotic vesicles. Vesicles are 
more frequent on the stromal surface of the smooth 
muscle—type cells. 

The pericytes possess cytoplasmic extensions that 
project through the area of the basal lamina and make 
contact with the endothelial cells (Fig. 3, with inset). 
The capillary basal lamina is loosely formed and often 
discontinuous. Endothelial cells also possess cytoplas- 
mic extensions that project through the area of the basal 
lamina to form connections with the pericytes. 

These connections display varying degrees of inti- 
macy. In some cases the cell membranes appear intact, 
and the site of contact consists of filaments connecting 





Fig. 9. The lips of the cup-shaped depression are in contact 
with the base of pericytic cell cytoplasmic projection. The up 
of the projection makes contact with the endothelial cell where 
pinocytotic vesicles apparently empty into the space containing 
the projection. (Original magnification X 47,250. Bar 0.2 um.) 
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Fig. 10. A, Multiple cell-to-cell contacts (arrows) relate a smooth muscle-type cell (SMC) to a pericyte 
(PC), which in turn makes contact (arrowhead) with an adjacent endothelial cell (EC). (Original 
magnification X 9925. Bar 1.0 pm.) B, Numerous pinocytotic vesicles and glycogen granules occupy 


the tips of projections from smooth muscle-type cell. These tips appear to make contact with the 
pericyte. (Original magnification X 26,550. Bar 0.5 wm.) C, The pericyte also makes contact with 
endothelial cell (arrowhead). (Original magnification x 40,500. Bar 0.2 pm.) 


the two cell surfaces. Less commonly, the connections 
seem even more intimate, with cell membranes becom- 
ing indeterminate at the site of contact, and filaments 
in the cytoplasm of one cell are seemingly continuous 
with those in the cytoplasm of the adjacent cell (Fig. 4, 
with inset). 

In the late proliferative phase many endothelial cell 
and pericyte nuclei become enlarged and are charac- 
terized by diffuse chromatin. Mitochondria are large 


and more numerous in both cell types. Rough endo- 
plasmic reticulum is also more dilated and multiple 
Golgi possess more vesicles. In the endothelial cells both 
intermediate filaments and microfilaments are in- 
creased over the early proliferative phase (Fig. 5). Bet- 
ter-developed Weibel-Palade bodies are numerous 
(Fig. 6). Their relationship to the cell membrane is 
prominent. 

Numerous platelets are seen in capillary lumina in 
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Fig. 11. A, Elaborate Golgi is closely associated with multiple Weibel-Palade bodies (arrowheads). 


= 


(Original magnification X 22,570. Bar 0.5 um.) B and C, Further stages of development in Weibel- 
Palade bodies are seen (arrowheads). (Original magnification X 42,070. Bar 0.2 pm.) 





Fig. 12. Complex cytoplasmic blebbing (arrowheads), morphologically distinct from microvilli, char- 
acterize this endothelial cell surface. (Original magnification X 12,150. Bar 1.0 pm.) 


the late proliferative phase. In one case an intraluminal 
platelet was seen to establish a fibrillar contact with an 
endothelial cell (Fig, 7, A and B). A search for fenes- 
trations revealed one capillary with fenestrations in the 
basal lamina. 

The pericytes are also more differentiated in the late 
proliferative phase. They possess enlarged nuclei with 


diffuse chromatin. Those pericytes that resemble 
smooth muscle cells are particularly prominent. 

The capillary basal lamina is thickened and more 
diffuse than in the early proliferative phase. There is 
increased stromal collagen, which interacts with the en- 
dothelial basal lamina, pericytes, and surrounding 
stromal cells. Both the frequency and the complexity 
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Fig. 13. Luminal surface of these capillary endothelial cells is characterized by microvilli, vacuoles, 
and surface blebs. (Original magnification X 7085. Bar 1.0 pm.) Inset, Pinocytotic vesicles are present 


but many of the large vacuoles (V, arrowheads) appear to be formed by microvilli that have folded 
back and fused with the cell surface. (Original magnification X 19,125. Bar 0.5 um.) 





Fig. 14. Basal lamina (BL, arrowhead) is developing laminations 
and beginning to envelop a pericyte. (Original magnification 
x 20,200. Bar 0.5 um.) 


of direct connections between endothelial and pericytic 
cells appear to be increased. Endothelial cell cytoplas- 
mic projections extend into indentations and make con- 
tact with stromal cells in a variety of ways. These were 
described in the early proliferative phase but have be- 
come more elaborately developed. For example, en- 
dothelial cell cytoplasmic projections may possess bul- 
bous tips that appear to fit into indentations in the 
pericytic cell surface (Fig. 8, with inset). 

Also, cytoplasmic projections from pericytic cells ex- 
tend into the endothelial cell compartment through 
discontinuities in the basal lamina. The tip of the per- 
icytic cell projection extends into the cup-shaped 
depression of the endothelial cell. There is often con- 
tact between the lips of the endothelial cell cup and the 
base of the pericytic cell projection (Fig. 9). Pinocytosis 
is often observed in the base of this cup-shaped depres- 
sion. Heterogeneous connections are seen when a 
smooth muscle—type cell possessing a series of bulbous 
cytoplasmic projections fit into cytoplasmic indenta- 
tions of an adjacent pericyte and in turn makes contact 
with an endothelial cell (Fig. 10, A through C). 

In the early secretory phase of the cycle selected en- 
dothelial cells begin to experience cytoplasmic growth. 
This growth may occur in one endothelial cell and be 
absent in an adjoining cell. Where growth occurs, there 
are substantial increases in Golgi, rough endoplasmic 
reticulum, and vacuoles. The Golgi becomes more elab- 
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Fig. 15. Two of the endothelial cells in this capillary are dramatically enlarged with increased 
ribosomes and other organelles. Other endothelial cells in the capillary are apparently not paruci- 
pating in this process. (Original magnification X 7085. Bar 1.0 um.) 


orate and the rough endoplasmic reticulum begins to 
dilate. Weibel-Palade bodies in varying stages of de- 
velopment persist (Fig. 11, A through C). Both endo- 
thelial cells that enlarge and those that do not show 
increased surface blebbing (Fig. 12), microvilli, and vac- 
uoles apparently formed by microvilli falling back onto 
the cell surface” (Fig. 13, with inset). Both cell types 
also seem to have less active nuclei than in the late 
proliferative phase, with more clumped chromatin and 
smaller size. 

At the same time both the fibroblastic and smooth 
muscle-type pericytic cells participate in the morpho- 
logic process termed decidualization. An increased 
number of ribosomes, dilated rough endoplasmic re- 
ticulum, vacuoles, and more elaborate Golgi complexes 
develop, contributing to increased cell size. Light gly- 
cogen also appears. Basal bodies continue to appear in 
stromal cells and, in a few cases, cilia are formed. The 
pericytes resembling smooth muscle cells that contain 
large amounts of microfilaments and dense bodies are 
less apparent. They now possess many more cell or- 
ganelles, and the filaments appear diluted. 

The basal lamina becomes significantly more intact 
and also more complex. It begins to develop lamina- 
tions and starts to envelop small pericytes (Fig. 14). Al- 
though the number of direct communications between 
endothelial and pericytic cells seems decreased in this 
phase, remaining connections are more elaborate. 

In the midsecretory phase those endothelial cells that 
are enlarging have now done so, even more dramati- 
cally, and may almost fill a capillary space. This process 


remains heterogeneous (Fig. 15). Free ribosomes, mi- 
tochondria, dilated rough endoplasmic reticulum, and 
elaborate Golgi complexes are present. Weibel-Palade 
bodies are frequent and well developed in this phase, 
as are intermediate filaments. The endothelial surtace 
is somewhat less complex. 

The pericytic cells are even more decidualized than 
in the early secretory phase. Basal bodies are prominent 
and rare cilia are present. 

The basal lamina becomes better defined than in any 
other time in the cycle. It is profusely elaborate with 
many additional lamina enveloping as many as two or 
three layers of pericytic cells (Fig. 16, A through C). 
Cytoplasmic interdigitations between endothelial ceils 
and stromal cells are more evident than in the early 
secretory phase. In addition, larger surface areas of 
each cell are involved in these cell contacts (Fig. 17, 
with inset). More endometrial stromal cells consistent 
with the endometrial granulocyte are seen immediately 
adjacent to the capillary in a pericyuc position (Fig. 18). 
Cell-to-cell interactions between this cell type and the 
endothelial cells are also seen (Fig. 18, inset). 

In the late secretory phase there is widespread de- 
generation in the stromal compartment of the endo- 
metrium, consisting of extensive cellular fragmenia- 
tion. The capillary basal lamina is much more frag- 
mented. There is a marked decrease in the interactions 
between endothelial and pericytc cells. 

However, the endothelial cells, in spite of apparent 
separations, are characterized by their contrast with the 
fragmenting cells in the stroma (Fig. 19). In many cases 
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Fig. 16. Basal lamina possess many laminations, some of which envelop adjacent cells, whereas others 
are arranged as whorls in the extracellular space. (A, Original magnification, X 6900; bar 1.0 um. 
B, Original magnification, X 22,450; bar 0.5 wm. C, Original magnification, X 17,225; bar 0.5 pm.) 


the endothelial cells appear quite healthy and, in some 
instances, even more hypertrophied than in the midse- 
cretory phase. There is an apparent increase in the 
number of free ribosomes, rough endoplasmic reticu- 
lum in long strands, and Golgi complexes. Frequently 
multiple small Weibel-Palade bodies are associated with 
this elaborate Golgi. Weibel-Palade bodies are often 
found at the tips of cytoplasmic projections, both into 
the lumen of the capillary (Fig. 20, A) and occasionally 
near the abluminal plasma membrane as well (Fig. 
20, B). The endothelial cell surfaces show scattered mi- 
crovilli, and fibrin is readily identified in the capillary 
lumen (Fig. 21, A and B). There is also an increased 


number of multivesicular bodies in the late secretory 
capillary endothelial cells. These bodies display heter- 
ogeneity of form and increased numbers. 


Comment 


This report, as well as two previously published, al- 
lows for a composite reconstruction of the ultrastruc- 
ture of cell-to-cell contact in the human endome- 
trium.'* From the endothelial cell through stromal cells 
to the epithelium, the tissue is continuous. This includes 
the endometrial granulocyte that interacts with other 
endometrial cell types. The sites of contact are relatively 
small in the early proliferative phase. They increase in 
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Fig. 17. An endothelial cell projection makes contact with a pericyte (arrows). (Original magnification 
x 7950. Bar 1.0 wm.) Inset, Cell membrane definition is lost approaching this site, and filamentous 
structures appear to be continuous from one cell to another. (Original magnification X 45,350. Bar 


0.25 wm.) 





Fig. 18. This endometrial granulocyte, possessing both granules and a kidney bean—shaped nucleus, 
also possesses two cytoplasmic extensions into the endothelial cell compartment (arrows). Both pro- 
jections divide and become more complex as they enter the endothelial cell compartment. (Original 
magnification x 7250. Bar 2.0 um.) Inset, One of the resulting papillae deeply penetrates the en- 
dothelial cell, forming close cell-to-cell contact (arrowheads). (Original magnification X 37,125. Bar 


0.2 wm.) 


number and complexity and are extensive by the end 
of the proliferative phase. During the early and midse- 
cretory phases connections between all microvascular 
cell types become more elaborate in structure and 
larger in size, although possibly they are less frequent. 


In the late secretory phase these connections become 
even less frequent. 

A wide variety of evidence supports the idea that cell- 
to-cell contact is important in the control of differen- 
tiation. In mammalian embryos cells with similar de- 
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Fig. 19. Endothelial cells (EC) are substantially more intact than surrounding stromal cells (SC). 


(Original magnification X 7085. Bar 1.0 um.) 





Fig. 20. A, Endothelial microvilli possess Weibel-Palade bodies (arrowheads) in the tips extending into 
the lumen of capillary. (Original magnification X 25,920. Bar 0.5 wm.) B, A Weibel-Palade body is 
also seen projecting through the abluminal plasma membrane. (Original magnification X 75,940. 


Bar 0.1 wm.) 


velopmental fates remain connected by gap junctions, 
whereas those with divergent developmental fates lose 
these connections. The induction of mesoderm from 
embryonic ectoderm by endoderm in the mouse is 
known to require close cellular proximity.’” Pericytes 
modulate endothelial cell behavior and are most effec- 
tive in this regard when in contact with endothelial 


cells.° Recently, epidermal growth factor has been dem- 
onstrated at the site of pericyte projections into en- 
dothelial cells.*° 

Endometrial epithelial cells are known to require en- 
dometrial stroma to display some types of normal be- 
havior, including differentiation.*'** Consequently, it 
seems plausible that the coordinated growth and de- 
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Fig. 21. A, Large amounts of fibrin (arrowhead) are present in this capillary lumen. (Original mag- 
nification X 6910. Bar 1.0 wm.) B, Fibrin is seen here at higher magnification. (Original magnification 


x 40,500. Bar 0.2 um.) 


velopment of the endometrium is, at least in part, sup- 
ported by the extensive physical contacts that connect 
its component cell types. 

Endothelial cell hypertrophy has been described in 
the endometrial capillaries of several primates, includ- 
ing human, at implantation sites.*'’ Potential confusion 
of this phenomenon with the trophoblast invasion of 
vasculature at implantation sites described by Ramsey,” 
led Denker et al.* to perform an experimental study 
that excluded the trophoblast. When a silk suture and 
progesterone were combined in the endometrium of 
the rhesus monkey, endothelial cell hypertrophy was 
noted. Wilborn and Flowers” reported a similar change 
in the capillaries of the endometria of women receiving 
estrogen-progestin—containing oral contraceptives. We 
have seen endothelial cell hypertrophy in the endo- 
metrial capillaries of women during the luteal phase of 
the normal cycle. Therefore it seems logical to attribute 
this phenomenon to progesterone in combination with 
estrogen. One can only speculate about the function or 
functions of these cells, but it is now commonly accepted 
that endothelial cells are involved in many physiologic 
functions beyond simply lining the capillaries.” 

A striking observation is that capillary endothelial 
cells seem quite healthy in late secretory endometria, 
in spite of considerable necrosis in the tissues around 
them. This would seem to support a continuous role 
for the capillaries in the phenomenon of menstruation. 
Wagner and Marder” used biochemical observations to 
substantiate the concept that Weibel-Palade bodies” 
serve as storage or processing organelles for von Wil- 
lebrand factor. In addition, it is believed that fibrin may 


be involved in von Willebrand factor release from Wei- 
bel-Palade bodies.*° The increased activity in Weibel- 
Palade bodies and increasing amounts of intraluminal 
fibrin in late secretory endometrium may be evidence 
for their combined roles in menses. Determination of 
a relationship between von Willebrand factor and men- 
struation would be most interesting. 
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Chorionic villus sampling for fetal Rh typing: 


Clinical implications 


T.S. Kickler, MD, K. Blakemore, MD, R.S. Shirey, MS, S. Nicol, BS, N. Callan, MD, 


P.M. Ness, MD, C. Escallon, MS, and G. Dover, MD 
Baltimore, Maryland 


OBJECTIVE: The prenatal Rh typing of red blood cells obtained by chorionic villus sampling was 


performed with an immune rosette technique. 


STUDY DESIGN: Ten Rh-negative pregnant women undergoing chorionic villus sampling at 9 to 11 


weeks’ gestation were studied at a large referral hospital. 


RESULTS: Accurate Rh phenotyping may be done on red blood cells obtained from chorionic villi 
weighing 2 to 8 mg. The preparations were shown to be >90% fetal in origin as demonstrated by radial 
immunodiffusion quantitation of fetal hemoglobin—containing cells. Of the 10 fetuses typed in the first 
trimester nine of the pregnancies were carried to term. In all cases typing of red blood cells confirmed the 


antenatal fetal red cell typing. 


CONCLUSIONS: This study shows that antenatal Rh phenotyping may be performed as early as 9 to 11 
weeks’ gestation. This technique may be used in the management of pregnancies complicated by Rh 


incompatibility. (Am J OBsteT GYNECOL 1992;166:1407-11.) 


Key words: Hemolytic disease of the newborn, chorionic villus sampling, prenatal diagnosis 


Prenatal diagnosis of genetic disorders in the second 
trimester of pregnancy by amniocentesis is a well-es- 
tablished technique. The procedure was actually first 
used in 1950 for the obstetric management of Rh dis- 
ease. Recently, chorionic villus sampling has evolved as 
a useful clinical procedure for the diagnosis of genetic 
disorders.' Chorionic villus sampling can be performed 
during the first trimester of pregnancy (9 to 12 weeks’ 
gestation), with earlier test results allowing termination 
of pregnancy during this safer time period. 

In spite of the standard use of Rh immune globulin 
prophylaxis in Rh-negative mothers with Rh-positive 
fetuses, Rh immunization still occurs. The management 
of fetuses at risk for severe hemolytic disease of the 
newborn requires intensive monitoring with amniocen- 
tesis and ultrasonography. Therapeutic measures in- 
clude intrauterine transfusions, intravenous y-globulin, 
plasmapheresis, and early delivery.” We show that cho- 
rionic villus sampling very early in pregnancy can re- 
liably identify the Rh status of fetuses. This may lead 
to the improvement of antepartum management of im- 
mune hemolytic disease of the newborn. 
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Material and methods 


Isolation of fetal red blood cells. Chorionic villus 
samples weighing 2 to 8 mg were obtained under ul- 
trasonographic guidance in accordance with Johns 
Hopkins Maternal-Fetal Tissue guidelines and with the 
informed consent of the patient. Samples were col- 
lected from 10 Rh-negative mothers undergoing cho- 
rionic villus sampling at 9 to 11 weeks’ gestation for 
genetic analysis. Blood samples were collected from the 
women before the procedure, and all women received 
Rh immunoglobulin prophylaxis after the procedure. 

The chorionic villus samples were collected in Hanks’ 
balanced salt solution (Gibco, Grand Island, N.Y.). Re- 
moval of surface-contaminating maternal red blood 
cells was done by gently washing the tissue in isotonic 
saline solution. The fetal red blood cells were then har- 
vested by crushing the villi through a fine mesh screen 
suspended over a microtiter well (Immulon I Re- 
movawell, Dynatech Laboratories, Chantilly, Va.). The 
microwell was then placed in a 12 x 75 mm tube and 
the cells washed three times with saline solution. After 
each wash the saline solution was removed with a 
Pasteur pipet. The use of the microtiter wells facilitated 
handling of the 100 ul samples and reduced the risk 
of sample loss. We found that the villus samples stored 
at 4° C for 5 days in Hanks’ balanced salt solution before 
processing still gave reliable results. 

To validate that the harvested cells were of fetal or- 
igin, fetal hemoglobin-bearing blood cells were mea- 
sured by a microscopic single-cell radial immunodif- 
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Fig. 1. Rosette that has been stained for fetal hemoglobin. In center of field is dark-staining fetal 


cell surrounded by pale-staining indicator cells. 


fusion method using a rabbit antihuman fetal hemo- 
globin antibody.* Some preparations were stained for 
fetal hemoglobin with the F Cell Stain kit (Simmler, St. 
Louis). 

Immune rosette test. To perform the immune rosette 
test, 50 wl of anti-D and 50 pl of papain (Organon 
Teknika Corp., Parsippany, N.J.) were added to the 
isolated fetal cells. Controls consisting of 1% suspen- 
sions of D-positive cells mixed with D-negative cells 
(0.5%, 0.25%, and 0%) were tested in parallel. The tests 
and controls were incubated at 37° C for 30 minutes 
and then washed six times with saline solution. After 
the addition of 50 wl of a 1% saline suspension of pa- 
pain-pretreated D-homozygous (RR») cells and cen- 


trifugation, the cells were gently resuspended and 
placed on slides for microscopic observation. 

The results are expressed as the number of rosettes 
per high-power field. At least one rosette per high- 
power field was the criterion of positivity. A rosette was 
defined as five or more indicator cells adherent circum- 
ferentially to a fetal red blood cell. Approximately 10 
microscopic fields were examined by two independent 
readers. 


The number of red blood cells harvested per villus 
sample ranged from 10° to 10°. Chorionic villus samples 
weighing as little as 2 mg yielded sufficient fetal red 
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Table I. Results of chorionic villus Rh typing and cord blood Rh phenotyping in 10 cases 





Weight of villus Chorionic villus Rosettes 
(mg) Rh type (No./ high-power field) 





l 5 D+ 2 D+ 
2 6 D- 0 D- 
3 2 D- 0 ND 
4 8 D+ 2 D+ 
5 2 D+ l D+ 
6 3 D- 0 D- 
7 8 D- 0 D- 
8 6 D+ 2 D+ 
9 7 D+ l D+ 
10 7 D+ 3 D+ 
ND, Not done. 


blood cells for phenotyping. Storage of the villi at 4° C 
for 5 days in the culture media did not alter the yield 
of red blood cells. 

The fetal origin of three cell preparations was de- 
termined with an immunoprecipitation method that 
measures the individual cell fetal hemoglobin contents. 
All samples showed >90% fetal hemoglobin—contain- 
ing cells. The corresponding maternal blood samples 
showed <1% fetal hemoglobin—containing cells. These 
results confirmed that the test samples were not being 
contaminated with maternal red blood cells. This con- 
tamination could potentially result in the dilution of 
the Rh-positive fetal cells and a reduction in the di- 
agnostic usefulness of the immune rosette test. 

The sensitivity of the immune rosette test was as- 
sessed by making artificial cell mixtures of Rh-positive 
cells in Rh-negative cells. As few as one Rh-positive cell 
in 1000 Rh-negative cells could be detected. 

In the Rh-positive fetuses between one and three 
rosettes per high-power field were seen. A typical ro- 
sette is shown in Fig. 1. To demonstrate that the in- 
dicator cells formed rosettes around fetal cells, a fetal 
hemoglobin stain was performed. The indicators cells 
are seen rosetting around the acid-resistant cells con- 
taining fetal hemoglobin. 

Table I shows the results of the chorionic villus Rh 
typing and the Rh phenotype testing of cord blood after 
delivery of the infants at term. As shown, samples 
weighing as little as 2 mg yielded adequate numbers of 
red blood cells for typing. Ten chorionic villi samples 
were typed; however, one of the pregnancies was elec- 
tively terminated, accounting for only nine cord blood 
typings. There were no discrepancies between the typ- 
ing results performed antenatally and those deter- 
mined from the cord blood sample. 


Comment 


Chorionic villus sampling enables one to obtain cells 
for prenatal diagnosis in the first trimester. Because the 
villi are derived from the fertilized ovum, they reflect 
the genotype of the developing fetus. The development 


of chorionic villus sampling has thus provided early 
assessment of the status of developing fetuses that may 
be at risk for a variety of genetic disorders.* Although 
chorionic villus sampling is a safe and effective tech- 
nique for early prenatal diagnosis, there may be a 
slightly higher risk of fetal loss than with second-trimes- 
ter amniocentesis.” 

Shortly after the institution of chorionic villus sam- 
pling, it was recognized that the capillary vessel cours- 
ing through the long axis of the villus would be an ideal 
source of fetal red blood cell cells. This observation was 
then applied to fetal Rh typing.® Rh typing of red blood 
cells from chorionic villi may serve three purposes: (1) 
for early fetal phenotyping in women with a history of 
severely affected infants with hemolytic disease of the 
newborn and wishing to terminate the pregnancy if the 
fetus is Rh positive, (2) as an alternative to cordocentesis 
done in the second trimester in the Rh-immunized 
woman with previously affected fetuses and wishing to 
continue with the pregnancy, and (3) in determining 
the need for Rh prophylaxis in Rh-negative, nonim- 
munized women undergoing chorionic villus sampling 
for genetic analysis. 

The first application for fetal Rh typing is in severe 
immunization when the father is an apparent Rh het- 
erozygote. Knowing the fetal Rh phenotype early in 
gestation may help such couples to decide whether they 
wish to continue the pregnancy. Before performing the 
procedure, one must consider that the procedure itself 
may lead to an increase in the antibody titer, increasing 
the chances of, and perhaps the severity of, intrauterine 
hemolysis if the fetus is Rh-positive. If severe fetal ane- 
mia develops earlier than 18 weeks of gestation after 
first-trimester chorionic villus sampling in a previously 
immunized patient, fetal intrauterine transfusion may 
be technically very difficult.’ 

Prospective studies about the potential risk of wors- 
ening immunization by first-trimester chorionic villus 
sampling have not been performed. In the report by 
Kanhai et al. two of eight women severely immunized 
against Rh or Kell antigens elected to continue their 
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pregnancies after first-trimester chorionic villus sam- 
pling revealed the fetus to be positive for the red blood 
cell antigen in question. One patient whose fetus was 
Kell positive by chorionic villus sampling at 9 weeks 
required four intrauterine transfusions between weeks 
23 and 31. The second patient required three intra- 
uterine transfusions and was delivered of an Rh-posi- 
tive infant at 35 weeks. Both women also underwent 
weekly plasmapheresis. The two babies did well. 
Whether the course of fetal disease was altered detri- 
mentally by chorionic villus sampling is unknown, but 
neither woman produced a significant rise in antibody 
titers after the procedure. There are three occurrences 
of immune hydrops fetalis in the midtrimester of preg- 
nancy after first trimester chorionic villus sampling on 
previously immunized patients (Moise, personal com- 
munication). This potential risk warrants extensive pa- 
tient counseling before performing early chorionic vil- 
lus sampling in immunized women. Removing as small 
a villus sample as possible with the fewest number of 
passes may minimize the risk of significant fetomaternal 
hemorrhage." Because the immune rosette method de- 
scribed in this report requires <10 mg of villi, the num- 
ber of potentially immunizing red blood cells may be 
low enough to avoid such a consequence. 

Many women may wish to undertake a pregnancy in 
spite of very severe Rh immunization. In these cases, 
where the father is an apparent D heterozygote, second 
trimester Rh phenotyping of the fetus is often desira- 
ble. At this gestational age chorionic villus sampling 
may be a useful alternative to cordocentesis for Rh 
phenotyping. Because cordocentesis is frequently per- 
formed by traversing the placenta to reach the umbilical 
cord insertion site, a large amount of fetomaternal 
bleeding may be expected to occur. Nicolini et al.” 
found that the mean estimated volume of fetomaternal 
hemorrhage associated with intravascular intrauterine 
transfusion by cordocentesis was 2.4 ml of fetal blood 
and furthermore that both the maternal antibody con- 
centration and the rate of fall in fetal hematocrit was 
greater when the hemorrhage was >1 ml. A greater 
incidence of fetomaternal hemorrhage occurred when 
the placenta was anterior. 

If chorionic villus sampling were performed as an 
alternative to cordocentesis, the risk of fetomaternal 
hemorrhage could be potentially reduced. From several 
reports of maternal serum a-fetoprotein rises before 
and after either cordocentesis or chorionic villus sam- 
pling, it appears that second and third trimester cho- 
rionic villus sampling may result in a lower incidence 
of significant maternal serum a-fetoprotein rises than 
does transplacental cordocentesis.'''' We have begun 
to examine villus samples at these later stages of ges- 
tation. Our preliminary findings on 12 samples col- 
lected from 17 to 40 weeks of gestation also indicate 
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that these samples yield abundant fetal red blood cells 
for phenotyping. 

Studies of the increase in maternal serum a-fetopro- 
tein concentrations before and after first trimester cho- 
rionic villus sampling suggests that associated fetoma- 
ternal hemorrhage can occur. In some cases the volume 
of fetomaternal bleeding may be sufficient to cause pri- 
mary isoimmunization but has yet to be proven. There- 
fore a consensus for giving Rh immune globulin for 
chorionic villus sampling has not been established. 
However, considering the chance for immunization and 
the low risk of Rh immune globulin administration pro- 
phylaxis, the use of Rh immune globulin after chorionic 
villus sampling is recommended by the American Col- 
lege of Obstetricians and Gynecologists.’ 

By typing the fetal red cells in Rh-negative women 
undergoing villus sampling for genetic evaluation of 
the fetus, it may be possible to avoid giving unnecessary 
Rh immune globulin prophylaxis if the fetus is Rh neg- 
ative. Our results show that even early in pregnancy 
sufficient red blood cells can be collected for accurate 
Rh phenotyping. 

The ability to obtain sufficient red blood cells from 
the smallest possible amount of chorionic villus is es- 
pecially important in minimizing the risk of isoimmu- 
nization. In studies by Blakemore et al. there was a 
positive correlation between the volume of fetal blood 
transferred and the weight of the chorionic villus sam- 
ple. When samples weighing <10 mg were obtained, 
only 21 wl of fetal blood was transferred. It is unlikely 
this small volume of red blood cells would cause pri- 
mary immunization. 

The major limitation of typing fetal red blood cells 
from chorionic villi is the small number of red cells 
present. This makes standard agglutination techniques 
for red blood cell typing difficult to perform. Using 
immunofluorescence, previous investigators have 
shown that fetal red blood cell phenotyping from villus 
samples in the first trimester of pregnancy is feasible. 
However, a relatively large sample size was required 
(25 to 40 mg of villi) to obtain sufficient red blood cells 
for testing.” 

To reduce the size of the chorionic villus sample 
needed for testing, we applied a simple immune rosette 
procedure for phenotyping fetal red blood cells, a pro- 
cedure that could be performed by any laboratory fa- 
miliar with standard immunohematologic testing. This 
immune rosette procedure is similar to that reported 
by Sebring and Polesky'® for use in the detection of 
fetal maternal hemorrhage in Rh immune globulin can- 
didates. Importantly, chorionic villus samples weighing 
as little as 2 mg give reliable results. 

The series of patients we report were not Rh im- 
munized. Because the rosette test will be applied to 
women with anti-D, we have subsequently applied the 
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rosette technique to three pregnancies complicated by 
anti-D alloimmunization. We have found that the fetal 
cells are typable as Rh(D) positive when anti-D is pres- 
ent in the patient’s sample. We also prepared mixtures 
of Rh(D)-negative cells and Rh(D)-positive fetal cells 
sensitized with anti-D. In these experiments, we found 
that the Rh(D)-positive fetal red blood cells could be 
accurately typed by the rosette technique. Therefore 
we do not believe that the presence of anti-D will in- 
terfere with accurate Rh phenotyping of fetal red blood 
cells by the rosette technique. 

In summary, our studies show that fetal red blood 
cells harvested from chorionic villus samples early in 
pregnancy can be accurately Rh-typed by an immune 
rosette method. These results will be useful in the man- 
agement of pregnancies complicated by Rh immuni- 
zation and may also reduce the need for unnecessary 
Rh immune globulin prophylaxis in Rh-negative 
women undergoing chorionic villus sampling. 
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Infertility and pregnancy outcome in an unselected group of 
women with insulin-dependent diabetes mellitus 


Karen Kjaer, MD, Claus Hagen, MD, Steen H. Sandg, MD, and Ole Eshøj, MD 


Odense, Denmark 


OBJECTIVES: The null hypothesis of this study is that infertility and pregnancy outcomes in women with 
insulin-dependent diabetes are identical to those of nondiabetic control subjects. 

STUDY DESIGN: A questionnaire survey comprising an unselected population of 18- to 49-year-old 
diabetic women and a comparable control group was performed. Reply rates were 94% (n = 245) and 


88% (n = 253), respectively. 


RESULTS: Cumulative rates of pregnancies and involuntary infertility (17%) did not differ between the two 
groups. Diabetic women had significantly fewer pregnancies (1.4 vs 1.7) and fewer births per pregnancy 
than controls, and more diabetic women were nulliparous (48% vs 38%). Half of all diabetic pregnancies 
were planned. Diabetic women reported that their diabetes had a negative influence on their attitude 


toward having children. 


CONCLUSION: In insulin-dependent diabetic women the ability to conceive is normal, but diabetic women 
have fewer pregnancies and fewer births per pregnancy than controls. (AM J OBSTET GYNECOL 


1992;166:1412-8.) 


Key words: Epidemiology, infertility, pregnancy outcome, insulin-dependent diabetes 


mellitus 


In the preinsulin era the occurrence of pregnancy in 
women with diabetes mellitus was unusual, partly be- 
cause of high mortality among these patients but also 
because of impaired fertility in the sexually mature di- 
abetic woman. Estimates of fertility were about 2% that 
of nondiabetics.' After the introduction of insulin ther- 
apy, life expectancy for the diabetic women increased 
and fertility improved. Thus Bergqvist? reported that 
from 1938 to 1952 the pregnancy rate was estimated 
to be 38% lower in women with diabetes than in non- 
diabetics. Recently it has been reported that diabetic 
women have the same rate of spontaneous conception 
and sterility as controls.’ During the last two decades 
several studies have been published concerning the 
prognosis of pregnancy outcome in diabetic women. 
However, studies on fertility and outcome of pregnan- 
cies in women with diabetes have so far comprised se- 
lected groups of women, often hospitalized patients.?“ 
In a recent population study from Aberdeen only 62% 
of infertile women attended a hospital clinic for treat- 
ment of their infertility, and in a survey on infertility 
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from Denmark less than half the women with reduced 
fertility had sought medical care.° These results clearly 
indicate that population-based studies are needed if 
meaningful data on infertility rates are to be obtained. 

The aim of this study was to investigate the epide- 
miologic features of infertility and pregnancy outcome 
in an unselected group of women with insulin-depen- 
dent diabetes mellitus. For comparison an age-com- 
parable, unselected group of nondiabetic women was 
included. 


Material and methods 


The study was performed in the County of Funen, 
which has approximately 450,000 inhabitants, consti- 
tuting roughly 9% of the Danish population. With re- 
gard to demographic and socioeconomic status, the 
population of the county is representative of the Danish 
population as a whole,’ and the area is therefore suit- 
able for epidemiologic investigation on unselected pa- 
tient populations. 

Patient identification. From Sept. 1, 1986, to Aug. 
31, 1987, all insulin-treated patients living in the 
County of Funen were identified by the prescription 
method.’ All women between 18 and 49 years of age 
with onset of diabetes before the age of 30 years and 
who lived in the county on July 1, 1987, were identified 
(N = 281) (Table I). During the period Feb. 1, 1987, 
to Jan. 31, 1990, all but 20 who were excluded (10 had 
left the county, four had died, four had mental retar- 
dation, one had non—insulin-dependent diabetes mel- 
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Table I. Number of women who were identified, excluded, and gave informations on various questions 













Control women 


(No.) 


Diabetic women 


(No.) 








Identified 281 289 
After primary exclusion 261 287 
Answering questionnaire 245 253 
After exclusion of women with diabetes that developed after 201 
their first pregnancy 
Who gave information on previous desire for conceiving 200 247 
Who gave information on pregnancy outcome | 132 186 
Who gave information on fertility and who had attempted or 131 182 
experienced a first pregnancy 
Who gave information on fertility and who had attempted or 83 145 


experienced a second pregnancy 





litus, and one had aphasia after stroke) received a ques- 
tionnaire comprising 31 main questions and 89 sec- 
ondary questions. The questions related to the current 
survey concerned social status, time of diabetes onset, 
gynecologic history, present and previous desire for 
conceiving, number of pregnancies, and pregnancy 
outcome. The response rate of the 261 diabetic women 
entering the study was 94% (Table I). Median age of 
responders was 32 years (range 18 to 49 years), and 
median duration of diabetes 17 years (range 2 to 43 
years). Of the responders 169 (69%) women were se- 
lected with a table of random numbers for more in- 
tensive investigation. Fasting C-peptide (radioimmu- 
noassay method)? obtained from 163 of these 169 
women was <0.20 nmol/L in 159, whereas four subjects 
had values between 0.22 and 0.40 nmol/L. In 44 
women diabetes developed after their first pregnancy, 
and these women were secondarily excluded from the 
current study (Table I). 

A group of nondiabetic women (N = 289), matching 
the diabetic women with regard to number and age 
distribution, was used as controls (Table 1). The sample 
was drawn at random with a random number generator 
from the computerized Electronic Data Processing De- 
partment of Odense University Hospital, where all cit- 
izens in Funen County, whether healthy or ill, are reg- 
istered. Two subjects were primarily excluded because 
of cancer. The response rate was 88%. 

There were no significant differences between dia- 
betic and control subjects with regard to marital status 
(75.1% diabetic and 76.7% control subjects were mar- 
ried), education, or occupation. In the group of 18- to 
39-year-old subjects median age for the diabetic women 
was 28 years versus 29 years among controls (p > 0.05). 
In the 18- to 49-year-old subjects diabetic women were 
significantly younger than controls (median 31 years vs 
33 years, respectively, p < 0.03). 

Definitions of fertility groups. Infertility is defined 
as failure to conceive after attempting for >l year. 
Primary infertility refers to the first pregnancy regard- 
less of whether a pregnancy was eventually achieved. 


Secondary infertility refers to any subsequent preg- 
nancy. Those women who conceived after attempting 
for <12 months are defined as having no fertility prob- 
lem and are herein referred to as being fertile. Vol- 
untary infertility refers to women never attempting 
pregnancy and never being pregnant. According to 
their history of fertility, the women were divided into 
three groups: those with infertility, primary or second- 
ary; those with no fertility problem; and those with 
voluntary infertility. The women with primary or sec- 
ondary infertility were subdivided into two groups: 
those with primary infertility, including those who also 
reported secondary infertility, and those with second- 
ary infertility only. 

Definition of planned or unplanned pregnancy. If 
pregnancy was desired and attempted, the pregnancy 
was reported as being planned, and if not, as being 
unplanned. 

Statistics. Group comparisons concerning age were 
analyzed by the Mann-Whitney U test. Comparisons of 
fertility, number of pregnancies, and outcome of preg- 
nancies were performed with the x? test. 

The study had the approval of the local ethics com- 
mittee. 


Results 


Prevalence of infertility. One woman in the diabetic 
group and six women in the control group did not wish 
to give information concerning previous desire for 
pregnancy, which leaves 200 diabetics and 247 controls 
for investigation (Table I). Table I shows the number 
and prevalence rates of the different fertility groups. 
In tables and text the data shown in parentheses after 
the prevalence rates are 95% confidence limits. 

There was no fertility problem in 54.5% of the dia- 
betic women and 61.5% of the controls (p > 0.05). The 
median age of these diabetic women was 33 years, range 
19 to 49 years, and for the controls 34 years, range 18 
to 49 years (p > 0.05). A first pregnancy had been at- 
tempted or experienced by 131 diabetic women and 
182 controls. The prevalence of no fertility problems 
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Table II. Number and prevalence rates of different fertility groups in women with insulin-dependent 


diabetes mellitus and in controls 


Primary and/or 


secondary infertility 


Secondary infertility 
Primary infertility only 





No. of No fertility Voluntary 
subjects problems infertility 
Diabetics 
All 200 109 69 
% 54.5 (48-62) 34.5 (28-42) 
AEP 13] 109 
% 83.2 (77-91) 
AEP2 83 
% 
Controls 
All 247 152 65 
Zo 61.5 (54-67) 26.3 (21-32) 
AEP 182 152 
% 83.5 (77-87) 
EP2 145 
% 


99 17 5 
11.0 (7-16) 8.5 (5-13) 2.5 (1-6) 
99 17 
16.8 (11-24) 13.0 (8-20) 
5 


6.0 (2-14) 


30 19 1] 
12.1 (8-17) 7.7 (5-12) 4.5 (2-7) 
30) 19 
16.5 (12-23) 10.4 (7-16) 
1] 
7.6 (4-13) 





AEP1, Women who had attempted or experienced a first pregnancy; AEP2, women who had attempted or experienced a second 


pregnancy. Numbers in parentheses are 95% confidence limits. 


in these women was 83.2% and 83.5%, respectively 
(p > 0.05). 

Voluntary infertility was reported by 34.5% of dia- 
betic women and 26.3% of controls (p = 0.06). The 
median age of these women was 24 years, range 18 to 
49 years for the diabetic women and 22 years, range 
18 to 49 years for the controls (p > 0.05). In the age 
group 18 to 29 years, 48 of 91 (52.7%, 47% to 69%) 
diabetic women were voluntarily infertile versus 59 of 
99 (59.6%, 49% to 69%) controls (p > 0.05). Among 
30- to 49-year-old diabetic women, 21 of 109 (19.3%, 
12% to 28%) were voluntarily infertile versus 6 of 148 
(4.1%, 1% to 9%) corresponding controls (p < 0.005). 
The proportion of married subjects in the two groups 
was similar (56%). 

Primary or secondary infertility had been experi- 
enced by 11.0% of the diabetic population and 12.1% 
of the control population. Median age of these women 
was 31 years, range 23 to 41, for diabetic women and 
37 years, range 25 to 49, for controls (p < 0.02). The 
prevalence of primary or secondary infertility in 
women attempting or experiencing a first pregnancy 
was 16.8% in diabetic women and 16.5% in controls 
(p > 0.05). Five of 131 (3.8%, 1% to 9%) diabetic 
women had an unresolved infertility problem versus 
13 of 182 (7.1%, 4% to 12%) controls (p > 0.05). 

Of the diabetic women 14 of 131 (10.7%, 6% to 17%) 
had primary infertility only and three of 131 (2.3%, 
0% to 7%) had both primary and secondary infertility. 
Of the controls 14 of 182 (7.7%, 4% to 13%) had pri- 
mary infertility only and five of 182 (2.7%, 1% to 7%) 
had both primary and secondary infertility (p > 0.05). 

A second pregnancy had been attempted or expe- 
rienced by 83 diabetic women and 145 controls. The 
prevalence of secondary infertility only among these 
women was 6.0% in diabetic women and 7.6% in con- 
trols (p > 0.05). 


Unplanned or planned pregnancies and cumulative 
rate of pregnancies. Among diabetic women and con- 
trols significantly more pregnancies were unplanned in 
the fertile group of women than in the infertile group, 
114 of 219 (52.1%, 45% to 59%) versus eight of 42 
(19.0%, 9% to 34%) for diabetic women (p < 0.001) 
and 201 of 365 (55.1%, 53% to 64%) versus nine of 44 
(20.5%, 10% to 35%) for controls (p < 0.0005). There 
were no significant differences between diabetic women 
and controls when the same fertility groups are com- 
pared. The pregnancies took place between 1959 and 
1989 for the diabetic women and controls. From 1959 
to 1969 13 of 33 (39.4%, 23% to 58%) of the diabetic 
pregnancies were planned. The value from 1970 to 
1979 was 56 of 113 (49.6%, 40% to 60%) and from 
1980 to 1989 70 of 122 (57.4%, 49% to 67%). Thus the 
diabetic women had 139 of 261 (53.3%, 48% to 60%) 
planned pregnancies versus 199 of 409 (48.7%, 45% to 
55%) in controls. The cumulative rate of these preg- 
nancies (Fig. 1) did not differ significantly between di- 
abetic women and controls. Thus after 1 year the fer- 
tility rate was 85% for the diabetic group and 88% for 
the controls. When the cumulative rate of pregnancies 
of the fertile diabetic women is compared with that of 
the fertile controls, no difference was found (p > 
0.05). 

Pregnancy rate and outcome of pregnancies. All di- 
abetic women gave information on the outcome of 
pregnancies, whereas two of the controls declined. The 
median maternal age for the first pregnancy was 23 
years, range 16 to 32 years, for the diabetic women and 
23 years, range 15 to 40 years, for the controls. All the 
diabetic pregnancies and all but two of the control preg- 
nancies took place when the women were between 18 
and 39 years old. 

Table III shows the pregnancy rate and pregnancy 
outcome for all pregnant women and for each fertility 
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Fig. 1. Cumulative rate of pregnancy (time to conception) over months for 139 diabetic pregnancies 


and 199 control pregnancies (1959 to 1989). 


group. The fertile and infertile diabetic women were 
significantly younger than corresponding controls (me- 
dian 33 years, range 19 to 49 years versus 35 years, 
range 18 to 49 years, respectively) (p < 0.003). After 
the number of pregnancies for this age difference is 
adjusted, there is no significant difference in the num- 
ber of pregnancies per fertile plus infertile woman in 
the two groups. For all the diabetic and control subjects 
surveyed, the pregnancy rate was significantly lower in 
the diabetic group (mean 1.3 and adjusted for age mean 
1.4) compared with the control (mean 1.7) (p < 0.01 
for both comparisons). Overall birth rate was lower in 
diabetic women compared with controls (69.5% vs 
76.5%, p < 0.05). The infertile diabetic women had a 
lower birth rate (p < 0.05) and a higher spontaneous 
abortion rate (p < 0.005) compared with fertile diabetic 
women. 

Cesarean section rate. The overall rate of cesarean 
sections was 82 of 182 (45.1%, 38% to 53%) in diabetic 
women and 39 of 322 (12.1%, 9% to 17%) in controls 
(p < 0.001). The rate in infertile diabetic women was 
11 of 23 (47.8%, 27% to 69%) versus eight of 33 (24.2%, 
11% to 42%) in controls (p = 0.07). For the fertile di- 
abetic women the rate was 71 of 158 (44.9%, 37% to 
52%) and for the fertile controls 31 of 277 (11.2%, 8% 
to 16%) (p < 0.001). 

Number of births per woman. Significantly more di- 
abetic women had no children, 96 of 201 (47.8%, 41% 
to 56%) compared with controls 94 of 251 (37.5%, 32% 
to 47%) (p< 0.03) and significantly fewer diabetic 
women had two or more children, 58 of 201 (28.9%, 


23% to 36%) versus 118 of 251 (47.0%, 41% to 54%) 
for controls (p < 0.01). 

Influence of the diabetes on the attitude toward hav- 
ing children. The diabetic women were questioned 
whether their diabetes had an influence on their atti- 
tude toward having children. Of the 197 who answered 
the question, 111 (56.3%, 47% to 62%) women gave a 
positive answer. Seventy-six (38.6%, 31% to 45%) were 
concerned about possible complications during preg- 
nancy and delivery, 64 (32.5%, 26% to 39%) were con- 
cerned about an aggravation of diabetic control during 
the pregnancy, 57 (28.9%, 22% to 35%) were concerned 
about the risk that diabetes might develop in the child, 
26 (13.2%, 9% to 19%) reported that the strain of daily 
diabetes care had a negative influence on their attitude 
toward having children, and 26 (13.2%, 9% to 19%) 
mentioned other reasons. In the voluntary infertility 
group, significantly more women, 47 of 67 (70.1%, 58% 
to 81%) gave a positive answer to the question com- 
pared with the rest, 64 of 130 (49.2%, 40% to 58%) 
(p < 0.03). 


Comment 


In general, the presence of infertility is considered 
psychologically distressing by most women, and much 
attention has therefore been directed toward identifi- 
cation and treatment of this problem. In the diabetic 
population infertility may add to the social strain of 
daily diabetic care and to potential diabetic complica- 
tions. In these women early discovery of an infertility 
problem is especially important, because advanced ma- 
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Table III. Pregnancy outcome in women with and without infertility problems, for diabetic women 
and controls 





Controls 


Diabetic women 


All Infertile Fertile 
(n = 132*) (n = 22) (n = 109) 

















All 
fn = 1867) 


Infertile 
(n = 30) 


Fertile 
(n = 152) 
























Outcome 


Birth 182+ 69.5 259 54.8 158 12.1 322 76.5 33 75.0 PA i 75.9 
(64-76) (39-70) (66-78) (73-81) (60-87) (70-85) 
Spontaneous abortion 39 14.9 14|| 33.3 25 11.4 44 10.5 7 15.9 37 10.1 
(11-19) (20-50) (7-16) (7-13) (7-30) (7-15) 
Induced abortion 38 14.5 3 7.1 35 16.0 51 12.1 3 6.8 48 13.2 
(10-19) (2-20) (11-21) (9-16) (1-19) (10-18) 
Ectopic pregnancies 5 1.1 2 4.8 l 0.5 4 1.0 l 2.2 3 0.8 
(0-3) (1-16) (0-2) (0-2) (0-12) (0-2) 
All pregnancies 
Total No. of preg- 262 4% 219 421 44 365 
nancies 
Mean 2.0 1.9 2.0 2:3 1.5 2.4 
Median 4 2 2 2 Z 2 
Range 0-7 0-5 l-7 0-5 0-4 1-5 
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Values in parentheses are 95% confidence limits. 


*One woman gave no information on the time before conception; she had one birth. 


Four women gave no information on the time before conception, they had 12 births. 


tSignificantly different from all controls, p < 0.05. 
§Significantly different from fertile diabetics, p < 0.05. 
Significantly different from fertile diabetics, p < 0.005. 


ternal age and diabetic complications may carry an in- 
creased pregnancy risk.*"' 

Previous studies on the frequency of infertility in 
diabetic women are few'* and seem to comprise only 
selected patients. To our knowledge the current study 
is the first published survey on infertility and pregnancy 
outcome in an unselected population of diabetic 
women. 

In a previous study’ in which a similar patient iden- 
tification method was used, the estimated completion 


of the study material was 98%. Our response rate of 


94% in the diabetic population and 88% in the control 
population is higher than obtained in most other ques- 
tionnaire studies on gynecologic topics.* '*'* Thus our 
methods concerning population identification and data 
sampling seem sufficient. 

The definition of infertility is arbitrary. Some authors 
define infertility as failure to conceive after 2 years 
without contraception,” '* whereas most demand only 
l year, and the proportion of couples to whom this 
applies is between 10% and 28%.'*"’ The infertility rate 
of 17% as observed by us in the control group is com- 
parable to these results and probably represents the 
size of the infertility problem in the general population. 

Our results show that the overall rate of involuntary 
infertility in diabetic women of 17% is virtually identical 
to that of controls. This finding seems surprising be- 


cause menstrual disturbances in these women occur 


with a frequency twice that of the controls (Kjaer K, et 


al. Unpublished data). We have no explanation for 
these conflicting results. Recent studies in unselected 
diabetic populations are not available, but in selected 
diabetic patients an infertility rate of 21% has been 
reported from a pregnancy clinic.* 

Diabetic women and controls also have the same cu- 
mulative rate of pregnancy, which suggests that the 
time to conceive is similar in the two groups. As also 
observed in other studies,” '* most of our infertile di- 
abetic women and infertile controls had primary in- 
fertility, and more than half of these women eventually 
became pregnant. There was no trend toward a lower 
frequency of pregnancies in infertile diabetic women 
compared with infertile controls. Infertile diabetic 
women were significantly younger than infertile con- 
trols, which may indicate that infertility as a clinical 
problem may occur at an earlier stage in diabetic 
women compared with nondiabetics. 

Our investigation has shown that there was a trend 
toward more women being voluntarily infertile in the 
diabetic population than among controls. Further, vol- 
untary infertility occurs with similar frequency in youn- 
ger diabetics compared with controls but seems to be 
increased among older diabetic women. This finding 
may partly be attributed to the professional advice 
given by diabetologists and gynecologists who call for 
caution when diabetic women >30 years of age want 
to become pregnant. Another possibility is that the di- 
abetic women >30 years have reached the age of re- 
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production at a time when physicians’ attitudes toward 
diabetic pregnancy were considerably more negative 
than in recent years, and therefore these women may 
have been convinced of the inadvisability of pregnancy 
early in their reproductive years. The trend toward 
more diabetic women being voluntarily infertile may 
also be due to the observation that the presence of 
diabetes has a negative influence on their attitude to- 
ward having children. 

It is generally accepted that poor metabolic control 
before and during the first weeks of pregnancy in di- 
abetic women is associated with a substantial increased 
risk of spontaneous abortion and congenital defects. 
Such complications may be reduced to levels roughly 
equal to that of the general population if optimal met- 
abolic control can be obtained.'*** Accordingly, modern 
diabetic care involves meticulous planning of pregnan- 
cies and the application of intensive metabolic moni- 
toring and treatment to ensure the best possible blood 
glucose regulation in the individual patient. The pres- 
ent investigation has shown that 47% of all pregnancies 
in diabetic women in the period 1959 to 1989 was un- 
planned, and this value seems also to apply to the gen- 
eral population. Although the prevalence of unplanned 
pregnancies was highest in the first decade (1959 to 
1969, 60%), when the importance of birth planning was 
not widely accepted, the rate of 43% during the last 
decade (1979 to 1989) is still unacceptably high. In the 
view of the authors this may raise serious doubts 
whether the therapeutic principles in diabetic women 
of fertile age are fully implemented in practice. Funen 
County has had a center for pregnant diabetic women 
with a diabetologist and an obstetrician since 1968; 
therefore this lack of planning may apply also to other 
centers in the Western world. 

The 1.7 per woman rate of pregnancy in our control 
group is lower than that of 2.3 observed in a previous 
Danish study on 709 25- to 45-year-old women sur- 
veyed in 1979."* A deliberate choice to limit family size 
is probably responsible for most of the decline. ‘Their 
induced abortion rate of 7% was somewhat lower com- 
pared with ours (12%). Because the former study was 
carried out about a decade before ours, this discrepancy 
is probably explained by the different access to legalized 
abortion (legalized in Denmark in 1973). 

In diabetic women, the number of pregnancies is 
reduced compared with controls, in spite of the fact 
that the two groups were comparable with regard to 
involuntary infertility. As discussed previously, this ob- 
servation is likely to be caused by the attitude on the 
part of both patient and therapist toward pregnancy in 
diabetic women. As expected, pregnancy outcome in 
diabetic women is characterized by fewer births per 
pregnancy compared with controls. 

Our cesarean section rate of 45% among diabetic 
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deliveries is comparable to that of 53% to 54% from 
other Danish centers.” ** Although specific data on in- 
dication for cesarean section in our study groups are 
not obtainable, there is no doubt that the much higher 
rate in diabetic women is due to the increased perinatal 
risks in these patients.” 

Because legalized abortion was introduced fairly 
early in Denmark compared with most other countries, 
meaningful comparisons of the rate of spontaneous or 
induced abortion are not possible. In our study spon- 
taneous abortion was moderately increased in diabetics 
(15%) compared with controls (11%), which may in- 
dicate that optimal metabolic regulation before con- 
ception and during the first weeks of pregnancy had 
not been achieved. Another explanation could be the 
possibility of recall bias, with diabetic women being 
more aware of early spontaneous abortion than non- 
diabetic women because of their medical care. Our 
spontaneous abortion rate of 15% among diabetic 
women is comparable to that of 14% from Rigshospi- 
talet, Denmark, from the years 1967 to 1986.” 

In conclusion, fertility in diabetic women seems to 
be similar to that of the general population. Although 
optimal diabetic care can reduce the risks and compli- 
cations of pregnancy and birth to normal levels, the 
majority of diabetic women still harbors a negative at- 
titude toward having children because of their disease. 
This attitude seems to result in fewer pregnancies per 
diabetic woman and a higher proportion of diabetic 
women abstaining from having children compared with 
controls. Moreover, a medically unacceptable propor- 
tion of diabetic pregnancies is unplanned. There ap- 
pears to be a need for intensifying the educational and 
therapeutic efforts in diabetic women of fertile age. 
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Effects of mefenamic acid on menstrual hemostasis in 


essential menorrhagia 


Marion A. van Eijkeren, MD, PhD, Godelieve C.M.L. Christiaens, MD, PhD, 
Hans J. Geuze, MD, PhD,” Ary A. Haspels, MD, PhD, and Jan J. Sixma, MD, PhD“ 


Utrecht, The Netherlands 


Prostaglandin synthesis inhibitors decrease menstrual blood loss by 30% to 50% in patients with essential 
menorrhagia. To obtain insight into their mechanism of action, we measured menstrual blood loss in 
menorrhagic women, who were receiving mefenamic acid (500 mg, three times daily) (n = 6) or placebo 
(n = 5) in a double-blind way. In addition we studied the morphology of early menstrual hemostasis. The 
subjects’ uteri were extirpated in the first 24 hours of menstruation, and light and electron microscopy were 
used to perform morphologic and morphometric studies. In the group treated with mefenamic acid mean 
menstrual blood loss was decreased by 40%. In uteri of the women treated with mefenamic acid 
hemostatic plugs were further transformed, and fewer vessels without a plug were observed than in uteri 
of the group receiving placebo. These data suggest that mefenamic acid may act through an improvement 
of platelet aggregation and degranulation and through increased vasoconstriction. (AM J OBSTET GYNECOL 


1992;166:1419-28.) 


Key words: Menorrhagia, mefenamic acid, endometrium, morphometry, hemostasis. 


Prostaglandin synthesis inhibitors are currently the 
treatment of first choice in essential menorrhagia (1.e., 
a measured menstrual blood loss of more than 80 ml 
from a normal secretory endometrium after a normal 
ovulatory cycle). They inhibit cyclooxygenase, the en- 
zyme that metabolizes arachidonic acid toward unstable 
endoperoxides. These endoperoxides are converted 
further toward prostaglandins. Prostaglandin synthesis 
inhibitors diminish menstrual blood loss by 30% to 50% 
and have a low incidence of side effects." Mefenamic 
acid is the best-studied prostaglandin synthesis inhibi- 
tor in essential menorrhagia. 

In the endometrium of menorrhagic women, an in- 
creased fibrinolysis’ and a shift in uterine prostaglandin 
metabolism towards vasodilating and platelet aggre- 
gation—inhibiting prostaglandins (prostaglandin E, and 
I,) have been observed.** More binding sites for pros- 
taglandin E, were also found in the myometrium of 
menorrhagic women.* Treatment of menorrhagic 
women with mefenamic acid decreased endometrial 
prostaglandin E, concentrations and myometrial pros- 


9, 10 


taglandin E, binding sites. 
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Despite this knowledge, the mechanism of action of 
prostaglandin synthesis inhibitors in essential menor- 
rhagia is not yet understood, though an effect on men- 
strual hemostasis is assumed. 

It has been previously demonstrated that hemostasis 
in human skin wounds takes place through platelet 
adhesion to the subendothelium of damaged vessels 
followed by platelet aggregation and degranulation. Fi- 
nally fibrin fibers are formed between the platelet rem- 
nants to preserve a stable, fully transformed, occlusive 
plug.''! Hemostasis in menstrual endometrium was also 
studied, and differences were found compared with 
that in skin wounds. In the endometrium, damaged 
vessel walls often occurred without any hemostatic re- 
action, and the relatively small hemostatic plugs seldom 
occlude the vessel completely as they usually do in skin 
wounds. Only during the first 20 hours of menstruation 
were hemostatic plugs found. Thereafter hemostasis is 
probably provided by vasoconstriction." 

In a recent study’ uteri of menstruating menor- 
rhagic women were found to contain two forms of he- 
mostatic plugs that had never before been observed in 
normally menstruating women.” First, huge fragile 
plugs with large protrusions into the extravascular 
space were observed. This condition was evidently the 
result of a decreased platelet aggregation and degran- 
ulation, which may reflect increased prostaglandin I, 
and E, concentrations or an unknown local anticoag- 
ulant. Second, otherwise well-transformed plugs often 
demonstrated extensive recanalization, which may re- 
flect increased fibrinolysis. We also found that increased 
menstrual blood loss and, hence, essential menorrhagia 
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Fig. 1. Light micrographs (1A, upper panels) and corresponding line drawings (1B, lower panels) from 
paraffin sections stained according to Martius scarlet blue” showing various plug types and diameters 
measured. Diameters were measured at smallest width. Solid and dotted lines represent diameters of 
vessels and plugs. Relative occluded vessel diameter was calculated by dividing diameter of plug by 
diameter of vessel. a, Nonocclusive plug, smaller than occlusive, may be adherent to vessel wall (as 
pictured) or in middle of vessel (not pictured); g, gland; ¿, indifferent plugs (plugs not fitting other 
descriptions); 0, occlusive plug, hemostatic plug occluding vessel; r, recanalized plug, peripheral 
platelet and fibrin deposition representing a former occlusive hemostatic plug that is recanalized. 
(Original magnification: left, x 90; right, X 358.) 
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Fig. 2. Morphometric method used to assess volume fractions of empty balloons and fibrin fibers. 
Electron micrograph showing part of a hemostatic plug, mainly consisting of empty balloons (eb) 
and fibrin fibers (f). Solid and dotted lines were used to measure volume fractions of empty balloons 
and fibrin fibers, respectively. We used the so-called point-hit method of counting line intersections 
overlying empty balloons and fibrin fibers. Numbers were expressed as percentages of total number 
of intersections counted. (Original magnification X 20,160.) 


were positively correlated with the number of hemo- 
static plugs. 

The present study was designed to investigate the 
effect of prostaglandin synthesis inhibitors on men- 
strual hemostasis in essential menorrhagia. 


Material and methods 


Patients scheduled for hysterectomy because of sub- 
jective menorrhagia were asked to participate in the 
trial and informed consent was obtained. Only women 
who met the following criteria entered the trial: 
younger than 45 years of age; measured menstrual 
blood loss more than 80 ml; regular menstrual cycle; 
no intrauterine device; no use of nonsteroidal antiin- 
flammatory drugs or other medication that could in- 
terfere with hemostasis; no contraindications against 
the use of nonsteroidal antiinflammatory drugs, such 
as liver or kidney function impairment, stomach ulcers, 
or asthmatic bronchitis; and no use of hormonal med- 
ication. The women had normal-sized uteri as assessed 
by bimanual palpation. 

The time schedule of the trial was as follows: men- 
strual blood loss was measured during one menstrua- 
tion (control period) with the previously described al- 
kaline hematin method." If blood loss exceeded 80 ml, 


patients entered the trial. Five days before the expected 
next menstruation (study period) they started to use 
mefenamic acid (Ponstan) 500 mg or a placebo three 
times daily. Neither the patient nor the treating phy- 
sician was aware of the nature of the administered drug. 
The sequence of placebo and tablets containing mef- 
enamic acid was determined according to a random list 
kept at the Pharmacy of the University Hospital 
Utrecht. Patients continued to use tablets until men- 
strual bleeding had arrested. Menstrual blood loss was 
then measured again. Five days before the expected 
next menstruation, patients started to use the same tab- 
lets as during the study period. Vaginal or abdominal 
hysterectomy was performed in the patient under gen- 
eral anesthesia during the first 24 hours of menstrua- 
tion. Basal body temperature charts were kept and pro- 
gesterone levels were assessed with radioimmunoassay 
in the midluteal phase of the preoperative cycle and at 
the time of operation.’ Plasma levels of mefenamic acid 
were assessed with a high-pressure liquid chromato- 
graphic method during the study period and at the 
time of operation. 

The study was approved by the committee of re- 
search on human beings at the University Hospital 
Utrecht. 
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Fig. 3. Morphometric method used to assess platelet membrane surface area and granule numeric 
density. Electron micrograph showing part of hemostatic plug consisting of granulated and de- 
granulated platelets. Numbers of intersections between platelet membranes and superimposed lines 
were counted according to linear intercept method. Platelet membrane surface area was calculated 
by dividing number of intersections times two by total length of superimposed line. Granules (g) 
were counted separately and granule numeric density was calculated by dividing number of granules 
by section thickness (70 nm). A calibration replica was used to correct for magnification. (Original 


magnification X 16,800.) 


The placebo group was described as part of the study 
group in our previous study on menstrual hemostasis 
in essential menorrhagia."” 

Tissue processing and morphometry. [issue pro- 
cessing and morphometric methods using light and 
transmission electron microscopy were described in our 
previous study. Morphometric analysis was per- 
formed on light microscopical sections with respect to 
endometrial height, number and diameter of endo- 
metrial vessels with or without a hemostatic plug, and 
size and form of hemostatic plugs. Four characteristic 
forms were distinguished: recanalized, occlusive, non- 
occlusive and indifferent (see Fig. 1). With electron 
microscopy, the transformation of the hemostatic plug 
was studied: volume fractions of fibrin and empty bal- 
loons (see Fig. 2) and membrane surface area and gran- 
ule density (see Fig. 3) were calculated.'® The extra- 
vascular extension of hemostatic plugs was also studied 
with electron microscopy. Morphometric parameters 
were expressed for each uterus. The double-blind 
codes were broken only after morphometric determi- 
nations had been finished. 


Statistical analysis. Because not all variables were 
normally distributed, the Wilcoxon rank sum test was 
used to study differences between the two groups. The 
Spearman rank correlation coefficient was used to 
study correlations between the difference in menstrual 
blood loss of the mefenamic acid group (menstrual 
blood loss in the control cycle minus menstrual blood 
loss in the study cycle) and morphometric data. 


Results 


Patients. After 4 years and with the cooperation of 
many patients and gynecologists a sufficient number of 
uteri for our study were extirpated in the first 24 hours 
of menstruation. 

Nineteen patients entered the trial. Seven patients 
dropped out from the trial after the study cycle or at 
the time of operation for the following reasons: Four 
patients postponed hysterectomy or wanted only a 
planned hysterectomy; one was found to have a large 
leiofibromatous uterus at operation; one was already 
in a postmenstrual phase at operation; and one was in 
a premenstrual phase at operation. The one discontin- 
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Table I. Patient characteristics 








Placebo group 
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Mefenamic acid group 


(n = 5) (n = 6) 

Age (yr) 39.4 3.0 39.8 3.6 
Plasma progesterone levels (nmol/L) 

Midluteal 40.6 19.8 rf Be 14.9 

At operation 3.8 3.9 4.7 3.0 
Biphasic basal body temperature chart + — + — 
Menstrual hours* 13.4 5.8 10.5 5i2 
Plasma levels of mefenamic acid (pg/ml) 

Medicated cycle — — 4.39 3.09 

At operation — — 2.69 4.44 


*Interval between onset of menstruation and operation (hours). 


There were no statistically significant differences. 


Table II. Menstrual blood loss (milliliters) 
Placebo (n = 5) 


Control period 


106 92 

124 183 

130 207 

182 286 

217 178 
Mean 151 189 
SD 46 69 


Study period Control period 


Mefenamic acid (n = 6) 


Study period 


81 36 
86 56 
97 62 
105 78 
126 92 
154 68 
108* 65* 
27 19 





*p = 0.01. Other differences were not significant. 


uation was in a patient who stopped medication because 
of severe skin rash and itching. Her tablets contained 
mefenamic acid. 

Eventually 11 uteri were available for examination, 
six from women in the mefenamic acid group and five 
from the placebo group. Only a few side effects were 
reported spontaneously. In the placebo group one pa- 
tient mentioned headache and another itching. In the 
mefenamic acid group one patient mentioned stomach 
pains and, apart from the patient who discontinued the 
trial because of itching, another patient also com- 
plained of itching. No additional side effects were men- 
tioned when the patients were questioned. 

Characteristics of the patients whose uteri were stud- 
ied are shown in Table I. Progesterone levels measured 
at the midluteal phase and at the time of operation, 
together with the biphasic basal body temperature 
charts, indicate that preoperative cycles were ovulatory. 
Mefenamic acid levels during the treatment cycle and 
at operation show great variation but prove that all 
patients did take their tablets. 

Menstrual blood loss. Data on menstrual blood loss 
are shown in Table II. Mean menstrual blood loss in 
the control period did not differ between both groups 
(p = 0.09). In the mefenamic acid group, all menstrual 


blood losses decreased during the study period and 
mean menstrual blood loss dropped by 40% (p = 0.01). 
All patients but one had menstrual blood loss in the 
normal range when treated with mefenamic acid. Mean 
menstrual blood loss in the control and the study period 
did not differ in the placebo group (p = 0.46). 

Morphologic findings. 

Morphometric data. Morphometric data are presented 
in Table III. 

Aspect of the endometrium. Macroscopically, all 11 uteri 
had dark red, blood-engorged areas at hysterectomy. 
Microscopically, all uteri had endometria partly covered 
with epithelium, indicating that menstruation was still 
in an early phase at the time of hysterectomy. Endo- 
metrial height did not differ between the two groups, 
nor was endometrial height correlated with the interval 
between the onset of menstruation and the time of 
operation in the two groups. 

Number of vessels with and without a plug. The total 
number of vessels seen in light microscopy, venules as 
well as arterioles, was significantly reduced in the mef- 
enamic acid group compared with the placebo group 
(p = 0.03), which can be attributed to vessels without 
a plug (p = 0.02) because it is not true for vessels with 
a plug (p = 0.60). A possible explanation may be a 
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Table III. Morphometric data of endometrium, endometrial vessels, and hemostatic plugs in menstruating 


uteri of menorrhagic women receiving placebo and mefenamic acid 







Assessment 
technique 





Endometrial height (mm) LM 2.4 
Endometrial vessels 
Total vessel profiles (No.) LM 564 
With hemostatic plug (No.) LM 106 
With disrupted endothelial EM 46 
lining (%) 
With disrupted endothelial EM 62 
lining and with plug (%) 
Vessel diameter 
Diameter (um) LM 4] 
Arterioles+ 3] 
Diameter with plug (pm) LM 67 
Diameter without plug LM 34 
(um) 
Arterioles} 27 
Hemostatic plugs 
Size of plug 
Area occluded by plug (%) LM 54 
Venules+ 50 
Extravascular plugs (%) EM 26 
Form of plug 
Recanalized plugs (No.) LM 1] 
Arterioles+ l 
Occlusive plugs (No.) LM 38 
Nonocclusive plugs (No.) LM 53 
Indifferent plugs (No.) LM 4 
Transformation of plug 
Fractional volume of fibrin EM 18 
(%) 
Fractional volume of EM 8 
empty balloons (%) 
Membrane density (surface EM 3.4 
area of platelet mem- 
branes in pm?/ pm’) 
Granules (No./ um’) EM 2.3 


Placebo (n = 5) 







Mefenamic acid (n = 6) 


1.0 1.3-3.6 3.5 1.4 1.8-5.5 
118 445-721 384 116 282-61 1* 
50 52-178 118 38 69-161 
16 27-61 63 18 41-9] 
34 5-91 70 19 38-93 
8 32-53 5] 8 41-62 

8 23-44 50 15 30-72* 
15 44-85 68 3 64-71 
29 31-38 42 9 32-57 

7 20-39 45 12 33-67* 
10 43-67 61 10 46-75 
10 37-63 62 10 48-76* 
16 0-42 26 17 0-50 
22 0-51 16 12 0-33 

3 0-7 5 4 0-9* 
19 24-70 40 22 15-77 
28 28-92 54 28 27-105 

5 0-10 8 5 3-16 

4 11-21 22 9 15-35 

4 3-13 9 6 3-21 
0.6 2.6-4.1 De 0.7 2.4-4.0 
0.7 1.4-3.1 1.6 0.6 0.9-2.7 





LM, Assessed in light microscopy; EM, assessed in electron microscopy. In light microscopy, all numeric data are expressed 
per 125 section fields (except for the endometrial height, which was expressed per 10 sections) at a magnification of X25; in 
electron microscopy, per 10 to 15 ultrathin sections or 30 micrographs at X 7000 initial magnification. 


*Significant p values (0.02 to 0.05). 


+Data on arterioles and venules are given only if a statistically significant difference existed. In the placebo group, as well as 
in the mefenamic acid group, the ratio between venules and arterioles was 4:1. 


more extensive vasoconstriction of vessels in the mef- 
enamic acid group compared with that of the placebo 
group. Consequently, small constricted vessels will have 
escaped notice. Another possible explanation, a re- 
duced vessel number in the mefenamic acid group, 
seems less probable, because mefenamic acid given 5 
days before the expected menstruation is unlikely to 
reduce the number of vessels in secretory endome- 
trium. 

Menstrual blood loss in women in the placebo group 
correlated positively with the number of hemostatic 
plugs, both occlusive and nonocclusive, but not with 
other morphometric data.'* This correlation was not 
seen in the mefenamic acid group. 

Disruption of endothelium with and without a he- 
mostatic plug was observed in the mefenamic acid and 


the placebo group to the same extent. Increased plug- 
ging of such vessel holes was thus not the explanation 
for the decreased blood loss in the mefenamic acid 
group. 

Vessel diameter. There were no differences in the di- 
ameters of the total number of vessels between the mef- 
enamic acid and placebo group. More specifically, this 
held true for venules but not for arterioles, which were 
significantly larger in diameter in the mefenamic acid 
group compared with the placebo group (p = 0.05). 
This difference between the total population of vessels 
and the population of arterioles can be understood if 
one realizes that in both groups more venules were 
counted than arterioles, with a ratio of 1:4 (see Table 
III). This finding of more diluted arterioles in the mef- 
enamic acid group is in apparent contrast to the ob- 
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Fig. 4. Light micrograph of epon section showing small hemostatic plug (p), with extravascular 
extension from patient receiving mefenamic acid. (Original magnification X 2163.) 


servations above, where we concluded that vessels in 
the mefenamic acid group, venules as well as arterioles, 
probably were more contracted compared with the pla- 
cebo group. This difference can be understood if one 
assumes that because of the greater amount of con- 
tracting cells in their vessel wall small arterioles are 
more often contracted than small venules and hence 
less noticed. Consequently the arterioles in the mefe- 
namic acid group will be fewer and larger. 

Size of plugs. Plugs in both groups varied in size from 
small to huge and loose ones. In the mefenamic acid 
group, fewer huge plugs were observed than in the 
placebo group. Plugs extending into the extravascular 
space were observed in both groups (see Figs. 4 and 5), 
but the extravascular extensions were smaller in the 
mefenamic acid group. This difference could not be 
confirmed with electron microscopic morphometric 
analysis (see Table II), probably because of the limited 
number of cross sections available. The area occluded 
by hemostatic plugs in venules and small arterioles was 
greater in the mefenamic acid group than in the pla- 
cebo group (p = 0.05). 

Form of plugs. All four characteristic plug types, re- 
canalized, occlusive, nonocclusive, and indifferent, 
were observed in both groups. Recanalized plugs were 
observed significantly more often in arterioles of the 


mefenamic acid group (p = 0.05). However, this ob- 
servation is of limited value inasmuch as the total num- 
ber of recanalized plugs in arterioles is small (seven in 
the placebo group and nine in the mefenamic acid 
group). There were no significant differences in other 
forms of hemostatic plugs. As described earlier,'* men- 
strual blood loss in the placebo group was positively 
correlated with the number of both occlusive and non- 
occlusive plugs. 

Transformation of the plug. Direct observation showed 
that plugs of women treated with mefenamic acid 
seemed further transformed than those of women 
treated with placebo; platelets were more firmly inter- 
digitated and more degranulated and more empty bal- 
loons and fibrin fibers were noticed (see Figs. 6 
and 7). The transformation of the hemostatic plugs was 
also studied morphometrically at the electron micro- 
scopic level. Good correlation was observed between 
the decrease in menstrual blood loss during use of mef- 
enamic acid and combined parameters of further trans- 
formation of the plug (p < 0.025). 


Comment 

The reduction of menstrual blood loss by prosta- 
glandin synthesis inhibitors is well known but poorly 
understood. In this study, we describe the effect of one 
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Fig. 5. Electron micrograph of area in box in Fig. 4 showing disrupted endothelium (e). Empty 
balloons (eb) are attached to subendothelial collagen (c). n, Nucleus of subendothelial cell. (Original 
magnification X 11,880.) 


widely used inhibitor, mefenamic acid, on menstrual 
blood loss and on the morphologic features of early 
menstrual hemostasis in menorrhagic women. 
Mefenamic acid and placebo were used in a double 
blind study. Mefenamic acid decreased menstrual blood 
loss by 40%, which is in accordance with previous re- 
ports." * 

The morphologic features of early menstrual he- 
mostasis of both groups were strikingly different. In 
the mefenamic acid group, fewer huge hemostatic 
plugs were observed and their extravascular extensions 
were smaller. Hemostatic plugs in the mefenamic acid 
group were further transformed than those in the pla- 
cebo group. Three other significant differences of in- 
terest were found in the morphometric studies. First, 
the number of vessels without a hemostatic plug was 
decreased in the mefenamic acid group. Second, the 
vessel area occluded by a plug in venules was increased 
in the mefenamic acid group. Third, the degree of 
hemostatic plug transformation correlated inversely 
with the decrease in menstrual blood loss in the mef- 
enamic acid group. 

The differences described here suggest that mefe- 
namic acid may act through vasoconstriction and im- 
provement of platelet aggregation and degranulation. 
These changes obviously decrease the amount of men- 
strual blood loss. 

The observed changes may have been mediated by 


inhibition of prostaglandin I, and E, synthesis. An ef- 
fect of mefenamic acid or other nonsteroidal antiin- 
flammatory drugs on fibrinolysis has never been de- 
scribed. Recanalization of plugs, reflecting increased 
fibrinolysis, was seen as frequently in the venules of the 
placebo group as in the mefenamic acid group. In ar- 
terioles, recanalized plugs were seen significantly more 
often in the mefenamic acid group, but this is of little 
value because of their small number. 

The effect of mefenamic acid on menstrual hemo- 
stasis in essential menorrhagia is strikingly different 
from the effect of acetylsalicylic acid in human skin 
wounds.” Acetylsalicylic acid caused impairment of 
platelet aggregation and degranulation. The discrep- 
ancy may be the result of a different prostaglandin 
metabolism in the human skin compared with men- 
strual endometrium of menorrhagic women, or by a 
different mode of action between acetylsalicylic acid 
and mefenamic acid. The fact that acetylsalicylic acid 
does not decrease menstrual blood loss'* is an argument 
for the latter hypothesis. 

How precisely mefenamic acid causes vasoconstric- 
tion and further transformation of hemostatic plugs 
remains to be answered. Granström et al.'” have sug- 
gested that under the influence of prostaglandin syn- 
thesis inhibitors on cyclooxygenase, arachidonic acid is 
predominantly metabolized toward leukotrienes via the 
lipoxygenase pathway. Leukotrienes are strong vaso- 
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Fig. 6. Electron micrograph of periphery of hemostatic plug from patient receiving mefenamic acid 
showing firm interdigitation of degranulated platelets, empty balloon (eb), and centrally located 
fibrin (f). g, Granule. (Original magnification x 15,100.) 


ty aie Na 
AES “SE +S 


= 


s . W SA 
l bi E E, 
. ntet iT E> 
' ee 





Fig. 7. Electron micrograph of hemostatic plug from patient receiving placebo showing poor inter- 
digitating platelets. Some platelets still contain granules (g). No fibrin fibers are seen. eb, Empty 
balloon. (Original magnification x 17,700.) 
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constrictors and would reduce menstrual blood loss. 
Our findings are in agreement with such a hypothesis. 
Additionally, we also found an improvement of the 
transformation of the hemostatic plug in menstrual en- 
dometrium of women receiving mefenamic acid. How 
this is related to prostaglandin metabolism in endothe- 
lial cells and platelets deserves further study. 
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Elevated plasma Met-enkephalin levels in the human newborn 
are a poor indicator of perinatal ‘Stress 


iets M. Martinez, MD,"" James F. Padbury, MD, saad M. Barberie, BS,” 


Elizabeth E. Burnell, BS, and Siang Thio, BS’ — 
Los Angeles and Torrance, California 


OBJECTIVE: This study was designed to investigate whether plasma Met-enkephalin peptides could serve 


as markers of physiologic stress in the neonate. 


STUDY DESIGN: Infants (n = 115) between 1.2 and 4.7 kg and 28 and 42 weeks of gestation were 
studied at birth. Seventy-four infants were delivered by the vaginal route, 31 by cesarean section after 
labor, and 10 by cesarean section before labor. Correlations were sought between plasma enkephalin 
peptides and epinephrine, norepinephrine, and arterial blood gases with linear regression analysis. venous 


clinical data were also analyzed. 


RESULTS: Plasma Met-enkephalin levels were significantly greater in infants exposed to labor (440 + 36 
vs 260 + 30 pg/ml, p < 0.05). The large- molecular-weight forms of enkephalin peptides were also greater 
in these infants (approximately 50 + 4 vs 23 + 2 ng/ml). Theré was no correlation between plasma 
enkephalin peptides and catecholamines, arterial pH, or Apgar scores. There was a significant but weak 
correlation between plasma Met-enkephalin levels and birth weight (r = 0.34, p = 0.03) and Pao, 


(r = —0.28, p < 0.05). 


CONCLUSION: The lack of correlation between Met-enkephalin plasma levels and umbilical plasma 
catecholamine concentrations, acid-base status, or Apgar scores suggests that circulating Met-enkephalin 
is a poor indicator of stress in the newborn. (AM J OssteT GYNECOL 1992;166:1429-35.) 


Key words: Met-enkephalin, catecholamines, umbilical cord blood 


The enkephalin peptides are a family of related pep- 


tides that include Met-enkephalin, Leu-enkephaiin, : 
larger-molecular-weight carboxy-extended forms of 

Met-enkephalin, and the prohormone proenkephalin — 
A? Investigators have shown cosecretion of discrete . 


forms of the enkephalin peptides with catecholamines 
into the circulation in response to diverse stimuli.”™ We 


have previously shown plasma Met-enkephalin levels . 


are elevated in a group of healthy newborn infants at 


the time of birth when compared with adult volun- - 


teers. 
Numerous investigators have reported elevated 


levels of plasma catecholamines at birth.” In addition, . 
we demonstrated by multiple regression analysis that. 


among a variety of clinical variables umbilical arterial 


plasma catecholamines correlated best with the degree | 
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` of acidemia in umbilical cord blood at delivery.’ The 


current study was designed to investigate whether mea- 
surement of plasma enkephalin peptides could be used 
as a marker of physiologic stress in the neonate. We 
sought to find correlations between enkephalin pep- 
tides with characteristics of labor, route of delivery, ar- 
terial blood gases, and plasma catecholamines. In ad- 
dition, we evaluated correlations between circulating 
plasma enkephalin peptides and clinical characteristics 
of newborn infants. 


Material and methods 


Study protocol. Institutional review board approval 
was obtained to collect umbilical cord blood from 
infants born at Harbor~—University of California, 
Los Angeles Medical Center. Blood was drawn from 
the placenta immediately after cord clamping for mea- 
surement of plasma Met-enkephalin, larger-molecular- 
weight Met-enkephalin-containing peptides, plasma 
catecholamines, and arterial blood gas analysis. Clinical 
data were obtained from the mothers’ and infants’ med- 
ical ‘records and included presence and duration of 
labor, Apgar scores, fetal heart tracing, birth weight, 
gestational age, and route of. delivery. 

Laboratory analysis. Blood for measurement of Met- 
enkephalin was immediately placed into chilled test 
tubes containing sodium citrate (0.5 mmol/L, final con- 
centration), aprotinin (500 U/ml), and ethylenedi- 
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Fig. 1. Umbilical cord plasma Met-enkephalin immunoreactivity (upper panel) and high-molecular- 
weight énkephalin peptide (TOTAL ENKEPHALIN) ( lower pany: Values are mean + SEM. Asterisk, 


p< 0.05 (Mann- Aey nonparametric test). 


Table I. Characteristics of 115 patients studied 


Group 3 (n = 10) 





Weight (kg) 3.3 40.1 (1.2-4.7) 
Gestational age (wk) 38.8 + 0.3 (28-44) 
PaO, (mm Hg) - 18.9 + 1 (8-52) 
pH te 7.23 + 0.01 (7.02-7.4) 
Apgar score (range) l 

lmin 0 1-9 

5min >- 5-10 


Group I (n = 105) Group 2 (n = 74} 


3.3+0.1 (1.4-4.7) 2.8 + 0.3 (1.4-4) 
39.3 + 0.3 (29-43) 37 + 2 (30-42) 
19 + } (9-36) 19.3 +2 (11-32) 
7.23 + 0.01 (7.0-7.4) 7.2 + 0.6 (6.8-7.3) 
1-9 1-9 
5-10 1-10 


Group 1, Infants exposed to laber; group 2, Napa deliveries; group 3, cesarean section with no labor. Data are mean + SEM 


with range shown in i) parentieses 


aminetetraacetic acid (3 mmol/L). Arterial blood for 
measurement of catecholamines was immediately 
placed into chilled tubes containing reduced glutathi- 
one (3 mmol/L) and ethylene glycol-bis(B-aminoethy! 
ether)N, N,N’;N‘-tetraacetic acid (4 mmol/L). All sam- 
ples were centrifuged, and the plasma was separated 


and frozen at — 70° C for analysis. 


Plasma for Met-enkephalin analysis was first ex- 
tracted with polystyrene columns and then measured 
by radioimmunoassay as previously described.* Because 
the antiserum used cross reacts 2.8% with Leu-en- 
kephalin, the data represent Met-enkephalin immu- 
noreactivity. Plasma measurement of the Met-enkeph- 
alin immunoreactivity released from the high-molec- 
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Fig. 2. Umbilical cord plasma epinephrine (upper panel) and norepinephrine (lower panel). Asterisk, 


p < 0.05 (Mann-Whitney). 


ular-weight enkephalin peptides . first underwent 
proteolytic digestion with trypsin and carboxypeptidase 
B, as previously described.®’ The plasma was extracted 
and measured by radioimmunoassay as. described 

above. The assay is sensitive to 2 pg. The interassay 
- and intraassay variabilities were 13% and 9%, respec- 
tively. Recovery of Met-enkephalin with this assay was 
determined to be >90% after 1000, 500, or 200 pg/ml 
additions to unextracted plasma. 

Plasma catecholamines were measured by a radioen- 
zymatic assay sensitive to 1 to 2 pg of norepinephrine 
and epinephrine, as previously described.’ 

Data analysis. The data are presented as mean and 
SEM. The catecholamine data were log transformed 
for statistical analysis. The Mann-Whitney nonpara- 
metric test was used for comparisons between the dif- 
ferent groups studied. Linear regression and stepwise 


multiple regression analysis was used to compare the . ' 


enkephalin levels with clinical parameters and hor- 


* 


monal measurements. A value of p < 0.05 was consid- 
ered statistically significant. 


Results | 

One hundred fifteen infants were studied. Seventy- 
four were born by vaginal route and 31 by cesarean 
section after a trial of labor and 10 without any ex- 


. posure to labor. In Table I the infants are divided into 


infants exposed to labor (group 1), infants delivered 


vaginally (group 2), and infants delivered by cesarean 


section without labor (group 3). The birth weights of 
the infants ranged from.1.2 to 4.7 kg, and the gesta- 
tional ages ranged from 28 to 42 weeks. Table I also 
shows additional information obtained from the ma- 
ternal records, including birth weight, gestational age, 
arterial pH and Pao., and Apgar score. As can be seen 
from the range of values, this was a diverse group of 
infants, some of whom were quite ill at the time of 
delivery. 
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‘, Fig. 3. Linear regressions between Met-enkephalin i immunoreactivity and plasma epinephrine (upper 
panel) and norepinephrine (lower panel) in a paired samples. 


The plasma enkephalin peptide levels are shown in 
Fig. 1. Plasma Met-enkephalin immunoreactivity levels 
were significantly greater in those infants undergoing 
labor before delivery, with levels of 450 + 40 pg/ ml 
for all labor and 400 + 30 pg/ml for vaginal delivery 
versus 260 + 30 pg/ml for patients delivered with no 
labor. Similarly, the high-molecular-weight enkephalin 
peptide levels were higher in infants born after labor 
when compared with infants born with no exposure to 
labor, with levels of approximately 50 + 4- versus 
23 + 2 ng/ml. 

As can be seen in Fig. 2, plasma epinephrine levels 
were similarly elevated in infants born after labor, with 
levels of 3300 + 2400 and 4000 + 3000 pg/ml versus 
levels of 300 + 250 pg/ml in those infants born by 
“cesarean section with no labor. There were no differ- 
ences in plasma norepinephrine levels among the three 
groups of infants. 


With linear regression in 87 paired samples we could 
find no correlation between high-molecular-weight 
enkephalin peptide and plasma epinephrine (r = 
—0.102, p = 0.35) or norepinephrine (r = —0.06, 
p = 0.6). These data are shown graphically in Fig. 3. 
Although not shown, there was similarly no correlation 
between high-molecular-weight enkephalin peptide 
versus epinephrine or norepinephrine. Using stepwise 
multiple regression analysis we found weak but signif- 
icant correlations between Met-enkephalin immuno- 
reactivity and birth weight and Pao, (p< 0.05). A 
second-order equation best fit the data and is shown in 
Fig. 4. 


Comment 


This study was undertaken to determine whether 
measurement of plasma Met-enkephalin or enkepha- 
lin-related peptides could be used as markers of phys- 
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Fig. 4. Linear regressions between Met-enkephalin immunoreactivity and birth weight (upper panel) ` 


and PaO, (lower panel) in 87 paired samples. 


iologic stress in the newborn at birth. We asked whether 
circulating enkephalin peptides would correlate with 
established markers of perinatal stress, such as arterial 
blood gases and plasma catecholamines. In addition, 
we sought to find significant correlations between cir- 
culating enkephalin peptides and clinical characteristics 
of newborn infants, such as gestational age, birth 


weight, Apgar scores, and mode of delivery. We had . 


previously reported plasma high-molecular-weight en- 
kephalin peptide levels to be significantly greater in a 
smaller group'of healthy newborn infants’ umbilical 
cord blood when compared with that of nonpregnant 
adult volunteers, whose plasma levels were approxi- 
mately 25 + 2 pg/ml. The plasma high-molecular- 
weight enkephalin peptide levels were not elevated in 
these newborn infants when compared with adult 
levels.® 

In the current study we found that plasma Met-en- 


kephalin immunoreactivity and high-molecular-weight 
enkephalin peptide levels were significantly greater 
in infants born after a trial of labor. We similarly 
found plasma epinephrine levels to be greater in these 
same infants. In addition, we found significant but 
weak correlations between plasma Met-enkephalin im- 
munoreactivity versus birth weight and arterial Paos. 
We found no correlation between plasma levels of 
Met-enkephalin immunoreactivity or high-molecular- 
weight enkephalin peptide versus plasma epinephrine 
or norepinephrine, systemic pH, or Apgar scores. 
The opiate peptides (which include enkephalins, en- 
dorphins, and dynorphins) have been implicated in the 


` response to diverse forms of stress, including hypoxia, 


hypoglycemia, hemorrhage, and septic shock.® *" The 
opiate peptides and their receptors have been identified 
in central nervous system areas important for auto- 
nomic, cardiovascular, and respiratory control.” Recent 
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investigations have suggested the opiate peptides may 
play a role in the response to asphyxia and hypoxia in 
the fetal and neonatal period.’*'* B-Endorphin is ele- 
vated during pregnancy, in response to labor and de- 
livery. An inverse correlation between B-endorphin 
and umbilical cord Pao, and pH have been previously 
shown in both sheep and human studies.’ ° B-Endor- 
phins have also been shown to be elevated in term and 
premature infants born with perinatal depression.” 
By contrast, the role of the enkephalin peptides dur- 
ing delivery and perinatal stress has not been fully 
examined. 

The physiologic role of opiate peptides has been the 
subject of many investigations. In vitro studies have 
shown that opiate peptides inhibit norepinephrine re- 
lease in sympathetic ganglia through presynaptic in- 
hibition of cholinergic transmission.’* Opiate peptides 
have also been shown to inhibit adrenal catecholamine 
release in response to cholinergic stimulation.’® In vivo 
studies with the opiate receptor antagonist, naloxone, 
have shown increases in circulating catecholamines and 
improvements in blood pressure and circulatory func- 
tion in different animal models of shock.'* '*° We have 
shown that opiate peptide receptor blockade with nal- 
oxone augments epinephrine levels in fetal sheep ex- 
posed to hypoxia*’ and augments catecholamine levels 
and cardiovascular responses in newborn sheep at 
birth.” 

The enkephalins are localized in brain stem nuclei 
involved in autonomic regulation, in sympathetic neu- 
rons and sympathetic ganglia, and in chromaffin cells 
of the adrenal medulla.”-* In the adrenal medulla the 
enkephalin peptides are costored with catecholamines 
as Met-enkephalin and Leu-enkephalin and as larger- 
molecular-weight peptides, including the prohormone 
proenkephalin A.’ All forms of enkephalin peptides 
have been shown to be coreleased with catecholamines 
from the adrenal gland during physiologic stimuli.” In 
this current study we found concomitant elevations of 
plasma Met-enkephalin peptides and catecholamines at 
birth. In addition, the highest levels of enkephalin pep- 
tides and epinephrine are found in those infants ex- 
posed to labor. These data do not negate or prove that 
cosecretion of these peptides occurs at birth. Differ- 
ences in the secretion rates or plasma clearance rates 
of these peptides in the newbcrn may account for the 
lack of correlation seen in the circulating levels. These 
unresolved questions would represent exciting direc- 
tions for future studies. 

The increase in plasma Met-enkephalin seen in the 
perinatal period is consistent with the postulated role 
the opiate peptides have in the ventilatory and cardio- 
vascular responses in the perinatal period. ™™ 4 The 
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lack of correlation between Met-enkephalin plasma 
levels with catecholamines or systemic pH and the poor 
correlation with arterial Pao, suggests circulating Met- 
enkephalin is a poor marker of stress in the perinatal 
period. Furthermore, because proenkephalin A is only 
expressed in neural tissue (sympathetic neurons, gan- 
glia, adrenal medulla, and the central nervous system), 
we speculate that the correlation seen in this study with 
birth weight may represent a neuromaturational phe- 
nomenon. 


We thank the Perinatal Research Staff of the Clinical 
Research Center at Harbor—University of California, 
Los Angeles Medical Center, including Christine Mori, 
RN, Sara Alvarez, RN, and Artemesa McCullough, RN, 
for their assistance. ' 
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Lack of reactivity of uterine arteries from patients with 


obstetric hemorrhage 


. Sharon H. Nelson, EBD; and | Maya S. Suresh, MD 
Galveston, Texas 


Obstetric hemorrhage may occur throughout pregnancy and the puerperium. The purpose of this study 
was to. investigate the reactivity of isolatéd, suffused uteririe arteries from obstetric patients with - 
uncontrollable uterine bleeding and to compare those blood vessels with uterine arteries from patients 
undergoing cesarean hysterectomy for other medical reasons (control patients). The uterine arteries from 
the control patients (n = 9) responded -with maximal or near-maximal constriction to norepinephrine . 
(30 pmol/L, 3.6 + 1 gm), potassium chloride (75 mmol/L, 10.2 + 3 gm), prostaglandin Fo, (30 pmol/L, 
1.8 +1 gm). and arginine vasopressin (1 pmol/ L, 18.8 + 2.6-gm). In uterine arteries from five patients ` 
with uncontrollable bleeding, the constrictor responses to the same drugs were markedly depressed: 
norepinephrine (30 pmol/L; 0.5 + 0.2 gm), potassium chloride {75 mmol/L, 1.9 + 0.8 gm); prostaglandin 
Fax (30 pmol/L, 0 gm), and arginine vasopressin (1 pmol / L, 0.2 + 0.05 gm). Uterine arteries from two 
patients exhibited no constrictor responses to norepinephrine (30: pmol/ L), potassium chloride (75 
mmol/L), prostaglandin Fon (30 mol/L), or arginine vasopressin (1 wmol/L). The impaired responses to 
the vasoconstrictor drugs were not reversed by indomethacin (1 pmol/L), which is an inhibitor of 
prostaglandin synthetase; methylene blue (10 umol/ L), which is a'blocker of endothelium-derived relaxing 
factor activation of guanylate cyclase; or propranolol (1 pmol/L), a B- adrenergic receptor antagonist. The 
levels of adenosine -3' :5’-cyclic monophosphate were not elevated in the uterine arteries from the patients 
with obstetric hemorrhage. The impaired reactivity to the multiple vasoconstrictors implies that a 
mechanism involved in constriction common to all of the constrictors is depressed or blocked. _ 
Furthermore, the depression or lack of reactivity of these isolated uterine arteries is not mediated by 
vasodilatory prostaglandins, endothelium-derived relaxing factor, B-adrenergic receptors, or elevated levels 
of adenosine 3‘ :5'-cyclic monophosphate. The results suggest that obstetric hemorrhage involves, in part, 
a lack of constrictor reactivity of the uterine vasculature. os J Osstet Gynecot 1992; 166: 1436-43. ) 


Key worda Vascular aooi muscle, norepinephrine-induced constriction, pase 
chloride-induced constriction, ‘obstetric hemorrhage, pregnancy’ 


Obstetric hemorrhage may occur throughout preg- 
nancy and the puerperium. Postpartum hemostasis is 
generally thought to result from uterine muscle con- 
traction and retraction and from thrombosis and fi- 
brosis. Causes of the loss of this hemostasis, which re- 
sults in uncontrollable uterine bleeding, include uterine 
atony, trauma to the genital tract and adjacent struc- 
tures during labor and delivery, retained products of 
conception, coagulation defects, and abnormal placen- 
tation. The management in cases of hemorrhage in- 
chides obstetric and pharmacologic maneuvers such as 
uterine massage, exploration and curettage of the 
uterus, surgical repair of traumatized tissue, and ad- 
ministration of goni oxytocin, prostaglandins; and 
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other pressor drugs, as well as the administration of 
electrolytes, blood, and blood components.' If these 
measures are unsuccessful, emergency e RR 
may be required. 

Although a number of factors are associated with 
obstetric hemorrhage, virtually nothing is known about 
the reactivity of the uterine vasculature during uncon- 
trollable uterine bleeding of pregnant patients. Uncom- 
plicated (normal) pregnancy has been shown to have 
little or no effect on the responses of the human uterine 


-artery to various constrictor agents.” * The possibility 
exists that the uterine vasculature of pregnant patients 
with uncontrollable uterine bleeding is depressed and 


thus does not constrict sufficiently for hemostasis. The 
purpose of this study was to investigate the reactivity 
of uterine arteries from patients with obstetric hem- 
orrhage who underwent cesarean hysterectomy and to 
compare those blood vessels with uterine arteries from 
patients who underwent cesarean hysterectomy for 
other medical reasons (control patients). The use of 
uterine arteries obtained exclusively from pregnant pa- 
tients avoided confounding hemodynamic, humoral, 
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and neurogenic influences of the nonpregnant con- 
dition. | 

A number of mechanisms responsible for the uterine 
vasodilatation that occurs during normal pregnancy 
have been investigated. For example, studies have 
shown that pregnancy increases the release from the 
endothelium of vasodilator substances such as endo- 
thelium-derived ‘relaxing factor in the uterine artery 
from humans‘ and guinea pigs’ or prostacyclin in the 
uterine artery from sheep.® Other studies suggest an 
alteration in calcium channels or intracellular calcium 
stores in the isolated uterine artery from the pregnant 
human.? Drug-induced increases in levels of adenosine 
3‘: 5'-cyclic monophosphate (cAMP) are associated with 
relaxation of smooth muscle, and elevated basal levels 
of cAMP have been reported in uterine arteries from 
pregnant ewes.’ Any of these mechanisms involved in 
decreasing uterine vascular tone during normal preg- 
nancy may play an even greater role in uterine arteries 
from patients with obstetric hemorrhage. 


- Material and methods 


Specimens of the ascending branch of the uterine 
artery were obtained from patients undergoing cesar- 
ean hysterectomy for various medical reasons. Use of 
the uterine arteries from patients undergoing hyster- 
ectomy was approved by the Institutional Review Board 
for the University of Texas Medical Branch, Galveston, 
Tex. Patients varied in age from 23 to 37 years. All 
gestations were term. The patients received antacid 
(Bicitra, Willen Drug Co.) for aspiration prophylaxis. 
Anesthesia was induced with thiopental and maintained 
with nitrous oxide—oxygen and either halothane, en- 
flurane, or isoflurane. 

Sections of the uterus that contained the uterine ar- 
teries were placed in gassed (95% oxygen and 5% car- 
bon dioxide) Krebs-bicarbonate solution immediately 
after hysterectomy and before being taken to the lab- 
oratory. The preparation of isolated arterial rings and 
the suffusion techniques used have been described in 
detail previously.*? In brief, rings 2 mm in length were 
prepared from the uterine artery and mounted be- 
tween two tungsten wires in a 5 ml volume suffusion 
chamber. The diameter, measured by a dissecting mi- 
croscope, of the unstimulated uterine artery taken from 
patients with uncomplicated pregnancy is not signifi- 
cantly different when compared with the uterine artery 
from multiparous, nonpregnant patients. Changes in 
isometric tension,were measured. by means of a force- 
displacement transducer (Statham) connected to the 
upper mounting wire and recorded on a Gould re- 
corder (model 2400, Brush). 

The mounted arteries were suffused eae ous 
with gassed (95% oxygen and 5% carbon dioxide) 
Krebs-bicarbonate solution at a flow rate of 4 ml/min 


i Lack of reactivity of.uterine arteries 1437 


delivered by a peristaltic pump (Gilson Instruments). 
The Krebs-bicarbonate solution had the following com- 
position: sodium chloridė, 119 mmol/L; sodium bicar- 
bonate, 25 mmol/L; potassium chloride, 3.6 mmol/L; 
magnesium sulfate, 1.2 mmol/L; potassium - phos- 
phate monobasic, 1.2 mmol/L; calcium chloride, 2.5 
mmol/ L; glucose, 11 mmol/L; ascorbic acid, 0.005 
mmol/L; and disodium ethylenediaminetetraacetate, 
0.03 mmol/L. The ‘bath solution was maintained at 
37° Cand had a pH of 7.4. The drugs were adminstered 
in the inflowing suffusion fluid. 

The preparation was allowed a stabilization period 
of 1 to 2 hours before the experiment began. During 
that time, basal tension was adjusted repeatedly until 
the resting tension became stable at 1 gm, which we 
have found to be the optimal resting tension for the 
human uterine arteries. Uterine arteries from patients 
having cesarean hysterectomy for medical reasons 
other than obstetric hemorrhage (control patients, type 
I) had reproducible constrictor responses to norepi- 
nephrine for several hours after the stabilization 
period. 

The drugs studied, including norepinephrine, se- 
rotonin, arginine vasopressin, prostaglandin Foa (PGF,,) 
and potassium chloride have multiple mechanisms of 
constriction, such as activation of receptor-operated 
and voltage-dependent calcium channels, as well as re- 
lease of intracellular calcium. The concentrations of the 
drugs used in the studies were found to elicit 60% to 
100% of ‘the’ maximum constriction produced by each 
drug’ in uterine_arteries from normal pregnant and 
nonpregnant patients. If little or no constriction was 
elicited by the vasoconstrictor drug, the drug concen- 
tration was increased. Each concentration of the con- 
strictor drug was administered for at least 15 minutes, 
a time found to produce a stable constriction in uterine 
arteries from normal pregnant patients.? Each drug was 
washed out for 30 minutes before the subsequent ad- 
ministration of another drug. 

_ The mechanisms for the impaired constrictor re- 
sponses were investigated. with the following proce- 
dure. Norepinephrine (30 wmol/L) was administered 
for 15 minutes. After the norepinephrine-induced con- 
striction returned to baseline or after 15 minutes, the 
arterial ring was suffused for 30 minutes with a given 
concentration of indomethacin, to inhibit prostaglan- 
din synthetase, with methylene blue, to prevent the 
effect of endothelium-derived relaxing factor on sol- 
uble, guanylate cyclase, or with propranolol, to antag- 
onize B-adrenergic receptors. Norepinephrine, in the 
presence of the antagonist or blocker, was again ad- 
ministered for 15 mmutes. 

To determine whether the impaired constrictor re- 
sponses were due to elevated basal levels of cAMP that 
are. associated with smooth muscle relaxation, basal 
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Table I. Categories of patients on basis of reactivity of isolated uterine arteries 






Patient 
Ne. 


Type I (normal reactivity) 


03 84 Placenta accreta 
04 83 Fibroids ; 
Cervical carcinoma, mar- 


65 80 
: ginal placenta previa 


74 85 Cervical cancer 
72 97 Severe dysplasia 
71 96 Carcinoma 
77 93 Placenta accreta 
22 85 Permanent sterilization 
83 84 Cervical carcinoma 
Type IT (weak reactivity) | | 
48 73 Repeat cesarean section 900 
64 53 Uterine atony, possible 


amniotic fluid em- 
bolism 


Lowest MAP F Estimated blood 
(mm Hg) Diagnosis loss (ml) Coagulopathy Drugs 


10,000 






Associated clinical 
phenomena 


Repeat cesarean 


section 
Levothyroxine so- Amniocentesis 
dium (Syn- 
throid) 
= —— Amniocentesis 


= — Repeat cesarean 
section, am- 


niocentesis 


Chronic hyper- 
tension, tox- 
emia with 
previous 
pregnancy, 
repeat cesar- 
ean section, 


amniocentesis 
= — Repeat cesarean 
section 
— Terbutaline, folic Amniocentesis, 
acid - anemia 
S Oxytocin Amniocentesis, 
(Pitocin) anemia 


+ (DIC) Methylergonovine — 
maleate (Meth- 
ergine), PGF, 
blood products, 
furosemide (La- 
six), gentamicin, 
dopamine, 
Pitocin 


All patients were multiparous and had no evidence of hypoxia or sepsis. Coagulopathy was determined by prothrombin time, 
thromboplastin time, platelet levels, levels of fibrinogen, and. fibrin degradation products. Drugs included medications other than 
those normally used. MAP, Lowest mean arterial pressure; D/C, disseminated intravascular coagulation. 


levels (but not stimulated levels) of cAMP were deter- 
mined ‘by radioimmunoassay.’* "! Stimulated levels of 
cAMP were not determined because the depessed con- 
tractility precluded a correlation between vasorelaxa- 
tion and stimulated levels of cAMP. Portions of arteries 
were blotted, weighed, and frozen in liquid nitrogen. 
Frozen tissue was homogenized in 2 ml of 10% tri- 
chloroacetic acid (cold) with a Polytron tissue disruptor 
at a setting of 6 for 30 seconds. The supernatant was 
lyophilized and reconstituted in 1 ml of 50 mmol/L 
sodium acetate, pH 4.75. Aliquots were acetylated and 
assayed for cAMP by radiommunoassay. 

Because endogenous vasodilators and vasoconstric- 
- tors may be released from the endothelium, the pres- 
ence of endothelium was determined by a silver stain 
technique.”? ‘Arterial rings proximal and distal -o the 
rings used for the pharmacolcgic studies were cut open, 
laid adventitia-side-down, and stained. Other rings 
were stored in 10% formalin for subsequent paraffin 
embedding and staining with hematoxylin and eosin. 

Norepinephrine-induced constriction was often as- 


sociated with phasic constrictions (drug-induced oscil- 
latory activity). When norepinephrine-induced oscil- 
latory activity occurred, the lowest tension that devel- 
oped during the rhythmic activity was taken as the 
response (1.€., the amplitude of the rhythmic activities 
was not included in the measurements). Data are pre- 
sented as mean values + SE. 

All stock solutions and serial dilutions made in Krebs- 
bicarbonate solution were prepared shortly before the 
start of each of the experiments. The following drugs 
were used and weré obtained from Sigma Chemical 
Company, St. Louis; (—)-arterenol bitartrate, indo- 
methacin, and methylene blue, PGF», [Arg*]-vasopres- 
sin acetate, DL-propranolol hydrochloride, histamine 
diphosphate, and 5-hydroxytryptamine creatinine 
sulfate. 


Results 

The patients were divided into three categories. The 
control patients were considered type I. The hemor- 
rhaging patients were divided into types IJ and III on 
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Retained products of 


06 57 conception 4000 
Placenta accreta, second- 
ary vaginal and uterine 
75 66 laceration 5000 
82 77 Uterine atony 3200 
Type II (no reactivity) 
Abnormal placental im- 
01 88 plantation 2000 
26 - 76 Uterine atony 1500 


History of in- 
travenous 
drug abuse 
and hepatitis 
B, chronic in- 
flammation of 


endometrium 
and myome- 
PGF,,, blood trium, lym- 
Throm- products, ampi- phocyte infil- 
bocyto- cillin, genta- tration of 
penia micin myometrium 
Methergine, 
PGF», blood 
products, genta- 
micin, (Cleocin), Delivery at 
magnesium home, breech 
+ (DIC) sulfate birth 
Merhergine, 
PGE,,, ephed- 
rine, Pitressin, Repeat cesarean 
blood products, section, 
albumin, mag- chronic ane- 
nesium sulfate, mia, chronic 
+ (DIC) hydralazine cervicitis 
-Pitocin, PGF,,, 
= prostaglandin E} — 
Methergine, Amniocentesis, 
PGFs, prosta- repeat cesar- 
glandin Ey, ean section, 
~ Pitocin anemia 





the basis of reactivity of the isolated uterine artery. 
Types I and III were not associated with any particular 
diagnosis, parity, presence of coagulopathies, or de- 
pressed mean arterial blood pressure (Table I). 

The uterine arteries from the control patients (type 
I, n = 9) responded with a maximum or near-maxi- 
mum constriction to norepinephrine (30 pmol/L, 
3.6 + 1 gm), potassium chloride (75 mmol/L, 10.2 + 
3 gm), and arginine vasopressin (1 pmol/L, 18.8 + 2.6 
gm). In uterine arteries from five patients with uncon- 
trollable bleeding (type II), the constrictor responses to 
the same drugs were markedly depressed: norepi- 
nephrine (30 pmol/L, 0.5 + 0.2 gm), potassium chlo- 
ride (75 mmol/L, 1.9 + 0.8 gm), PGF,, (30 pmol/L, 
0 gm) and arginine vasopressin (1 pmol/L, 0.2 + 0.05 
gm). Uterine arteries from two patients (type III) ex- 
hibited no constrictor responses to norepinephrine (30 
mol/L), potassium chloride (75 mmol/L), PGF,, (30 
wmol/L), or arginine vasopressin (1 pmol/L). Records 
of experiments that used uterine arteries from the 
three categories of patients are shown in Fig. 1. The 
results from the experiments are summarized in Fig. 
2. When the concentrations of the constrictor drugs 
were increased, little or no further increases in con- 
striction were observed. In preliminary studies that 
used uterine arteries from patients with uncontrollable 
uterine bleeding various concentrations of the drugs 
were used but no responses were elicited except at 


higher concentrations. The depressed responses to the 
various vasoconstrictors persisted, in spite of continual 
suffusion and repeated administration of the drugs for 
8 to 12 hours. 

Other constrictor agents (serotonin, 30 pmol/L; cal- 
cium chloride, 4 mmol/L; histamine, 30 pmol/L) were 
used in a few of the uterine arteries from patients with 
obstetric hemorrhage (types II and III). None of these 
agents induced constriction. The impaired response to 
norepinephrine was not reversed by indomethacin 
(1 pmol/L), which is an inhibitor of prostaglandin 
synthetase; by methylene blue (10 pmol/L), which is 
a blocker of endothelium-derived relaxing factor 
activation of guanylate cyclase; or by propranolol 
(1 pmol/L), an antagonist of B-adrenergic receptors 
(Fig. 3). 

The basal concentrations of cAMP were 152.7 + 1.4 


pmol/gm wet weight in uterine arteries (n = 3) from 


patients with obstetric hemorrhage and 170.3 + 4.5 
pmol/gm wet weight in uterine arteries (n = 3) from 
control patients. 

The intimal surface of the arterial rings was exam- 
ined microscopically en face after application of a silver 


‘stain to ascertain the presence of endothelial cells. Al- 


most all the intimal surface of the rings was covered by 
endothelial cells as demonstrated by “black” cell bor- 
ders. In the tissues that were embedded, stained, and 
examined at a magnification of x40, there did not 
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Fig. 1. Records of experiments showing 2ffects of seo nape (NE), potassium chloride (KC), 
_ and arginine vasopressin (ADH) in isolated uterine arteries from the various patient types (J, I, and 
IIT). Concentrations of constrictor agents produced maximum or near-maximum constrictions in 


control patients (7 ). 


appear to be’ any differences in the endothelial and 
smooth muscle layers of the arteries from type I ‘con- 
trol) patients (n = 3) or type IT (n = 
orrhaging) patients .(n = 2). | 


‘Comment 


During obstetric hemorrhage the patient is - often 


given. drugs to increase uterine tone. These drugs, in- ’ 


cluding oxytocin, ergot alkaloids, vasopressin (P-tres- 
sin), and PGF,,, have vasoconstrictor action. The pa- 
tients may also receive vasopressors such as ephedrine 


and phenylephrine. In this study isolated uterine ar- 


teries from patients experiencing obstetric hemorrhage 
demonstrated depressed or lack of reactivity to some 


of the same vasoconstrictor drugs used in the patient. . 


1) or WI (aem- :' 


To our knowledge this is the first report of such an 


altered reactivity in the isolated uterine vasculature of 
patients with obstetric hemorrhage compared with 
pregnant patients who undergo cesarean hysterectomy 
for. other medical reasons. 

This study involved only uterine arteries from preg- 


- _ nant patients, which eliminates the variability in results 


that may occur when pregnant and nonpregnant con- 
ditions are compared. We have previously shown that 
the norepinephrine or potassium chloride concentra- 
tion that produced 50%.of the maximal contraction and 
the maximal contractile response to norepinephrine or 
potassium chloride are similar in uterine arteries from 
pregnant and nonpregnant patients.* * However, other 
studies comparing pregnant and nonpregnant condi- 
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Fig. j, Summary. of results showing depressed constrictions induced by vasoconstrictors that act 


through various mechanisms i in- uterine arteries from. patients with obstetric hemorrhage. Data were 
obtained from experiments sirnilar to those shown in Fig; 1. Each bar represents constrictor response 


n= 9; II, n = 5; IMI, EN 


tr ri 


- tions show a variability. in the constrictor responses: to 


drugs such as horepinephrine, phenylephrine, or 
PGF,, in uterine arteries from pregnant sheep,'*” 
bits,"* and guinea pigs." i - 
An effort was made to deterinine tiie mechanism for 
‘the depressed’ reactivity in the uterine arteries from the 
patients experiencing hemorrhage. Agents. were used 
that have beén shown to produce. vasoconstriction by’ 
different mechanisms such as activation of receptor- 
operated and/or voltage-dependenit calcium channels 
as well as the release of calcium from intracellular stor- 
age ‘sites. Thes¢: various compounds produced no or 
only low constrictions. The results suggest that the de-. 
pressed tnechanism i is common to all of the constrictors. 
Thus perhaps the contractile immed itself is im- 


paired. 


‘It is possible that ikse uterine arteries from patients. 
experiencing obstetric hemorrhage may have elevated 
levels of an endogenous vasodilator that is coritinuously _ 
released. We have previously’ reported that endothe- 
lium-derived relaxing ‘factor production’ or'release is 
increased in uterine arteries from normal pregnant pa- 
tients when compared with, that of nonpregnant pa- 
tients.’ However, inthe uterine arteries from patients 


rab- 


in grams (g) produced ‘by vasoconstrictor and is mean a SE of data from ` various patient types (Z, 


i ` 
aloag 
is 


, f 
` 
Pi 
` 
af ` 1 
r`- 


ele Se 
ee <, 


i with Hiéindithage, methylene blue (an inhibitor of the 


action of endothelium-derived relaxing factor or nitric 
oxide on soluble guanylate cyclase)” did not increase 
the- baseline or enhance the subsequent response to 
norepinephrine to any greater extent than it did in 


normal pregnant uterine arteries. Furthermore, in- 


i 


l 


epinephrine- -induced 


doniethacin, a cyclooxygenase inhibitor, did not in- 
crease the baseline or increase the constrictor response 
to norepinephrine, which indicates that an endogenous 


. vaşodilator prostaglandin was not continuously re- 


leased or released with exposure to norepinephrine. 

i ` In other blood vessels the B.-adrenergic receptor has 
been shown to mediate vasodilatation. Norepinephrine 
has: a low affinity for the vasodilatory B.-adrenergic 
réceptor but a high affinity for the 8,-adrenergic re- 


ceptor, Propranolol, a nonselective B-adrenergic recep- 
‘tor’: ‘antagonist, was used to determine whether there 
was an increased affinity of the B.-adrenergic receptor 
for norépinephrine or a change in the subtype from B 


to. Bi i ‘in, the uterine arteries that showed depressed nor- 
constrictions. Such changes 


would: be. reflected in a depressed norepinephrine-in- 


dticed constriction. However, the. response to norepi- 


; nephrine. was unaffected. by the presence of propra 
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Fig. 3. ‘Lack of effect of inhibitors of. various vasodilator mechanisms. Norepinephrine (30 
pmol/ L) was administered for 15 minutes.in absence and presence of inhibitor. Inhibitor was present 
for $0 minutes before norepinephrine was readministered. Each bar represents constrictor response 


-to norepinephrinz i in grams (g) i in E of inhibitor (I, n = 


élol. Thus it appears that in 1 the’ uterine arteries, as well 
asin other blood vessels, norepinephrine is selective 


_ „for the B,-adrenergic receptor and that there is no 


| change in the B-adrenergic receptor subtype ` in the 
uterine’ arteriés from pauni with ‘obstetric hemor- 
rhage. | | 


between ċAMP concentrations in blood vessels and the 
degree of relaxation produced’ by stimulators ‘of ade- 
_nylate cyclase (e.g., isoproterenol). The basal levels of 


‘cAMP were not elevated i in the uterine arteries from - 


the patients with hemorrhage compared with. those of 


i uterine arteries from control pregnant patients. Hence ~ 
our results exclude'the possikilities that overstimulation - 

of adenylate cyclase or dysfunctional adenylate cyclase 

“or its regulatory G proteins (Gi or Gs) may be involved l 


in the depression: of contractility in the uterine arteries. 
The méchanism for the depressed'or lack of reactiv- 
ity of the uterine arteries from hemorrhaging ‘patients 


remains unclear. Ln: a review of the charts of the patients. ` 


no risk. factors could be found that were common to 


all of thé hemorrhaging (types I II and III) patients. Risk $ 


factors included causes of óbstetric hemorrhage, pres- 


ence of infection, development of hemorrhagic shock . > 
(volume of blood loss and fall. in‘mean arterial pres-. 


Numerous studies have shown: a goede ‘correlation. 


9; IH, n = 5; H, n = 2). 


r 


sure), parity, drugs, i associated aes phenomena. | 


Histologically, there did not appear to be any differ- 


ences in the intimal or medial layers in the uterine 
‘arteries. Furthermore, the depressed or lack of reac-. 


tivity could not be washed c out from the.isolated uterine 


aes with time. fe 


` It is generally thought that obstetric hemorrhage i is 
odali with a number of causes such. as uterine 


. atony, abnormal placentation, trauma during labor and 
delivery, and coagulation defects.’ The results. of this _ 
study, which used isolated uterine arteries from pa-- 

_ tients experiencing obstetric hemorrhage, suggest that 


these uterine arteries have lost their ability to constrict 


as a result of an unidentified - mechanism. Failure of 
‘uterine artery constriction may contribute to cuncon-. 
trollable obstetric putes 
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A reevaluation of estrogen status in postmenopausal women 


who smoke. 


Denise Lee Gina: Malcolm C. Pike, PhD, Ariel G. Vijod, MS, 


Frank Z. Stanczyk, PhD, and Rogerio A. Lobo, MD 
Los asi California | 


E RA in pasienis smokers has been suggested as the mechani for the observed 
decreased risk of endometrial cancer and increased risk of osteoporosis. We have prospectively studied a 
well-matched group of smokers nd nonsmokers and have evaluated their estrogen levels and compared 
them with existing data from the iterature. We conclude that increased adrenal activity resulting in 
increased androgens, mainly androstenedione, is seen in postmenopausal! smokers but that estrogen 
levels are not decreased. We hypothesize that in nonusers, unlike in users of estrogen, smoking is rot 
associated with changes in estrogen levels and that other mechanisms must be responsible for the 
epidemiologic observations seen. (AM J OssteT GYNECOL 1992;166:1444-8.) 


Key words: Smoking, postmenopausal women, hormonal status 


Recent studies. have shown that postmenopausal 
women who smoke have a decreased risk of endome- 
trial cancer and an increased risk of osteoporosis.” ? It 
has been assumed that the mechanism for these obser- 
‘ vations is profound hypoestrogenism, with levels of es- 
trogen being lower in postmenopausal women who 
smoke. Our recent study* and data from others** sug- 
gest that among users of ora! estrogen hepatic metab- 
olism of estrogen is increased with smoking, which re- 
sults in lower estrogen levels.** However, we hypothe- 
size here that smoking in nonusers of estrogen does 
not result in lower estrogen levels, and therefore other 
mechanisms for the epidemiologic findings need to be 
entertained. To this end, we kave prospectively studied 
a well-matched population of postmenopausal women 
not taking estrogen who were either smokers or non- 
smokers and have evaluated their hormonal status. We 
have also compared and combined our data with the 
findings of other investigators in the literature. 


Material and methods 


Subjects. Thirty-eight postmenopausal women 


agreed to participate in this study in response to in- 


dividual letters sent to members of a retirement com- 
munity in the Los Angeles area. All women had been 
postmenopausal for =5 years. None had received hor- 
monal replacement therapy, prednisone, cortisone, or 
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_ androstenedione, 
© (DHEAS), cortisol, sex hermone—binding globulin 
' (SHBG), and non-SHBG-bound estradiol. 


- anticoagulants for 6 months before the study. All pa- 


tients were healthy and had no prior history of cancer 
or chronic illness. Seventeen women were nonsmokers, 


and 21 were chronic smokers, who reported smoking 
$ an average of 19.9 cigarettes per day (Table I). 


Protocol. Volunteers were studied in the morning 
after they had eaten their usual breakfast. Smokers did 
riot smoke on the morning of the study before baseline 
testing (approximately 8 am). Blood samples were 
drawn at baseline and 3 hours later. During these 3 
hours smokers were instructed to smoke five of their 


, usual brand of cigarettes. Sera obtained were separated 


and stored at —20° until assayed. Values for tar and 


"nicotine content on brands of cigarettes were obtained 
_from the United States Federal Trade Commission 


Report.® | 

Assays. All samples were assayed for estrone, estra- 
diol, the estrogen conjugate estrone glucuronide, 
dehydrcepiandrosterone sulfate 


Estrone, estradiol, androstenedione, non-SHBG- 


bound estradiol, and SHBG levels were measured in 
- serum by previously validated assays.’°** Estrone and 


androstenedione were measured by radioimmunoassay 


- (RIA) after diethyl ether extraction and Celite chro- 


matography. Estradiol was measured by RIA after ex- 


traction with ethyl acetate/nexane (4:6, vol/vol), by 
_ means of an iodinated estrone kit from Pantex (Santa 


Monica, Calif.). Tritiated estradiol was added to the 


aliquot of serum in which non-SHBG-bound estradiol 
‘was measured. All labeled and unlabeled estradiol 


bound to SHBG was precipitated. The remaining la- 
beled unbound and non-SHBG-bound estradiol in the 
supernatant was counted and expressed as a percent 
of the total tritiated estradiol added. The resulting per- 
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centage was multiplied by the serum estradiol to de- 
termine non-SGHB-bound estradiol in picograms/mil- 
liliter. SHBG was quantitated by determining its bind- 
ing affinity to dihydrotestosterone in 0.1 ml of serum 
with the charcoal technique, which uses the tempera- 
ture-dependent properties of proteins. The interassay 
coefficient of variation determined in pooled serum was 
13% for estrone, 13% for estradiol, 12% for andro- 
stenedione, 10% for non-SHBG-bound estradiol, and 
13% for SHBG. 

Estrone glucuronide was measured in an aliquot of 
0.6 ml of serum combined with an internal standard of 
approximately 1000 disintegrations/min tritiated es- 
tradiol glucuronide (Amersham Laboratories, Buck- 
inghamshire, England; specific activity 12.6 Ci/mmol) 
and dissolved in 0.1 ml of 0.2 mol/L sodium phosphate 
buffer, pH 6.8, to monitor procedural losses, then in- 
cubated at 37° C for 30 minutes. Two milliliters phos- 
phate buffer is added to the aqueous layer after ex- 
traction to remove unconjugated steroids. To each sam- 
ple 500 U of B-glucuronidase (type VII-A from 
Escherichia colt, Sigma Chemical Company, St. Louis) in 
0.1 ml of phosphate buffer was added and incubated 
16 to 18 hours at 37° C. The hydrolyzed estrogens were 
extracted twice with 5 ml ethyl acetate/hexane (4:6, 
vol/vol). After the organic solvents were evaporated, 
the extract was reconstituted and the estrone was mea- 
sured as previously described. All values are corrected 
for molecular weight. The sensitivity of the assay, de- 
fined as the smallest amount of estrone glucuronide 
per RIA tube that reduces the number of counts per 
minute of tritiated estrone glucuronide bound at zero 
mass by 2 SD, was 3.9 pg per tube or 45 pg/ml. Ac- 
curacy of the RIA was established as follows. Known 
quantities of authentic estrone glucuronide was added 
to aliquots of pooled serum. Linear regression analysis 
of the estrone glucuronide measured in pooled serum 
versus the amount of conjugated steroid added was 
done. A correlation coefficient of 0.99 was obtained. 
The specificity of the enzyme was 0.27% for conjugated 
sulfates. The interassay coefficient of variation for es- 
trone glucuronide was 10%. 

Serum DHEAS was determined by RIA as previously 
described.’* Y Cortisol was measured by RIA after its 
extraction from serum (0.01 ml) with ethyl acetate/hex- 
ane (1:1, vol/vol). The antiserum was raised against 
cortisol-3-(O-carboxymethyl)oxime-bovine serum al- 
bumin (ICN/RSL, Irvine, Calif.) and was used in con- 
junction with tritiated cortisol (DuPont NEN Research 
Products, Boston; specific activity 45 Ci/mmol). The 
antibody-bound cortisol was separated from the un- 
bound with dextran-coated charcoal. The interassay co- 
efficient of variation for DHEAS and cortisol were 
16.4% and 12.1%, respectively. 

The ratio, androstenedione/estrone, was calculated 
as a Measure of aromatase activity. 
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Table I. Characteristics of volunteers 


population 

No. 17 21 
Age (yr) 12:5 £2.53 68.8 + 3.9 
Weight (kg) 62.9 + 9.3 64.1 + 7.1 
Height (m) 1.59 + 0.04 1.60 + 0.07 
Cigarettes (No./day) 0 19.9 + 8.3 
Tar (mg/day) 0 204 + 155 
Nicotine (mg/day) 0 14.9 + 11.1 


*Values are mean + SD. 


Statistical analyses. All hormonal measurements 
were transformed to logarithmic values to approximate 
normal distributions for statistical analysis. Group val- 
ues are reported as geometric mean concentrations. 
Standard statistical methods of analysis of variance (and 
covariance) were used in the analysis of the results. All 
p values quoted are two-sided. 


Results 


The characteristics of the postmenopausal women 
sampled are shown in Table I. The mean age was 72.3 
years for the nonsmokers and 68.8 years among smok- 
ers; this was not statistically significant. The groups were 
well matched for height and weight. Smokers averaged 
19.9 cigarettes per day with an average tar of 204 mg 
per day and an average nicotine of 14.9 mg per day. 

The geometric mean hormone levels of the non- 
smokers and smokers are given in Table II. When 
smokers are compared with nonsmokers, estrone was 
13% lower at baseline and 6% lower after smoking. 
These changes, however, were not statistically signifi- 
cant. Estrone glucuronide values were similar in smok- 
ers and nonsmokers, being only 5% and 4% greater 
before and after smoking. Estradiol changes were also 
not significant. ‘They were 5% greater and 1% less be- 
fore and after smoking. SHBG was 22% lower at 8 AM 
and 11% lower at 1] Am in smokers, but this also was 
not statistically significant. Bioavailable non-SHBG- 
bound estradiol was not significantly different in smok- 
ers and nonsmokers. 

Androstenedione was 28% higher at 8 AM in smokers 
(p = 0.13) and 52% higher at 11 am (after the smokers 
had smoked five cigarettes over a 3-hour period, 
p = 0.011). Nonsmokers showed a decrease in andro- 
stenedione over time (492 pg/ml at 8 Am vs 404 pg/ml! 
at 11 AM, p = 0.13); the decline was much less in smok- 
ers (628 vs 614 pg/ml). 

DHEAS was 42% higher at 8 am and 62% higher at 
11 AM in smokers than in nonsmokers, but these results 
did not achieve statistical significance. Cortisol was 3% 
lower at 8 AM in smokers than in nonsmokers but 19% 
higher at 11 Am (after smoking). This also was not sta- 
tistically significant. As expected, cortisol showed a 
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Table II. Serum hormone levels in postmenopausal nonsmokers and smokers* 


Baseline (AM) 









(Smokers — 
nonsmokers) / 
nonsmokerst 








Nonsmokers Smokers (%) 
No. 17 21 
Estrone (pg/ml) 38.7 33.7 —]3 
Estrone glucuro- 182 191 +9 
nide (pg/ml) 
Estradiol (pg/ml) 15.1 15.8 +5 
SHBG (nmol/L) 158 123 ~ 22 
Non-SHBG- 4.4& 5.96 +33 
bound estra- 
diol (pg/ml) 
Androstenedione 492 628 +28 
(pg/ml) 
DHEAS ‘pg/dl]) 59.3 84.5 +42 
Cortisol (g/dl) 16.1 15.7 -3 
Androstenedi- 12.7 18.7 +47 
one/estrone 


*Results shown are geometric means. 





After smoking (11 AM) 





(Smokers — 
nonsmokers) / 
nonsmokers} 
pt Nonsmokers | Smokers pt 
17 2i 
0.30 34.1 32.1 —6 0.71 
0.62 190 198 +4 0.64 
0.69 14.6 14.5 -] 0.95 
0.20 145 . 129 — 11 0.56 
0.12 4.87 5.39 +11 0.51 
0.13 404 614 +52 0.011 
0.20 54.8 88.7 +62 0.10 
0.75 11.7 13.9 +19 0.16 
0.026 11.9 19.1 +6] 0.009 


Comparison is difference between smokers and nonsmokers as percent of nonsmokers. 


{Two-sided statistical significance levels. 


marked decrease over a 3-hour period in nonsmokers 
(15.1 vs 11.7 pg/dl, p = 0.017); the decline was much 
less in smokers (15.7 vs 13.9 g/dl). Smokers showed 
a 47% higher androstenedior.e/estrone ratio at baseline 
(p = 0.026) and a 61% higher ratio after smoking 
(p = 0.009). | 

The results shown in Table II remained essentially 
unchanged after adjustment for age, age at menopause, 
weight, height, and alcohol consumption. 


Comment 


The data presented here suggest that in postmeno- 
pausal women who smoke ‘there is no alteration in se- 
rum estrogen levels if they are not receiving hormonal 
replacement. Our data suggest that the effect of smok- 
ing on serum hormone levels in healthy postmeno- 
pausal women is an increase :n adrenal androgens (an- 
drostenedione, DHEAS). This is evident at baseline (an- 
drostenedione, 28% increase; DHEAS, 42% increase) 
and to a greater extent later in the morning after smok- 
ing (androstenedione, 52% increase; DHEAS, 62% in- 
crease). There is evidence for an increased level of cor- 
tisol in smokers compared with nonsmokers. The nor- 
mal diurnal decline of cortisol is blunted in the smoking 
group. 

There have been at least four other comparative 
studies of serum hormone levels in postmenopausal 
smokers and nonsmokers.** '* Some details and results 
of these studies together with our results are given in 
Table III. 

All studies that have looked at serum androstene- 
dione have found elevated levels in smokers (mean in- 
crease at 20 cigarettes per day of 41%, p < 0.0001, 


Table III). This 41% mean value may be too high, 
because the biggest effect was seen in the study of Fried- 
man et al.” and their smoking study subjects were close 
to menopause and 5 years younger than their non- 
smoking subjects. This discrepancy will tend to exag- 
gerate any difference between smokers and nonsmok- 
ers as androstenedione declines at menopause and with 
increasing age. When the results of Friedman et al.’ 
are excluded, the mean increase in androstenedione in 
smokers is 37% (p = 0.0002). 

Friedman et al.” and Khaw et al.® also found, as we 
did, that DHEAS levels are elevated in smokers; how- 
ever, Key et al.'* did not. There is no obvious reason 
for the discrepancy between these studies. The subjects 
described by Key et al. tended to be samples later in 
the day than the subjects in the other studies, but we 
know of no reason why this should be of any impor- 
tance. Key et al.* did provide some evidence for ad- 
renal activation in smokers; however, urinary 11-hy- 
droxyketosteroids were increased. When the combined 
data are considered, the mean increase in DHEAS at 
20 cigarettes per day is 18% (p = 0.059, Table III). 
The results of Friedman et al.” may again be considered 
suspect for the reasons given above, and when their 
results are excluded, the mean increase in DHEAS in 
smokers is 14% (p = 0.15). 

Cortisol was elevated in our smokers but only at 11 
AM after smoking. The smokers reported by Friedman 
et al.” had elevated baseline levels. We have no expla- 
nation for this discrepancy. When all the available data 
are examined, changes in androstenedione, DHEAS, 
and cortisol all appear to be higher in smokers. 

When the results are taken together, there does not 
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Table II. Results of previous studies of serum hormone levels in postmenopausal nonsmokers 
and smokers 














Friedman 
et al.’ (1987) 


Key et al.” 


(1991) (1988) 


Time of sampling 8 AM PM +8 AM 
(fasting) (nonfasting) (fasting) 
` Nonsmokers 
No. 16 213¢ 187 
Age (yr) 54 57 69 
Weight (kg) 68 24.0§ 24.7§ 
Smokers 
No. 9 48 46 
Age (yr) 49 57 66 
Weight (kg) 69 24,4% 23.9$ 
Average No. of 25 15 12 
cigarettes/day 
Estrone -2% — +10% 
Estradiol +27% +5% +8% 
SHBG — —~ + 13% 
Androstenedione + 74% +25% 
DHEAS + 88% — 5% +43% 
Cortisol +47% — 


*At 20 cigarettes per day. 


Khaw et al.§ — 





Johnston® 















Combined 
two-sided 


Combined 
two-sided 
(1988) 






29 17 

53 79 

62 63 

12 21 

51 69 

58 64 

15 20 

-1% —13% —~3% 0.66 -4% 0.65 
— 12% +5% +11% 0.16 +5% 0.58 
— -22% —~9% 0.54 -9% 0.54 
+32% +28% +41% <0.0001 +37% 0.0002 
— +42% +18% 0.059 +14% 0.15 
— — 3% +16% 0.006 — — 


+At 20 cigarettes per day but with results of Friedman et al.’ excluded. 
For estradiol, the numbers of subjects were 40 and 36 for nonsmokers and smokers, respectively. 


§Kilograms per square meter. 


appear to be any effect of smoking on estrone and 
estradiol in postmenopausal women who are not re- 
ceiving oral estrogen. It has been suggested that cate- 
chol estrogen metabolism is enhanced in smokers’; 
however, if this was a significant finding, we would ex- 
pect that it would have resulted in a difference in es- 
trogen levels, an effect that has not been observed. That 
serum estrone glucuronide and SHBG levels were also 
not increased in smoking women suggests that the en- 
hancement in hepatic activity, which occurs with smok- 
ing, occurs only in oral estrogen users. 

Our results, however, show that the androstenedi- 
one/estrone ratio distinguishes smokers from non- 
smokers more effectively than androstenedione alone. 
This is consistent with experimental data of nicotine- 
inhibiting aromatase activity.” ™ Because aromatase ac- 
tivity is decreased by smoking, we would expect the 
estrogen status of smokers to be decreased. However, 
because adrenal activity is enhanced, particularly an- 
drostenedione, estrogen levels are similar in smokers 
and nonsmokers. 

Therefore current results suggest that smoking in- 
creases adrenal androgen levels (androstenedione, 
DHEAS) and, at least transiently, cortisol increases as 
well. How do these results explain the epidemiologic 
observations of the markedly reduced risk of endo- 
metrial cancer' and the markedly increased risk of 
osteoporosis’ in smokers? We hypothesize here that 
these observations are not based on changes in estrogen 
status but rather on alterations in other systems. 


There is no evidence that cortisol has an influence 
on endometrial tissue, but there is some evidence that 
androgens can inhibit estrogen-mediated effects in the 
rat uterus.” In one study” it was shown that dihydro- 
testosterone inhibited estrogen-mediated rat uterine 
growth, and this effect appeared to be due to a dihy- 
drotestosterone-induced reduction in estrogen-in- 
duced ribonucleic acid transcription rather than to any 
inhibition of estrogen receptor synthesis (as is true of 
progesterone). The only relevant epidemiologic data of 
androgen levels in endometrial cancer have been re- 
ported by Judd et al.” They found no reduction in 
androstenedione in endometrial cancer cases as would 
be expected if androstenedione antagonized the effect 
of estrone in endometrial tissue. Indeed, there is evi- 
dence that some patients with endometrial cancer have 
increased androgen levels, which may be related to 
hyperinsulinemia.” The obese insulin-resistant patient 
may in fact have an additional risk factor because in- 
sulin may stimulate endometrial aromatase activity.” 
Although androgens may still be inhibitory to estrogen 
action in the endometrium of normal-weight women 
who smoke, there are probably other mechanisms to 
explain the epidemiologic observations. 

Reasons that smokers are at greater risk of osteo- 
porosis may be due to the relative cortisol excess in 
smokers. Smoking itself may also have direct toxic (car- 
bon monoxide, nicotine) effects on bone cells, thereby 
leading directly to osteoporosis. It is well known that 
smoking is toxic to other tissues; e.g., smoking influ- 
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ences oocyte atresia and may impair sperm density, 
motility, and morphologic features.” Howeve:, in- 
creased androstenedione levels would tend to be ben- 
eficial to bone. 

In conclusion, we suggest that estrogen levels are not 
decreased in nonusers of oral estrogen and therefore 
may not be implicated in the associated epidemiologic 
findings of a decrease in endometrial cancer and an 
increase in osteoporosis. Our findings and thcse of 
others reviewed here strongly suggest that there is in- 
creased adrenal activity in smoking women. This, as 
well as direct toxic effects of smoking, may be associated 
with the epidemiologic observations. More studies 
should be directed at these cther mechanisms rather 
than at alterations in estrogen metabolism. 


Addendum 


In our patients we more recently measured 24-hour 
urinary estriol and estrone to assess whether estrogen 
metabolism may be altered (lowered 16-hydroxylase ac- 
tivity, thus favoring 2-hydroxylase), as suggestec pre- 
viously.'® The 42% decrease in the estriol/estrone ratio 
described”? suggested enhancement of the conversion 
to catechol estrogens; however, we found only a 6% 
decrease. The ratio was 1.028 :n nonsmokers and ).963 
in smokers (ġ = 0.37). 
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Human fetal bilirubin levels and fetal hemolytic disease 


Carl P. Weiner, MD 
Iowa City, Towa 


The development of secondary fetal anemia in association with maternal red blood cell alicimmunization 
requires hemolysis. In specimens obtained at the time of a clinically indicated cordocentesis, total and 
direct umbilical venous bilirubin was measured and the indirect umbilical venous bilirubin calculated in 43 
antigen-positive and 30 control fetuses. Twenty-two (51%) of the antigen-positive fetuses had or 
subsequently developed severe anemia (hematocrit <30°%). Umbilical venous total bilirubin (r = 0.47, 

p = 0.0008) and direct bilirubin (r = 0.520, p = 0.04) levels each rose with gestation. Indirect bilirubin did 
not vary significantly with gestation. Bilirutin was unrelated to hemoglobin. In contrast to the control 
fetuses, umbilical venous total bilirubin for antigen-positive fetuses was inversely related to hemoglobin 

(r = ~0.57, p < 0.0001) independent of gestational age (r = 0.53, p < 0.0001) (multiple A of hemoglobin 
and gestational age for umbilical venous total bilirubin = 0.76, p < 0.0001). Eighteen of 22 (82%) fetuses 
in whom anemia developed had an umbilica! venous total bilirubin =97.5 percentile compared with only 
eight of 21 (88%) fetuses in whom anemia did not develop (p = 0.009). In longitudinal study the umbilical 
venous total bilirubin frequently rose above normal weeks before the development of anemia. An umbilical 
venous total bilirubin >3 mg/dl represented the warning line. Fifteen of 16 (94%) fetuses in whom either 
severe antenatal anemia or significant postnatal hyperbilirubinemia developed had an umbilical venous 
total bilirubin >3 mg/dl. We conclude that the normal placental capacity for the transport of fetal bilirubin is 
exceeded in the face of enhanced fetal hemolysis. An elevated fetal bilirubin often precedes the 
development of antenatal anemia. The antigen-positive fetus with an elevated bilirubin is at high risk to 
develop anemia antenatally. (Am J Oastet GYNECOL 1992;166:1449-54.} 


Key words: Fetus, bilirubin, hemolytic anemia, alloimmunization, cordocentesis 


Although the fetal response to maternal red blood 
cell alloimmunization depends on several factors, in- 
cluding the quantity of antibody bound to the fetal red 
blood cell and the rate of red blood cell production,’ 
the development of fetal anemia ultimately requires 
hemolysis. In a preliminary study our unit observéd 
that the normal fetal concentration of bilirubin ex- 


ceeded that of the neonate.? This suggested that the 


placental capacity for fetal bilirubin clearance was lim- 
ited. The purposes of this investigation were to deter- 


mine (1) the concentration of fetal bilirubin across ges- 


tation, (2) whether antigen-positive fetuses of alloim- 
munized women have higher bilirubin concentrations 
than control fetuses, and (3) whether a high biliru- 
bin concentration preceded the development of fetal 
anemia. 
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Material and methods 


Cordocentesis was performed in 73 pregnancies with 
referral to the University of Iowa Fetal Diagnosis and 
Treatment Unit. Forty-three antigen-positive fetuses at 
risk for hemolytic anemia were sampled (95 specimens) 
to determine the severity of their disease as described 
previously.' The remaining 30 fetuses were sampled 
once for a variety of indications (most commonly ma- 
ternal red cell or platelet alloimmunization) and shown 
to be free of disease. ' 

Laboratory measurements performed in the central 
hospital laboratory included total bilirubin, direct bil- 
irubin, and a complete blood cell count. The indirect 
bilirubin was calculated. Total and direct bilirubin 
(mg/dl) were measured in serum by a commercially 
available colorimetric assay (Boehringer-Mannheim) 
on an autoanalyzer (Hitachi 737). Hemolyzed samples 
were excluded. The complete blood cell count was per- 
formed with an autoanalyzer (Technicon H-1) on blood 
anticoagulated with ethylenediaminetetraacetic acid. 
Because of the limited sample volume, not all tests could 
be performed on each occasion. 

The technique for cordocentesis has previously been 
detailed.’ Briefly, a 22-gauge spinal needle was held in 
the ultrasonographic plane of a 5 MHz sector trans- 
ducer with a fixed-needle guide (CIVCO, Kalona, Ia.). 


1449 


1450 Weiner 


"May 1992 
Am J Obstet Gynecol 


n=30 r=0.473 p=0.0008 
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TB = 2.53-21.8/Weeks 
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Fig. 1. Prediction interval (95%) for umbilical venous serum total bilirubin (TB) in healthy, antigen- 
negative fetuses (n = 30). There was no relationship between bilirubin and hemoglobin in this group. 


The umbilical vein was preferred over the umbilical 
artery to minimize the risk of a procedure-related 
bradycardia.’ Pancuronium (0.3 mg/kg estimated fetal 
weight) was administered intravenously whenever fetal 
movement was felt to pose a risk. — 

All records were maintained prospectively in a com- 
puterized data base whose veracity was confirmed on 
a regular basis. The results are presented as the 
mean + SD unless otherwise stated. One hundred 
eleven of 125 (90.2%) specimens were from the um- 
bilical vein. Only the first measurement from each an- 
tigen-positive fetus was included in the search for a 
relationship between bilirubin and both hemoglobin 
and gestational age. Because the small number of ar- 
terial specimens precluded an accurate comparison of 
arterial and venous samples controlling for gestational 
age, the statistical analyses presented here were limited 
to specimens from the umbilical vein. The 95% pre- 
diction interval of bilirubin for control fetuses was 
based on the regression obtair.ed using bilirubin as the 
dependent variable and gestational age as the inde- 
pendent variable. Subsequent bilirubin measurements 
from antigen-positive, not transfused, fetuses were 
graphed to reveal the natural history. An analysis of 
covariance was used to compare the bilirubin slopes of 
antigen-positive and control fetuses. Receptor-oper- 
ated curves were applied to determine the umbilical 
venous total bilirubin concentration most predictive of 
a fetal or neonatal hemolytic complication. Other anal- 
yses included independent ¢ test, stepwise multiple 
regression, and cross tabulation. A p value =0.05 was 
considered to indicate a significant difference. 


Results 


The mean gestational age of fetuses at risk for hemo- 
lytic anemia was 24.9 + 3 weeks and ranged from 20 
to 36 weeks. Twenty-two (51%) developed a hematocrit 
<30% and were considered candidates for transfusion 
therapy.’ The mean gestational age of the control 
group was 27 + 5 weeks and ranged from 20 to 38 
weeks, 

Umbilical venous total bilirubin (r = 0.47, p< 
0.0008, n = 30) (Fig. 1) and direct bilirubin (r = 0.52, 
p = 0.04, n = 15) for the control group rose progres- 
sively with advancing gestation and were unrelated to 
the fetal hemoglobin. Indirect bilirubin did not change 
significantly with gestation (mean 1.4 + 0.3 mg/dl, 
n = 15). 

In contrast to the control fetuses, umbilical venous 
total bilirubin from antigen-positive fetuses was in- 
versely related to hemoglobin (r = —0.57, p < 0.0001) 
(Fig. 2) independent of gestational age (r = 0.53, 
p < 0.0001) Gnultiple R of hemoglobin and gestational 
age for umbilical venous total bilirubin = 0.76, 
p < 0.0001). There was no relationship between he- 
moglobin and gestational age in the antigen-positive 
fetuses (r = 0.05, p = 0.75). Although there was a sig- 
nificant relationship between umbilical venous total bil- 
irubin and gestational age in both groups, they were 
different (Fig. 3). Umbilical venous total bilirubin in 
antigen-positive fetuses rose at a rate significantly 
greater (p < 0.01) than that expected for the normal 
gestational increment. A similar association was also 
observed for both the direct and indirect bilirubin con- 
centrations and hemoglobin and gestational age (Table 
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Fig. 2. Relationship between total umbilical venous bilirubin (uvTB} and hemoglobin (Hb) in antigen- 
positive fetuses. The higher the bilirubin concentration, the lower the fetal hemoglobin. Note that 


total bilirubin of 3 mg/dl approximates hemoglobin of 8 gm/dl (two missing values). 
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Fig. 3. Regression lines for umbilical venous total bilirubin (T.B.) and gestational age in control and 
antigen-positive groups. Antigen-positive fetuses have steeper slope. This demonstrates that severity 


of fetal hemolytic disease was progressive. 


I). Because the relationships between indirect and di- 
rect bilirubin for hemoglobin in antigen-positive fetuses 
were similar to that for umbilical venous total bilirubin, 
we have focused on the latter because of the larger 
sample size. 

The umbilical venous total bilirubin exceeded the 
97.5 percentile in 18 of 22 (82%) of antigen-positive 
fetuses who developed a hematocrit <30%. In eight of 
10 fetuses with two or more samples, the elevation pre- 
ceded the development of anemia by several weeks 
(Fig. 4). In contrast, only eight of 21 (38%) of fetuses 
who did not develop severe anemia had an umbilical 


venous total bilirubin above the 97.5 percentile at any 
time before delivery (p = 0.009 from fetuses who re- 
quired transfusion) (Fig. 5). Overall, the positive pre- 
dictive value of a high umbilical venous total bilirubin 
for the development of severe fetal hemolytic anemia 
was 69% (18 of 26), and the negative predictive value 
of a low umbilical venous total bilirubin for the devel- 
opment of severe anemia was 76% (13 of 17). 

We sought to determine whether the clinical appli- 
cation of the umbilical venous total bilirubin measure- 
ment could be further simplified by the identification 
of a warning line. An umbilical venous total bilirubin 
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Fig. 4. Serial umbilical venous total bilirubin (7.8.) concentrations in fetuses who developed severe 
hemolytic anemia. Last sample (asterisk) indicates that hematocrit had declined belaw 30%. Single 
samples indicate that initial hematocrit was <30% first time bilirubin was measured. Shaded area 
reflects 95% prediction interval for normal range. Note that elevated umbilical venous total bilirubin 
often preceded development of anemia severe enough to require transfusion. 


Table I. Relationship between bilirubin, 
hemoglobin, and gestation in first sample from 
antigen-positive fetuses 


Bilin 


Total 43 0.76 <0.0001 
Hemoglobin -0.57 <0.0001 
Weeks’ gestation 0.53 <0.0001 
Direct 39 0.68 <0.0001 
Hemoglobin —0.53 0.0001 
Weeks’ gestation 0.46 0.0007 
Indirect 39 0.74 <0.0001 
Hemoglobin —0.56 <0.0001 
Weeks’ gestation 0.52 <0.0001 


>3 mg/dl exceeded the 97.5 percentile for all gesta- 
tional ages. Six fetuses alreadv had severe anemia when 
first sampled: five of the six (83%) had an umbilical 
venous total bilirubin =3 mg/dl. The umbilical venous 
total bilirubin ultimately rose above 3 mg/dl in an- 
other nine fetuses whose initial hematocrit was >30% 
and whose initial umbilica. venous total bilirubin 
<3 mg/dl. Seven of these nine (78%) developed severe 
hemolytic anemia antenatally. The two fetuses who did 
not develop anemia antenatally experienced severe hy- 
perbilirubinemia postnatally (one required two double- 
volume exchange transfusions and the other required 
10 days of phototherapy). Fetuses whose umbilical ve- 
nous total bilirubin before transfusion was <3 mg/dl 
had lower reticulocyte counts than fetuses whose um- 


bilical venous total bilirubin was =3 mg/dl (10.5% + 
4.2% vs 24.7% = 12.6%, p = 0.0003). 

We previously described four hematologic patterns 
predicting the severity of fetal hemolytic disease on the 
basis of fetal hematocrit, direct Coombs test, and retic- 
ulocyte count.' These patterns were prospectively as- 
signed to each of the 14 fetuses who had or developed 
an umbilical venous total bilirubin >3 mg/dl. Two fe- 
tuses were assigned pattern 1 (not at risk to develop 
severe anemia antenatally), three were pattern 2 (in- 
termediate risk for anemia), and nine were pattern 3 
(high risk). Each of three with pattern 2 and eight of 
the nine (89%) with pattern 3 developed severe hemo- 
lytic anemia. Of the remaining three fetuses, two ex- 
perienced significant hyperbilirubinemia postnatally 
(as noted in the above paragraph). One of those two 
fetuses had been assigned pattern 1 and the other pat- 
tern 3. 


Comment 


We have examined the eftect of gestational age and 
fetal hemolytic disease on the concentration of umbil- 
ical venous bilirubin. Normal fetal umbilical venous to- 
tal and direct bilirubin (not shown) rose similarly with 
advancing gestational age. On the basis of the scatter- 
gram, it is likely that with a larger sample size we would 
have also observed a rise in the indirect bilirubin con- 
centration. Although the number of measurements 
performed on specimens from the umbilical artery was 
inadequate to assess placental clearance of bilirubin di- 
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Fig. 5. Serial umbilical venous total bilirubin (7.B.) measurements of fetuses whose hematocrit 
remained above 30%. Shaded area indicates 95% prediction interval for normal umbilical venous 
total bilirubin. The two fetuses marked by asterisk developed significant postnatal hyperbilirubinemia. 
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rectly, the observation that normal neonatal bilirubin 
is much lower’ than that of the near-term fetus suggests 
that placental capacity to transport the normal pro- 
duction of fetal bilirubin to the mother is relatively low. 

Moise et al.’ reported a single allommunized fetus 
whose serum was icteric and speculated that it reflected 
hemolysis.* In antigen-positive fetuses, there was an 
inverse relationship between hemoglobin and bilirubin 
independent of gestational age. The high concentration 
of bilirubin in the sera of antigen-positive fetuses was 
not likely secondary to decreased placental clearance 
because there was a significant inverse correlation be- 
tween fetal hemoglobin and bilirubin in the antigen- 
positive group that was absent in the control group. 
‘This suggests that the greater the quantity of red blood 
cell hemolysis, the lower the hemoglobin. 

The use of fetal blood instead of amniotic fluid for 
the evaluation of maternal red cell alloimmunization is 
a new concept not yet widely accepted. This unit has 
previously demonstrated that the antigen-positive fetus 
at risk for the development of severe hemolytic anemia 
can be prospectively identified on the basis measure- 
ments of fetal hematocrit, reticulocyte count, and 
strength of the direct Coombs test.’ On the basis of 
these three tests, the antigen-positive fetus can be as- 
signed to one of four hematologic risk patterns. The 
higher the pattern number, the greater the risk of the 
fetus developing a hematocrit <30%. The current in- 
vestigation suggests that the addition of umbilical ve- 
nous total bilirubin measurement to that battery of tests 
may be of value, especially in instances where the as- 
signed pattern suggests the fetus is at no or low risk 


for the development of severe hemolytic anemia before 
birth. In our experience, only one of five fetuses with 
pattern 2 will become severely anemic antenatally. In 
the current series each of the three fetuses with both 
pattern 2 and an umbilical venous total bilirubin level 
>3 mg/dl developed severe hemolytic anemia. And 
although no fetus with both pattern 1 and an umbilical 
venous total bilirubin level >3 mg/dl developed severe 
anemia, one of the two did require 10 days of photo- 
therapy postnatally. 

Not all fetuses who became anemic had a high bili- 
rubin level: This may reflect, in part, variability of pla- 
cental bilirubin transport. However, there is an addi- 
tional explanation. We have previously demonstrated 
that a sizable group of antigen-positive fetuses who be- 
come anemic do so gradually in association with a low 
reticulocyte count and a weakly positive direct Coombs 
test.! In the current investigation, fetuses whose um- 
bilical venous total bilirubin level was <3 mg/dl before 
transfusion had significantly lower reticulocyte counts 
than fetuses whose level was =3 mg/dl. This suggests 
that the degree of hemolysis in some anemic fetuses is 
relatively low but that they fail to respond to red blood 
cell destruction with an adequate erythropoietic re- 
sponse. This observation would also explain why the 
amniotic fluid A optical density 450 of anemic fetuses 
is not always elevated. 

In conclusion, the ability of the human placenta to 
clear fetal bilirubin is limited. Because of this limitation, 
fetal hemolytic disease is associated with fetal hyper- 
bilirubinemia. The higher the bilirubin concentration, 
the lower the hemoglobin concentration. An elevated 
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fetal serum bilirubin indicates that the fetus is at high 
risk to develop severe hemolytic anemia antenatally. It 
may also provide additional information regarding the 
risk of postnatal hyperbiliru>inemia. 
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Origin of cervical collagenase during parturition 


R. Osmers, MD, W. Rath, MD,* B.C. Adelmann-Grill, MD, PhD,” C. Fittkow, MD, 
M. Kuloczik, MD, M. Szeverényi, MD,* H. Tschesche, PhD, and W. Kuhn, MD* 


Göttingen, Martinsried, Munich, and Bielefeld, Germany, and Debrecen, Hungary 


Cervical biopsy specimens were obtained under standard conditions from the posterior lip of the uterine 
cervix in 105 patients. A significant increase of collagenase activity was observed during parturition as 
determined with an assay with iodine 125—labeled native triple-helical collagen type | as the substrate. The 
collagenase was not likely to originate from cervical fibroblasts because in situ hybridization failed to detect 
synthesis of the specific procollagenase messenger ribonucleic acid. However, migration of 
polymorphonuclear leukocytes into the cervical stroma occurred on onset of labor, and an antibody specific 
for human leukocyte collagenase that did not cross react with fibroblast collagenase revealed the presence 
of the enzyme in the granules of polymorphonuclear leukocytes and subsequently in the extracellular 
matrix of the cervix. Therefore it is likely that the cells critically involved in collagen degradation during 
cervical dilatation are not resident fibroblasts but rather polymorphonuclear leukocytes emigrating from 


blood vessels. (Am J OsBsteT GYNECOL 1992;166:1455-60.) 


Key words: Pregnancy, cervix, cervical dilatation, parturition, collagenase 


A significant drop of hydroxyproline concentration 
in the cervix at the end of pregnancy has been fre- 
quently described'* and attributed to increased colla- 
genolysis, especially during childbirth.*” However, no 
serial determinations of collagenase activity have been 
carried out in the cervix during childbirth. Kitamura 
et al. found evidence for increased collagenolysis at 
the time of delivery compared with cervix samples from 
nonpregnant women. Ito et al.’ determined the activity 
of a PZ-peptidase (4-phenylazobenzyloxycarbonyl-Pro- 
Leu-Gly-Pro-p-Arg) that may play a role in collagen 
degradation and found a marked increase in its con- 
centration during pregnancy. All of these investigations 
must be viewed cirtically because small peptides were 
used as substrates to measure collagenolytic activity. 
Rath et al.” quantified the true collagenase activity by 
using native, triple-helical collagen as a substrate. The 
highest activity was measured immediately after par- 
turition. No differences in collagenase and other pro- 
tease activities were detected between samples from 
pregnant women during the first trimester and from 
nonpregnant patients. In the current study sequential 
examination of true collagenase activity at various times 
during the course of pregnancy and, in particular, dur- 
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ing delivery was carried out. The source of cervical 
collagenase, which had not been previously deter- 
mined, was also examined. Fibroblasts in many types 
of tissue are, of course, capable of synthesizing colla- 
genase, but there are indications that other cell types, 
e.g., polymorphonuclear leukocytes, may be critically 
involved in the process of cervical dilatation during 
parturition.” 

The aim of the current study was to establish the 
time course of the appearance of active collagenase in 
the cervix during parturition and to determine its cel- 
lular origin. 


Material and methods 


The design of the study was submitted to the appro- 
priate ethics committees and accepted. Patients were 
informed in detail about the aims and the procedures 
of the study and gave their written consent. Cervical 
biopsies were performed under standardized condi- 
tions at various times during pregnancy and in non- 
pregnant patients by excising tissue with a scalpel from 
the posterior lip of the cervix at the 6 o’clock position 
to a depth of 5 to 10 mm. Samples of 50 to 200 mg 
wet weight were obtained. For the determination of 
collagenase activity and for in situ hybridization the 
tissue was deepithelialized, washed in ice-cold sterile 
saline solution, and deep frozen within 2 to 3 minutes 
in liquid nitrogen. The specimens were stored at 
—70° C in polypropylene tubes (Nunc) wrapped in alu- 
minum foil until further examination. A total of 49 
samples was available for collagenase extraction or in 
situ hybridization (Table I). An additional 115 speci- 
mens were procured under the same conditions for 
immunohistologic studies. They came from nonpreg- 
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Fig. 1. Northern blot of mRNA extracted from cervical tissue and hybridized to phosphorus 35— 
nick translated complementary deoxyribonucleic acid (DNA) of B-actin or human fibroblast colla- 
genase. Positive signal was obtained with probe for B-actin but not with that for collagenase, regardless 
of kind of cervix tissue. 


Table I. Collagenase activity in extracts of cervical tissue 


Collagenase activity 










Significance (Wilcoxon— 
Mann-Whitney test) 






Origin of specimen 





Nonpregnant, premeno- 9 25.4 + 1.4 12.4-31.7 
pause 
First trimester 10 26.3 + 2.4 19.1-44.4 
Third trimester (no labor) 4 28.6 + 3.8 14.7-31.6 
p < 0.05 
Latent phase of labor 9 27.0 + 9.3 13.2-63.4 
(cervical dilatation 2-3 cm) 
p < 0.01 

Active phase of labor 8 40.0 + 4.6 30.4-62.3 j 

(cervical dilatation 6-8 cm) 

Immediately post partum 13 29.1 + 4.7 15.2-67.6 

Data represent nanograms of collagen degraded by the extract of 100 mg (wet weight) tissue. 

nant, premenopausal patients (n = 20) and from preg- and then assayed with native, triple iodine 125—labeled 
nant patients during the first trimester (n = 20), during collagen as substrate.” In situ hybridization was carried 
the third trimester (before elective cesarean section, no out exactly as described by Scharffetter et al.” 
labor, unripe cervix; n = 15), in the latent phase of The original clone (designated Coll K4) for human 
labor (cervical dilatation 2 to 3 cm, normal delivery; fibroblast collagenase was kindly donated by P. Herrl- 
n = 15), in the active phase of labor (cervical dilatation ich, Karlsruhe, Germany. It was subcloned in a GEM3 
6 to 8 cm, normal delivery; n = 15), and immediately vector (GEM3 plasmid, 2867 kb, Promega, Madison, 
after delivery (n = 30). These tissues were not deepi- Wis.). The plasmid GEM3 Coll K4 was cleaved by 
thelialized but were washed in ice-cold saline solution. Ava I and HindIII (Boehringer Mannheim, Mannheim, 
They were then fixed in acid formalin and embedded Germany) and the linearized plasmids were purified by 
in paraffin. sodium acetate precipitation and phenol-chloroform 


Active collagenase was extracted with neutral buffer extractions. Antisense and sense ribonucleic acid (RNA) 
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probes were obtained with sulfur 35—uridine 5'-tri- 
phosphate and by incubating the GEM3 Coll K4 Ava I 
vector with SP6 RNA polymerase and the GEM3 Coll 
K4 HindIII vector with T7 RNA polymerase, respec- 
tively. Total RNA was extracted from some cervix tis- 
sues by the isothiocyanate method of Davis et al.'* and 
hybridized in Northern blots to nick translated deoxy- 
ribonucleic acid for B-actin or human fibroblast colla- 
genase (matrix metalloproteinase 1). Normal dermal 
fibroblasts were grown in Dulbecco’s minimal essential 
medium containing 10% fetal calf serum and exposed 
to 25 ng/ml tumor necrosis factor-a for 18 hours. Mes- 
senger RNA (mRNA) extracted from these cells was 
hybridized in Northern blots to *’S-labeled antisense 
and sense RNA for -actin or human fibroblast pro- 
collagenase. For immunofluorescence studies the tissue 
in paraffin was sectioned and paraffin was removed by 
passage through descending alcohol concentrations. 
The sections were rinsed in water or phosphate-buff- 
ered saline solution, followed by incubation with the 
immunoglobulin G fraction of an antiserum to human 
leukocyte collagenase. This antibody had previously 
been characterized and shown to react with human leu- 
kocyte collagenase but not with human fibroblast col- 
lagenase.'’* '° The sections were incubated with this an- 
tibody at room temperature for 2 hours, rinsed exten- 
sively with phosphate-buffered saline solution, and 
stained with a fluorescein isothiocyanate—conjugated 
monoclonal antibody to rabbit immunoglobulin G in 
the dark for 2 hours at room temperature. After careful 
washing, the sections were embedded in glycerol—phos- 
phate-buffered saline solution and immediately eval- 
uated. We used the Wilcoxon—Mann-Whitney test for 
comparison of results, and the level of significance was 
set at p = 0.05. 


Results 


Cervical softening during parturition is likely to in- 
volve breakdown of collagens, which, in turn, requires 
the presence of specific collagenases. We therefore at- 
tempted to directly demonstrate such enzyme activity 
in cervical tissues during delivery and from controls. 
Biopsy specimens from a total of nine nonpregnant and 
40 pregnant patients could be evaluated. Samples were 
available from pregnant patients in the first and third 
trimesters, during two stages of cervical dilatation, and 
immediately post partum. Active collagenase could be 
extracted from all specimens (Table I). There was great 
variation between individual samples and no statistically 
significant difference of the medians of collagenase ac- 
tivities between biopsy specimens from nonpregnant 
patients, patients in the first or third trimester (without 
labor), and in the latent phase of labor with early stages 
of cervical dilatation. However, collagenase activity rose 
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substantially and significantly (p < 0.01) in the final 
stage of dilatation (6 to 8 cm) compared with the first 
trimester and dropped immediately post partum. 

Although the presence of active collagenase was thus 
established, the source of the enzyme has yet to be 
determined. It may originate in the cervical tissue, ei- 
ther from resident fibroblasts or from migratory poly- 
morphonuclear leukocytes. Fibroblasts would be ex- 
pected to synthesize the enzyme in situ, whereas poly- 
morphonuclear leukocytes are known to have granules 
that contain collagenase along with other proteases. 
The activity of fibroblasts can be evaluated by exam- 
ining the production of specific mRNA for fibroblast 
collagenase, whereas the collagenase from polymor- 
phonuclear leukocytes is best demonstrated by a spe- 
cific antibody. 

Our results with in situ hybridization did not dem- 
onstrate the presence of a messenger for fibroblast col- 
lagenase. This could not be attributed to method in- 
adequacies for the following reasons: RNA extracted 
from the tissue reacted in Northern blots with a com- 
plementary deoxyribonucleic acid for B-actin (Fig. 1). 
This shows that RNA in the specimens was largely intact 
and had not been destroyed by the extraction proce- 
dure. Also, RNA extracted from tumor necrosis factor- 
a—stimulated fibroblasts reacted in Northern blots with 
the specific *°S-labeled antisense RNA probe (not 
shown). There appears to be a genuine lack of colla- 
genase messenger activity in cervical fibroblasts during 
cervical dilatation, and therefore the collagenase ex- 
tractable from the tissue is not likely to originate from 
these cells. 

Polymorphonuclear leukocytes are known to contain 
collagenase, among other vesicular enzymes, and are 
thus probably the source of the cervical collagenase. 
Collagenase was indeed easily detected as granular flu- 
orescence within polymorphonuclear leukocytes in 
specimens from nonpregnant patients and from preg- 
nant women during the first and third trimesters. At 
the end of pregnancy and at the onset of labor there 
was accumulation of polymorphonuclear leukocytes in 
the capillaries and small veins (Fig. 2). Massive leuko- 
cyte infiltration of cervical connective tissue occurred 
at the onset of labor and at the beginning of cervical 
dilatation (Fig. 3). At later stages there was degranu- 
lation of the polymorphonuclear leukocytes; the gran- 
ules contained and later shed collagenase (Fig. 3). Fi- 
nally, there was a weak fluorescent staining of the col- 
lagen fibers (Fig. 4). 


Comment 

The uterine cervix derives its tensile strength and 
firmness from collagen, which is the predominant pro- 
tein of the extracellular matrix of this tissue. Therefore 
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Fig. 2. Demonstration of leukocyte collagenase in cervical tissue by immunofluorescence, in third 
trimester without labor. Massive accumulation of polymorphonuclear leukocytes in small vein at end 
of pregnancy. (Original magnification X 630.) 





Fig. 3. Demonstration of leukocyte collagenase in cervical tissue by immunofluorescence. in latent 
P 5 j 
phase of labor, with cervical dilatation 2 to 3 cm. Infiltration of cervical stroma by polymorphonuclear 


leukocytes with collagenase-containing granules. (Original magnification X 630.) 


alterations in these biophysical parameters during labor 
and cervical dilatation are likely to involve changes of 
the organization of the collagen fibrils. Early experi- 
ments by von Maillot and Zimmermann* and by Kleissl 


et al.'° have demonstrated changes in solubility of col- 


lagen during cervical dilatation and a decrease of hy- 
droxyproline concentration of the cervix during par- 
turition. These data have been confirmed and extended 


17, 18 


by several investigators* and correlate well with 


histologic observations that show rarification of colla- 
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Fig. 4. Demonstration of leukocyte collagenase in cervical tissue by immunofluorescence, in active 
phase of labor, with cervical dilatation 6 to 8 cm. Some polymorphonuclear leukocytes are still visible 
within veins and capillaries, but in these late stages of labor there is additional faint staining of 
collagen fibrils (white arrows). (Original magnification X 400.) 


gen fibrils during labor by both light and electron mi- 
croscopy.'"*” 
Solubilization and degradation of collagen require 
attack by collagenase as the initial step. Cervical colla- 
genase has been isolated” and increased collagenolytic 
activity has been demonstrated immediately post par- 
tum in humans’? but not in some other species such as 
the guinea pig.’ The current investigation provides 
data for the presence of active collagenase during preg- 
nancy and labor. Other proteases are known to be pres- 
ent in the extracts of cervical tissue. These enzymes are 
not likely to interfere with the collagenase assay because 
the collagen was resistant to at least a tenfold excess of 
trypsin over substrate (unpublished data). The assay 
probably underestimated the amount of collagenase 
protein present in the cervical tissue because some of 
the enzyme may not be activated, may be inhibited, or 
may not have been extractable. The experiments were 
designed to determine the time of appearance of active 
collagenase in the tissue and thus the time of collagen 
breakdown. The data establish that maximal activity 
occurs transiently immediately before parturition. 

It has to be emphasized that no conclusion can be 
drawn from our findings that the increase of collagen- 
ase activity occurs exclusively during the active phase 
of labor. Indeed, there is no significant increase during 
the active phase as compared with the latent phase of 
labor. The quite wide ranges in the latent phase are 
grounds for the assumption that the increase of col- 


lagenase activity in cervical tissue occurs much earlier, 
presumably with the onset of labor. 

The source of cervical collagenase was then deter- 
mined. Because fibroblasts and smooth muscle cells are 
known to be capable of producing collagenase, it was 
assumed that these cervical cells were the source of the 
enzyme during labor.”''* The availability of two crucial 
reagents permitted us to study this issue in some detail. 
Because cells of the fibroblast type do not store colla- 
genase but rather synthesize the enzyme on activation, 
it was possible to use a specific probe to study the 
expression of the corresponding mRNA during labor. 
However, this messenger mRNA could not be found in 
the cervical sections examined. Because this cannot be 
attributed to method inadequacies, it must be con- 
cluded that fibroblast cells are not likely to contribute 
a major portion of the collagenase observed. The con- 
spicuous presence of polymorphonuclear leukocytes in 
the extravasal matrix of cervical connective tissue dur- 
ing parturition had already led Junqueira et al." to 
surmise a connection between these cells and the pro- 
cess of cervical softening. Our investigation of the in- 
volvement of polymorphonuclear leukocytes was facil- 
itated by the availability of a well-characterized anti- 
body that had been shown” to react with leukocyte 
collagenase but not with fibroblast collagenase. The im- 
munofluorescence data clearly demonstrated, concom- 
itant with progressive cervical dilatation, that an ac- 
cumulation of collagenase-containing leukocytes in 
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small vessels occurs, followed by an extravasation of 
these cells, degranulation and release of collagenase 
protein, and finally degranulation of collagen fibrils of 
the extracellular connective tissue matrix. Although 
this experimental approach can only demonstrate the 
presence of the enzyme protein and does not yield in- 
formation on its enzymatic activity, it appears likely that 
this is indeed the enzyme that causes collagen break- 
down during normal cervical dilatation. Further studies 
are required to elucidate the trigger mechanisms that 
cause accumulation, extravasation, and degranulation 
of polymorphonuclear leukocytes under these circum- 
stances. 


We thank Mrs. Cornelia Platte for technical assis- 
tance. 
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Acute genital injury in the prepubertal girl 


Susan F. Pokorny, MD, William J. Pokorny, MD,’ and Wayne Kramer, MD* 


Houston, Texas 


In an effort to develop guidelines for the management of acute genital injuries in prepubertal girls, we 
categorized 32 cases by the object that allegedly caused the injury: straddle injuries, nonpenetrating 
injuries, penetrating injuries, and torque injuries. Using these categories and the anatomic features of 
symmetry and/or hymenal transection, we determined that the most dangerous injuries were the 
penetrating injuries that were symmetric and transected the hymen; in this series these were all the result 
of sexual assault. Future studies are needed to determine if these unique injuries can be managed with 
less physical and psychosocial trauma to the young patient. (Am J Osstet GYNECOL 1992;166:1461-6.) 


Key words: Genital injury, prepubertal girls, sexual abuse 


Genital trauma in the prepubertal girl is often rela- 
tively minor, but it is frequently anxiety provoking to 
all involved individuals. With increased public and phy- 
sician awareness of childhood sexual abuse, surgical 
specialists are more frequently being called on to assist 
in the management of these injuries.’ Unfortunately 
there are no published guidelines on how to evaluate 
and/or manage genital injuries in girls. Most authors 
describing perineal injuries in children have confined 
their remarks to serious external genital injuries of the 
male child and/or impalement injuries.** 

A retrospective review of 32 prepubertal girls with 
acute genital trauma was undertaken. The purposes of 
this case study are to bring to the surgical consultants’ 
attention the psychosocial issues that are involved with 
these injuries and to establish guidelines for their care. 
Parents or primary care providers are frequently con- 
cerned as to whether sexual abuse has occurred. Cer- 
tainly the process of evaluation and management of the 
wound can contribute to further physical and emo- 
tional trauma for the abused patient. Guidelines are 
developed that incorporate aspects of the history and 
characteristics of the wound and address the following 
issues: Were the viscera above the external genitalia 
likely to be injured? Could the wound be managed 
conservatively, or should the child be taken to the op- 
erating room for an examination while she is under 
anesthesia? Did the history given correlate with the type 
of wound observed? 
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Methods and material 


Thirty-two children with primary external injuries 
confined to the perineum were studied. The injuries 
caused acute bleeding and/or a painful outcry to the 
extent that the child was brought for emergency care. 
Patients whose bleeding was attributed to a genital 
pathophysiologic process other than trauma were ex- 
cluded. Children whose primary presenting injury in- 
volved another area of the body yet who had a sec- 
ondary genital wound were also excluded. Two chil- 
dren (cases 27 and 28) denied injury in spite of perineal 
bleeding and the presence of perivaginal lacerations 
and/or abrasions. They were placed in the penetrating 
category because their denial of trauma in light of gross 
wounds signaled the possibility of sexual abuse. Be- 
cause estrogen thickens and increases the distensibility 
of vulvar tissues, only children =10 years old were in- 
cluded and none had entered puberty; the mean age 
was 6.33 years. 

Demographic, historic, evaluation, management, an- 
atomic, and follow-up data were gathered from the 
medical records (Table 1). All of these children were 
examined by one author (S.F.P.), and 21 had photo- 
graphs available for review. 

Injuries were categorized by definition of the object 
that allegedly caused the injury. Straddle injuries were 
defined as falls onto smooth, horizontal, elongated nar- 
row objects such as bicycle bars. Nonpenetrating inju- 
ries were caused by falls onto short, wide, and fre- 
quently irregular objects that were unlikely to penetrate 
above the pelvic floor. Penetrating injuries were asso- 
ciated with objects long and narrow enough to pene- 
trate the pelvic floor; no stab or gunshot wounds were 
included. Torque injuries were complex injuries of the 
perineum caused by crush and torsion of the pelvic 
floor. 


In an attempt to ascertain whether certain types of 


injuries should make the clinician suspicious of sexual 
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Table I. Acute genital injury in 32 prepubertal girls 














Symmetric 
or 
asymmetric 








Case 
No. 


Hymen 
transected 








History Follow-up 






Straddle injuries 





l 3 H Fall Cabinet door No A No 2 Yes No 
2 4 H Fall Bathtub rim No A No 2 No No 
3 4 B Fall Fence No A No 2 No Yes 
4 5 W Jumped onto Board No S No 2 Yes Yes 
5 6 B Accident Bicycle bar No S No 2 Yes No 
6 6 B Accident Bicycle bar No S No 2 No No 
7 7 B Accident Bicycle bar Yes A No 2 No No 
8 7 W Accident Bicycle bar No A No 2 No No 
9 9 W Accident Bicycle bar No S No a No No 
Nonpenetrating injuries 
10* l Fall Bicycle part Yes S No 2 Yes Yes 
1] 3 H Fall Bicycle part Yes A No a Yes Yes 
12 3 H Fall Tree stump No S Yes l No Yes 
13 3 W Fall Toy No A No 2 No Yes 
14 5 B Fall Shoe Yes A No S No No 
15 5 B Insertion Doctor’s finger No S Yes l No No 
16* 6 H Fall Bicycle part Yes A Yes l No Yes 
17 6 H Kicked Shoe Yes A No 2 Yes Yes 
18 7 W Jumped onto Toy No S Yes l No Yes 
19 7 W Fall Stool Yes A No 2 No No 
20* 7 W Fall Toy No A No 2 Yes No 
21 8 B Fall Tree stump No A No 2 No Yes 
22 8 W Fall Stool No A No 2 No Yes 
Penetrating injuries 
23 6 B Rape Penis Yes S Yes l Yes Yes 
24 6 B Rape Penis Yes S Yes l No Yes 
25 8 W Jumped onto Metal rod No S No l Yes Yes 
26 8 B Rape Penis Yes S Yes l Yes Yes 
27 8 B Denied injury ? Yes S Yes l No No 
28 10 B Gonorrhea ? Yes S Yes l No No 
20" 10 H Rape Penis Yes S Yes l No Yes 
30 10 W Rape Penis Yes S Yes l Yes Yes 
Torque injuries 
3] 2 H Accident ? No A No 2 Yes No 
32 3 H Crushed Car Yes A No 2 Yes Yes 


ee ee cee NRE, ee eee E oe ree N S61 ed 

CPS, Children’s Protective Services or other agency investigated case for sexual abuse; OR, case managed with patient under 
anesthesia; W, white; H, Hispanic; B, black; $, symmetric; A, asymmetric. For area: 1, Wound entered vagina; 2, primary wound 
confined to vestibule or labia minora; 3, primary wound remained outside labia minora or vestibule. 


*Children seen initially in other emergency centers and referred to S.F.P. for further and/or follow-up care. 


abuse, the data were analyzed by comparing the ana- 
tomic findings with both the cause of the injury and 
the history. The Fisher exact test was used to test dif- 
ferences between proportions, and the Student ¢ test 
was used to test differences between two means. 


Results 


The majority of these children were seen in the emer- 
gency center at Texas Children’s Hospital, a referral 
children’s hospital. The ethnic background of the sub- 
jects reflected the general population served: blacks, 
40% (n = 13); whites, 31% (n = 10), and Hispanics, 
28% (n = 9). Four children were initially managed at 
another facility and referred for follow-up care (cases 
10, 16, 20, and 29): Two of these children received 
sutures for relatively minor superficial wounds that did 
not transect the hymen, and two others had transections 
of the hymen but did not undergo an examination un- 
der anesthesia. 


Children’s Protective Services or the police were in- 
volved with 15 patients: eight solely because of the gen- 
ital location of the injury, five because of the child’s 
allegations of sexual abuse, and two (cases 27 and 28) 
because of other concerns about abuse. In case 27 the 
patient denied any type of injury in spite of a fresh 
laceration extending from the posterior forchette into 
the vagina through an extremely attenuated hymen, 
suggesting both acute and chronic penetration (Fig. 1). 
In case 28 the patient was a retarded girl who, in ad- 
dition to the acute genital injuries, had gonorrhea cul- 
tured from the vagina. 

To determine if the eight children with no substan- 
tiation of abuse other than the genital injury were re- 
ferred for investigation of childhood sexual abuse be- 
cause they were younger (less verbal) and/or because 
of emergency room personnel bias, which would lead 
them to suspect sexual abuse in certain ethnic subsets, 
the age and race of these eight girls were analyzed. 
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These children were younger, with a mean age of 5.1 
years versus 6.33 years for the group as a whole, and 
seven of the eight were of a minority background. Nev- 
ertheless, with the Student / test there was no statistical 
difference of age or of the racial distribution of these 
patients other than the racial distribution of the injury 
category from which that case originated. There was a 
trend for minority children to undergo more investi- 
gations for sexual abuse than white children. 

The objects that allegedly caused the injuries are 
listed in Table I. The two torque injuries involved mo- 
tor vehicles. The patient in case 31 was 2 years 9 months 
old and was thrown from a motorcycle. In case 32 the 
patient was a 3-year-old girl who was crushed between 
a building and a car; she sustained six fractures of the 
pelvis and a massive ischiorectal hematoma that dis- 
sected into the retroperitoneal space before rupturing 
through the vestibule and creating a massive perineal 
laceration. 

The anatomic variables that were analyzed were the 
following (Fig. 2): (1) Was the wound symmetric or 
asymmetric? (2) Was the hymen transected? (3) Was the 
wound confined to the external genitalia? (4) Was the 
wound relatively minor or was it severe? 

There were 16 symmetric and 16 asymmetric lesions. 
When a symmetric injury transected the hymen, there 
was a very strong possibility that the injury was caused 
by sexual abuse (seven out of 10 patients). Because of 
this association, symmetric injuries and ones that tran- 
sected the hymen were analyzed in more detail. 

Four of nine straddle injuries were symmetric, but 
none of them transected the hymen. Four of the 13 
nonpenetrating injuries were symmetric, and three of 
these transected the hymen. These three wounds ap- 
parently were “direct hits”: In case 12 the patient slid 
down a tree trunk onto a protruding irregular stump 
(Fig. 3); in case 15 the patient was being evaluated to 
rule out rectal bleeding when the emergency room phy- 
sician’s gloved finger inadvertently entered the vagina 
of the girl; in case 18 the patient jumped into a wading 
pool and landed on a plastic toy. 

None of the three symmetric nonpenetrating injuries 
that transected the hymen acutely widened the vaginal 
introitus (Fig. 3), and the apex of the laceration was 
visible in the lower aspect of the vagina. The seven 
patients with symmetric penetrating injuries caused by 
rape all had a widened vaginal introital diameter (Figs. 
1 and 4) when they were seen in the emergency center. 
In three of these injuries (cases 24, 27, and 28) atten- 
uation of the hymenal tissue contributed to the widened 
diameter (Fig. 1). 

In 16 children in whom the cause of the injury was 
known to be either a straddle or a nonpenetrating ob- 
ject (16/22) and who were hemodynamically stable, ini- 
tial emergency room management consisted of reas- 
surance, keeping her quiet and supine, and applying 
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Fig. 1. In case 27 the patient was 8 years old with profuse 
vaginal bleeding, adamant denial of injury, and multiple social 
risk factors for abuse. Note attenuation of posterior hymenal 
tissue which is suggestive of chronic penetration. 


ice packs and a pressure dressing to the perineum. This 
ultimately resulted in decreased swelling and pain and 
gained the child’s cooperation so that the wound and 
perineum could be copiously lavaged. It was then pos- 
sible to determine the full extent of injury without a 
need for anesthesia. 

Six of the 22 patients in whom the cause of injury 
was known to be either a straddle or a nonpenetrating 
object required an examination while they were under 
anesthesia. These six children were younger than the 
group as a whole, but there was not a statistical differ- 
ence in their ages when the Student ¢ test was used. 
They also remained uncooperative and had very hem- 
orrhagic wounds (cases 1, 4, 5, 10, 17, and 20). The 
wounds were ultimately found to be relatively minor, 
requiring simple cauterization of a bleeder in three 
cases, placement of one suture in two, and approxi- 
mation of a partially severed perineal body in one. 

The most serious injuries in this series were three 
rape survivors (cases 23, 26, and 30), one accidental 
impalement (case 25), and two motor vehicle accident 
victims (cases 31 and 32). In all six of these girls an 
extensive injury was suggested preoperatively. ‘The 
wound extended either into the upper vagina or into 
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Symmetric 

B Asymmetric 

EJ Injury to/or above the vaginal apex 
* Injury above vaginal apex 

HT =. Hymen Transected 
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Fig. 2. Anatomic variables by cause of injury. Bars indicate whether wound was symmetric (first bar) 
or asymmetric (second bar) and whether injury extended to/or above vaginal apex (third bar); three 
injuries (asterisk) extended above vaginal apex, and 11 injuries included hymenal transection (HT). 


the perineal tissues beyond what could be visualized by 
an external examination. 

In three of these patients there was injury above the 
vaginal apex: In case 25 there was perforation of the 
rectum, cul-de-sac, and small bowel in multiple sites; 
in case 26 a vaginal laceration extended through the 
cul-de-sac into the abdominal cavity; in case 32 a mas- 
sive hematoma extended into the right retroperitoneal 
space. 

None of the three children with injuries above the 
vaginal apex had signs of higher abdominal or pelvic 
injury when first seen in the emergency center. In cases 
26 and 32 the patients had extensive visible perineal 
injuries and were taken for operative repair, at which 
time the higher, more extensive injuries were detected. 
One patient (case 25), who had severe visceral injuries, 
did not complain of abdominal pain until several hours 
after being admitted and observed for what was 
thought to be a superficial penetrating injury to the 
perineal body. She was taken to the operating room 
after an acute abdomen developed. 

Diverting colostomies were performed in three cases. 
In cases 25 and 32 they were performed to maximize 
healing of bowel injuries and/or to diminish fecal soil- 
ing of the perineal injuries, which were debrided, 
drained, and allowed to close by secondary intent. In 
case 23 the patient underwent a colostomy in prepa- 
ration for primary closure of a fourth-degree perineal 
body laceration that was 5 days old when first seen. All 
three had excellent anatomic results. 

All three rape survivors in whom operative interven- 
tion was required had vestibular lacerations that ex- 
tended through a distinct rim of hymenal tissue, high 
into the vagina along the vaginal wall. Two patients 
(cases 26 and 30) also had another extensive laceration 


in the apex of the vagina, which extended from one 
lateral vaginal fornix in a curvilinear fashion, posterior 
to the cervix, and into the opposite vaginal fornix; this 
laceration extended into the abdominal cavity in one 
patient (case 26). 

No endoscopic studies were performed unless the 
child was under anesthesia. Vaginoscopy, with the pe- 
diatric cystoscope, was performed on six of the 12 chil- 
dren who required an anesthetic for evaluation of their 
wounds. Because the hymen was intact in case 25, that 
impalement injury was the only vaginal wound that was 
unexpectedly discovered. The three sexual assault sur- 
vivors who had endoscopic studies performed had ob- 
vious vaginal injuries that did not require vaginoscopy 
for discovery. 

In this series there was only one patient (case 32) in 
whom cystoscopy was performed; that child had pelvic 
fractures and suspected urethral injury. However, the 
pelvic fractures were not discovered until she under- 
went an examination while she was under anesthesia 
and a bladder catheter was already in place. 

Proctoscopy was performed on two girls while they 
were under anesthesia: In case 25 a rectal perforation 
was identified just inside the rectal verge by digital ex- 
amination, and no higher perforation was identified by 
proctoscopy; in case 32 there were no rectal or colon 
perforations. 

Although large vaginal lacerations were closed pri- 
marily, very few of the perineal injuries reported in this 
series required primary closure and/or suturing for 
hemostasis. In the majority of cases requiring operative 
intervention the wound was debrided and allowed to 
close by secondary intent, particularly if it was a sagittal 
laceration confined to the mucosa. 

When the perineal body was transected, it was pri- 
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Fig. 3. In case 12 a 3-year-old girl slid down a tree trunk and 
lacerated the posterior fourchette, hymen, and | cm of the 
lower vagina on a smooth knuckle of tree stump. 


marily closed in two patients (cases 4 and 23) and al- 
lowed to close by secondary intent in three patients 
(cases 25, 31, and 32). The success in the latter three 
cases could be attributed to the fact that other injuries 
kept these children immobilized for a sufficient amount 
of time for secondary repair to occur. 

Nineteen children were seen at follow-up 2 days to 
3 years after the injury. There were no serious com- 
plications related to the injuries. In three a friable mass 
of granulation tissue developed at the site of the injury; 
when this tissue was in the lower vagina (cases 16 and 
25), a short course of topical estrogen cream allowed 
these wounds to epithelialize, and the symptoms re- 
solved. A small mound of perineal granulation tissue 
at the wound site was cauterized when one child (case 
31) was under anesthesia for colostomy closure. ‘Three 
of the four patients who had been raped had chronic 
vaginitis when seen at follow-up; none of these three 
had any remaining hymenal tissue. 

Six girls who were noted initially to have transected 
hymens, two caused by nonpenetrating objects and four 
among the penetrating rape cases, were seen at follow- 
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Fig. 4. In case 26 an 8-year-old girl was a survivor of stranger 
rape. She had avulsion of the vaginal apex with herniation of 
small bowel. 


up. Injury had healed well in all six, although the tran- 
section of the hymen remained. 


Comment 

Although genital injury is relatively common, when 
it occurs in a prepubescent girl, it is very anxiety pro- 
voking to all involved individuals. Because of its genital 
location and the cognitive limitations in the young child, 
caretakers frequently are concerned about sexual 
abuse. In this small series eight of 25 children (32%) 
were investigated for sexual abuse, even though the 
children gave no history nor did they have other in- 
dicators of abuse, e.g., a sexually transmitted disease 
or denial of injury. 

Another cause for alarm is that these wounds tend 
to be very hemorrhagic. The external genitalia are very 
heavily vascularized, and a relatively minor injury can 
bleed excessively, particularly on the unestrogenized 
mucosa. The vast majority of the injuries reported here 
were managed conservatively in the emergency center 
after a history seeking the cause of the injury was ob- 
tained. However, several of the youngest and more un- 
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cooperative patients in this series were taken to the 
operative room for examination and repair of relatively 
minor but hemorrhagic wounds. 

The anatomic feature most commonly associated 
with a serious wound was symmetry, which is an indi- 
cation that the force of the injury was in the midline. 
A symmetric wound combined with hymenal transec- 
tion indicates that the weakest point in the perineal 
floor has received the force of the causative agent. 
When one is dealing with injuries, other than those 
caused by stabs or gunshots, it is through this point in 
the pelvic floor that injury to internal pelvic and ab- 
dominal structures is possible. 

The one group of symmetric injuries that, although 
painful, had minimal potential for penetration of 
higher viscera were caused by straddle objects; the hy- 
men remained intact in all nine of these patients. Strad- 
dle object injuries have the potential for urethral injury 
and large hematoma formation, although neither of 
these occurred in this series.” 

When the hymen was transected in association with 
a symmetric wound, not only was the potential for dam- 
age to higher viscera increased but also there was a 
much greater association with sexual assault. In this 
series deep penetrating injuries that were symmetric 
and transected the hymen were uniformly the result of 
sexual assault. It must be emphasized that the injuries 
caused by rape were distinctly different than the three 
injuries caused by nonpenetrating objects, which were 
also symmetric and transected the hymen. In the sexual 
assault survivors the vaginal introitus was clearly en- 
larged, and either there was a major laceration of the 
tissues (acute rape) (Fig. 4) or the hymen was markedly 
attenuated (chronic sexual abuse with acute penetra- 
tion) (Fig. 1). The vaginal introitus was not widened in 
the acute, nonpenetrating injuries with symmetry and 
hymenal transections (Fig. 3). 

Instrumentation of the vagina was not uniformly re- 
quired and was reserved only for examinations with the 
patient under anesthesia. The pediatric cystoscope is 
an ideal instrument to examine the vagina of the pre- 
pubertal girl. Any speculum regardless of size will dam- 
age the hymen, and possibly the atrophic vaginal mu- 
cosa, and can rarely be opened sufficiently to examine 
the entire vagina. The small 5 mm diameter of the 
pediatric cystoscope will not damage the hymen, and 
the irrigating fluid will cleanse and expand the vaginal 
canal. The labia can be gently squeezed closed around 
the cystoscope to retain fluid and further expand the 
canal. 
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At some point attention must be given to the child’s 
ability to urinate. Viscous lidocaine applied to the ten- 
der periurethral tissues and/or sitz baths will relieve 
the discomfort and spasm and allow the child to mic- 
turate. In this series no child was catheterized in the 
emergency center. If urethral injury is suspected, cath- 
eterization should be delayed until cystoscopy has ruled 
out a complete or partial urethral transection.*° 

Because the location of a perineal injury does not 
allow it to be bandaged or splinted, allowing a child to 
return to normal activities too soon can be detrimental. 
Quite and supine activities are necessary to prevent a 
small hematoma from expanding and to allow approx- 
imation of tissues for secondary healing to occur. Fre- 
quent tub or sitz baths are also an important part of 
wound management because the area has high fecal 
contamination. 

With the exclusion of gunshot or knife stab wounds, 
we believe that management guidelines can be sug- 
gested for acute genital injuries in the prepubertal girl. 
First, the clinician should consider what type of object 
allegedly caused the injury and, second, determine if 
the anatomic features of symmetry and hymenal tran- 
section are present. 

If the object is of the penetrating type, even if the 
child is having minimal bleeding and/or no apparent 
distress, the possibility of higher visceral injury is great, 
especially if associated with symmetry and hymenal 
transection. 

On the other hand, if the object was too small or too 
wide to penetrate higher, even if the child is screaming 
and has soaked several peripads with blood, she might 
not require a trip to the operating room, especially if 
the injury is asymmetric and the hymen is intact. Re- 
assurance and/or sedation to calm the child and a pres- 
sure dressing against the wound may result in hemo- 
Stasis and a more conservative approach. 


We would like to thank Dr. Claudia Kozinetz for sta- 
tistical analysis of the data presented. 
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The use of a neural network for the ultrasonographic 


estimation of fetal weight in the macrosomic fetus 


Richard M. Farmer, MD, PhD, Arnold L. Medearis, MD, Greigh I. Hirata, MD, and 
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The error associated with regression analysis methods for the ultrasonographic estimation of fetal weight 
in the suspected macrosomic fetus, approximately 10%, is clinically unacceptable. This study was 
undertaken to evaluate the applicability of an emerging technique, biologically simulated intelligence, to 
this problem. One hundred patients with suspected macrosomic fetuses underwent ultrasonographic 
measurements of biparietal diameter, head and abdominal circumference, femur length, abdominal 
subcutaneous tissue, and amniotic fluid index. The biologically simulated intelligence model included 
gestational age, fundal height, age, gravidity, and height. The model was then compared with results 
obtained from previously published formulas relying on the abdominal circumference and femur length. 
The biologically simulated intelligence yielded an average error of 4.7% from actual birth weight, 
statistically better (po = 0.001) than the results obtained from regression models. (Am J OBSTET GYNECOL 


1992:166:1467-72.) 


Key words: Ultrasonography, macrosomia, estimation of fetal weight, neural network, 


biologically simulated intelligence 


Accurate estimation of fetal weight in the clinically 
suspected macrosomic fetus continues to be an area in 
evolution. Perinatal and maternal morbidity increases 
with larger birth weights,’* making correct identifica- 
tion of the macrosomic infant essential. Once the fetus 
at risk has been identified, clinical decisions and pre- 
cautions can be used to reduce morbidity.’ Clinical es- 
timation of fetal weight by means of the Leopold ma- 
neuvers has not been shown to be accurate.’ Roent- 
genographic and computed tomographic examinations 
of the fetus have also not been useful, because the pre- 
dictive value offers no advantage over ultrasonography 
and it has the concern of fetal roentgenographic ex- 
posure.’ Ultrasonography continues to be considered 
the most reliable means of estimating fetal weight. 
Regression analysis of standard measured parameters 
generated in nonmacrosomic populations by Hadlock 
et al.’ and Shepard et al. has yielded the most common 
formulas for the estimation of fetal weight. Hirata et 
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al.° found that Hadlock’s model performs best in the 
macrosomic population, in spite of the fact that esti- 
mated fetal weights calculated from these formulas can 
vary from the actual birth weight by 210%. Using a 
study population of suspected macrosomic fetuses 
rather than the general population to generate regres- 
sion curves has not yielded significantly better results." 

An emerging technique for data analysis is biologi- 
cally simulated intelligence or neural network. The 
forte of the neural network is pattern recognition, 
which can be likened to regression analysis where input 
variables are associated with outcomes according to a 
specified relationship to obtain a predictive model. ‘The 
actual data reduction is unique to the neural network, 
which is derived from models of the human pattern of 
thinking. The technique excels in correlating many 
variables that, when taken alone, may not be statistically 
significant but as a group provide added information 
to best model an outcome. This technique uses a non- 
linear system of variable weighting to best model input 
data. 

The purpose of the current study was to determine 
the applicability of a biologically simulated intelligence 
to the estimation of fetal weight in the clinically sus- 
pected macrosomic fetus. This model was then pro- 
spectively tested against the Hadlock and Shepard 
models. 


Material and methods 


The study population consisted of 102 patients seen 
at Los Angeles County—University of Southern Cali- 
fornia Women’s Hospital, either in the clinic population 


1467 


1468 Farmer et al. 


or in the labor and delivery suite, with a clinically sus- 
pected macrosomic fetus. Excluded from the study 
were the fetuses of women with diabetes, anomalous 
infants, multiple gestations, and women whose ad- 
vanced labor precluded an accurate ultrasonographic 
examination. All ultrasonographic measurements 
were conducted within 72 hours of delivery. Measure- 
ments were made with an ATL Ultramark-4 (Bothell, 
Wash.), a GE RT 3000 or GE RT 3600 (Milwaukee, 
Wis.), or a Corometrics Aloka 620 (Wallingford, Conn.). 
All measurements were made with a 3.5 MHz linear 
array transducer. 

The biparietal diameter, occipitofrontal diameter, 
transverse abdominal diameter, anteroposterior ab- 
dominal diameter, and femur length were measured 
with standard techniques. Circumferences of the head 
and abdomen were calculated with the equation for a 
circle: Circumference = (Diameter 1 + Diameter 2) - 
1.57. An assessment of the subcutaneous tissue was 
made by measuring the distance from the bony spine 
to the skin in the anteroposterior orientation at the level 
of the abdominal circumference. The amniotic fluid 
index was measured as previously described."' Calcu- 
lated values were the head circumference/abdominal 
circumference and the femur length/abdominal cir- 
cumference ratios. The other measured variable was 
the fundal height, which was measured in centimeters 
from the symphysis pubis to the fundus. Demographic 
variables included in the analysis included gestational 
age, gravidity, parity, and height of the patient. 

The biologically simulated intelligence used to model 
the data was the Brainmaker software package (version 
1.5, California Scientific Software, Sierra Madre, Calif ). 
The input variables were gestational age, fundal height, 
amniotic fluid index, biparietal diameter, head circum- 
ference, abdominal circumference, subcutaneous tissue 
measurement, femur length, head circumference/ab- 
dominal circumference, femur length/abdominal cir- 
cumference, gravidity, parity, and patient height. Data 
used to develop the network were taken from a pre- 
viously published set of 146 patients from this insti- 
tution.’ The model was then successively iterated until 
the estimated fetal weight (the output variable) agreed 
with the actual birth weight within specified tolerance. 
Adjustments with respect to the number of neurons, 
neuron gain, and training tolerance were made to ob- 
tain maximal performance on a training subset. Pro- 
spective evaluation of the trained network was then 
conducted on the 102 patients described above. 

Data analysis was conducted on a personal com- 
puter—based system with the CRUNCH statistical soft- 
ware package (Crunch Software Corp., Oakland, 
Calif.). The error in the estimated fetal weight is ex- 
pressed as a percentage of the actual birth weight’ as 
follows: Error (%) = (Estimated fetal weight — Actual 
birth weight)/ Actual birth weight x 100. An estimated 
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fetal weight was calculated for each patient with the 
neural network model, the Hadlock formula, and the 
Shepard formula. The Hadlock estimated fetal weight 
was calculated with the model: Log estimated fetal 
weight = 1.304 + 0.05281(abdominal circumference) 
+ 0.1938(femur length) — 0.004(abdominal circum- 
ference)(femur length). The Shepard estimated fetal 
weight was calculated from: Log, estimated fetal 
weight = — 1.7492 + 0.166(biparietal diameter) + 
0.046(abdominal circumference) — [2.646(abdominal 
circumference)(biparietal diameter)|/1000. Paired ¢ 
tests were used to compare the difference in the mean 
percent error derived from the Hadlock, Shepard, and 
neural network models. Significance was defined as 
p < 0.05. 


Results 


The average birth weight in the study population was 
4250 + 350 gm, with a range of 3360 to 5260 gm. 
Seventy of the 101 infants (69.3%) had a birth weight 
=4000 gm, whereas 24 (23.8%) weighed 24500 gm at 
birth. The distribution of actual fetal weights when 
there was a clinical suspicion of macrosomia is displayed 
graphically in Fig. 1. A total of 62.4% (63/101) infants 
were 241 weeks’ gestation. There were no anomalies 
or neonatal deaths in the study population. 

The mean error from the actual birth weight ob- 
tained with the neural network was 4.7% + 3.9%, 
whereas the Shepard and Hadlock formulas’ errors 
were 6.5% + 4.6% and 6.8% + 5.0%, respectively 
(Table I). The neural network results were calculated 
with the input variables outlined in Material and Meth- 
ods. Another neural network was generated with only 
abdominal circumference and femur length used as 
input variables, with a resultant mean error of 
6.1% + 4.5%. 

The performance of each model over the weight 
range studied is shown graphically in Fig. 2. The points 
shown are the mean percent deviation from the actual 
birth weight within the weight range specified. 


Comment 


The ultrasonographic estimation of fetal weight in 
the clinically suspected macrosomic fetus is an area that 
continues to evolve. Previous efforts in this area have 
focused on correlating a few morphometric parame- 
ters, i.e., the biparietal diameter, abdominal circum- 
ference, or femur length, with birth weight. However, 
the error associated with these methods has been im- 
perfect. Because most of the permutations of these 
morphometric measurements have been explored, it 
might seem reasonable to postulate that inclusion of 
more parameters would add to the predictive value of 
a model. Although a given parameter, when taken 
alone, does not statistically contribute to a model, an 
aggregate of parameters related to macrosomia may 
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Fig. 1. Actual birth weight distribution in clinically suspected macrosomic infants. 


Table I. Mean percent deviation from actual birth weight of several models for estimating fetal weight in 


macrosomic infants 


Hadlock 


Shepard 

Neural network 

Neural network (abdominal circumference and femur 
length only) 





*Neural network used as a comparison. 


round out a model so that its performance best predicts 
the actual birth weight. The problem with such an ap- 
proach in the past has been the unwieldy nature of the 
data analysis with multiple parameters. 

The analysis of multiple parameters to develop a pre- 
dictive model is the forte of the neural network or 
biologically simulated intelligence. A neural network 
model was first used as a research tool to model human 
thinking. The computer sets up a miniature model that 
simulates the biologic architecture of the human brain, 
with the terminology of the network borrowed from 
neurobiology (Fig. 3). The biologically simulated in- 
telligence relies on a training data set as input, with the 
number of variables corresponding to the number of 
input neurons. The input layer is then connected to a 
prespecified number of neurons in the hidden layer so 


Deviation from 
actual birth 
weight 


(%, mean + SD) Significance* 





6.8 + 5.0 p < 0.001 
6.5 + 4.6 p < 0.001 
4.7+ 3.9 — 
6l£45 — 


that all inputs are connected to all neurons in the hid- 
den layer. Similarly, all neurons of the hidden layer are 
connected to an output layer, the result(s) to be mod- 
eled. The training set, matched data and outcome, is 
then run through the network. The network then at- 
tempts to vary the interconnections between the input- 
hidden layers and the hidden-output layers until the 
specified outcome is obtained for each input. The pro- 
cess is iterative, with the entire data set run through 
the network numerous times until all inputs match all 
outputs. The model is then ready for use as a predictive 
tool. 

The neural network model is statistically more 
accurate than the Hadlock or Shepard formula 
(p < 0.05). The standard deviation of the percent error 
is minimized with the neural network model, an indi- 
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mean percent error 


—*— Neural network 
—t—  Hadlock formula 
>< Shepard formula 


10 - x 
0 - x 
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-20 - Birthweight in grams 
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4000 4200 4400 4600 4800 5000 


Fig. 2. Performance of various models for estimating fetal weight in clinically suspected macrosomic 





fetus. 
Measurement Outcome 
Variables fs Variables 
ay? 
input layer hidden layer output layer 
Fig. 3. Schematic representation of neural network architecture. 
cation of the method’s precision and accuracy. With the weight range, especially when the birth weight is <3800 
use of only the abdominal circumference and femur gm. A possible explanation for this may be operator 
length the network model yielded results that were not bias on the basis of referral indication. A clinical sus- 
statistically different from either the Hadlock and the picion of macrosomia existed for inclusion in the study. 
Shepard model. | This clinical impression may have carried over into a 
The performance of a model over the study weight bias in the measurement of morphometric parameters, 
range is shown in Fig. 2. It is of interest that all models particularly abdominal circumference. The result 


have a diminished performance at the extremes of the would be the systematic overestimation of fetal weight 
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Fig. 4. Performance of two neural network models over weight range of clinical interest. AC, Ab- 


dominal circumference; FL, femur length. 


Table II. Mean percent deviation from actual birth weight of several models for estimating fetal weight in 
the birth weight age of 3800 to 4800 gm 





Model 


Hadlock 


Shepard 


Neural network 


Neural network (abdominal circumference and femur 


length only) 


*Neural network used as a comparison. 


Deviation from 
actual birth 
weight 
(%, mean + SD) 





Significance* 





6.5 = 4.5 p < 0.005* 
p < 0.005} 

6.4 + 4.2 p < 0.005* 
p < 0.004% 

4l t 3.5 = 

49 32 — 


tNeural network with only abdominal circumference and femur length used as a comparison. 


when the actual birth weight was <3800 gm. All models 
would be expected to perform poorly because the data 
was biased before calculation of estimated fetal weight. 

At the other end of the scale infants >4800 gm rep- 
resent technical problems in the estimation of abdom- 
inal circumference because the entire abdomen may 
not fit on the display. This would result in estimations 
of abdominal circumference that would tend to favor 
the bias of the observer. In this study it resulted in a 
systematic bias toward underestimation of fetal weight 
in the larger weight ranges. The problems of bias exist 
for all the models studied. However, the underesti- 


mation of fetal weight for infants with a birth weight 
>4800 gm appears greater for the neural network 
model than for the regression models. A possible ex- 
planation for this lies in the method of data analysis 
particular to the neural network. The network relies 
on past experience with a subset of the range for ac- 
curate prediction. The model will deteriorate signifi- 
cantly when there are not enough data in a given area. 
In particular, there are only seven infants with birth 
weights >4800 gm. The model’s predictive ability 


would probably be significantly enhanced by the ari@lu- =. 


sion of more infants in this weight category, Finding 
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such study candidates would be the major impediment 
to the improvement of the model in this weight range. 

Exclusion of infants at the weight extremes of birth 
weights <3800 and >4800 gm results in the exclusion 
of 16 patients. The resultant mean percent error of 
each estimated fetal weight from the actual birth 
weight, with its standard deviation, is shown in Table 
II. The p values for the results of a paired ¢ test com- 
paring the neural network model with the other models 
are also shown in Table II. The predictive value of the 
neural network is significantly better than the regres- 
sion models of Hadlock and Shepard. The perfor- 
mance of the network over the weight range from 
>3800 to <4800 mg is shown in Fig. 4. Inclusion of 
parameters other than biparietal diameter, abdominal 
circumference, and femur length (gestational age, fun- 
dal height, amniotic fluid index, head circumference, 
subcutaneous tissue measurement, head circumfer- 
ence/abdominal circumference, femur length/abdom- 
inal circumference, sex, age, and gravidity, parity, and 
height) tends to have a smoothing effect on the esti- 
mated fetal weight because the errors are less systematic 
than with the Hadlock or Shepard formulas. 

Data analysis with the neural network is not restricted 
to the reduction of large numbers of variables. When 
only the abdominal circumference and femur length 
are considered, as was done in the Hadlock model, the 
network performed as well as the Hadlock and Shepard 
formulas (Table I). If the weight range is restricted to 
>3800 and <4800 gm (because of the previous argu- 
ments) the resultant model has a statistically greater 
(p < 0.005) predictive value than either regression for- 
mula in the macrosomic weight range. The perfor- 
mance of this network model, however, is not as con- 
sistent over the entire weight range as the full network 
model (Fig. 3). 

Another interesting observation from the study is the 
confirmation of the inaccuracy of Leopold examina- 
tions for the estimation of fetal weight. All infants, as 
part of the inclusion criteria, were estimated to be 
>4000 gm. Only 69.3% of the infants actually had birth 
weights >4000 gm. 

We conclude that the neural network method of data 
analysis is a new technique that deserves further eval- 
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uation. Its ability to integrate numerous variables to 
develop a predictive model offers significant potential 
advantages over regression analysis. Its performance 
in the estimation of fetal weight in the clincially sus- 
pected macrosomic fetus is better than the traditional 
regression analysis used by Hadlock and Shepard if 
multiple parameters are considered. If the parameters 
are restricted to the abdominal circumference and fe- 
mur length, as was done with the Hadlock formula, the 
network still predicts the estimated fetal weight signif- 
icantly better than a regression formula does. The ma- 


jor drawback to this form of analysis is the necessity of 


including a sufficient number of patients over the entire 
range of birth weights, with the predictive value de- 
grading significantly when this is not done. 
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Fetal echocardiography: Accuracy and limitations in a 


population at high and low risk for heart defects 


Bryann Bromley, MD, Judy A. Estroff, MD,”* Stephen P. Sanders, MD, 
Richard Parad, MD,‘ Drucilla Roberts, MD,‘ Fredric D. Frigoletto, Jr., MD, and 


Beryl R. Benacerraf, MD*" 


Boston, Massachusetts 


OBJECTIVE: Our objective was to assess the accuracy of prenatal echocardiography in detecting 
congenital heart defects in patients at high and low risk for structural cardiac anomalies. 

STUDY DESIGN: Sixty-nine consecutive fetuses with congenital heart defects who had had prenatal 
ultrasonography at =18 weeks’ gestation were evaluated to determine the accuracy of prenatal 
ultrasonography in identifying structural cardiac defects. Thirty-nine patients were at high risk and 30 
patients were at low risk for cardiac anomalies. All fetuses were scanned with standard four-chamber and 
outflow tract views. Data concerning extracardiac anomalies and karyotypic abnormalities were tabulated. 
The accuracy of the four-chamber view alone in identifying congenital heart defects was evaluated. 
RESULTS: Fifty-seven of 69 fetuses (83%) were prenatally identified ultrasonographically as having a 
heart defect. There was no difference in the sensitivity of detecting cardiac anomalies between high-risk 
and low-risk groups. When the four-chamber view was used, only 63% of fetuses were recognized as 
having an abnormal heart. Extracardiac anomalies were noted in 36% and karyotypic abnormalities in 17% 


of patients. 


CONCLUSION: The four-chamber and outflow tract views done routinely in an ultrasonography laboratory 
seeing a mixed population of patients was successful in detecting 83% of fetuses with structural cardiac 
malformations. Because 43% of the fetuses with heart defects were referred for low-risk indications, 
systematic ultrasonographic examination of the fetal heart should not be reserved only for those at high 


risk. (AM J OBSTET GYNECOL 1992;166:1473-81.) 


Key words: Fetal echocardiography, heart defects 


Congenital heart defects occur in approximately 
eight of 1000 live births.’ A family history of a con- 
genital heart defect among first-degree relatives in- 
creases the risk to 4% to 12%.” In addition, patients 
with diabetes, phenylketonuria, and other noncardiac 
abnormalities are at increased risk for fetal cardiac 
anomalies. Although it is possible to catagorize certain 
fetuses as being at high risk for cardiac malformations, 
most neonates with a congenital heart defect were not 
perceived to be at increased risk prenatally.’ The an- 
tenatal detection of cardiac malformations is crucial 
because obstetric and neonatal management is likely to 
be altered. The neonate with a significant cardiac lesion 
will benefit from delivery at a tertiary care center where 
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the expertise of pediatric cardiologists and cardiac sur- 
geons is readily available. 

Fetal echocardiography is successful in identifying 
the majority of fetuses with structural cardiac abnor- 
malities.*'' Most investigators have focused their atten- 
tion on patients at high risk for cardiac lesions. The 
American Institute of Ultrasound in Medicine’s guide- 
lines advocate the use of the four-chamber view in the 
basic obstetric scan because this view is likely to identify 
disparity in chamber sizes, leading to a targeted cardiac 
evaluation.” Although some investigators suggest that 
the four-chamber view is adequate for detecting most 
cases of congenital heart disease, lesions involving the 
great vessels, such as tetralogy of Fallot and transpo- 
sition of the great arteries, may be missed if the outflow 
tracts are not specifically examined.” '* 

Because prenatal diagnosis of congenital heart de- 
fects is critical to optimal neonatal care, we evaluated 
our accuracy in diagnosing congenital heart disease in 
a population that included patients at high and low risk 
for structural heart defects. In addition, we compared 
the sensitivity of our standard cardiac examination 
(four-chamber view and outflow tracts) with the sen- 
sitivity of the four-chamber view alone. 
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Fig. LA. Normal four-chamber view of heart at 30 weeks’ 


gestation. LV, Left ventricle; RV, right ventricle. 
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Fig. 1C. Normal long-axis view of heart showing aortic outflow 
tract. AO, Aorta: LV, left ventricle. 





Fig. 1B. Normal pulmonary artery bifurcation. PA, Main pul- 
monary artery. Aorta (AQ) is seen on end. 


Material and methods 


From Jan. 1, 1987, to Dec. 31, 1990, all neonates who 


were delivered at the Brigham and Women’s Hospital 


or the Beth Israel Hospital and who had a diagnosis of 


congenital heart disease were identified with the special 
care nursery data base. During the same time period, 
all aborted fetuses delivered at the Brigham and Wom- 
en’s Hospital that were diagnosed as having a congen- 
ital heart defect were identified from the pathology 
data base. This information was then cross-referenced 
with records from our ultrasonography unit, yielding 


69 neonates with congenital heart disease at birth and 


Fig. 1D. Longitudinal view of normal aortic arch (AQ). IVC, 
Inferior vena Cava. 


a prenatal sonogram in our ultrasonography labora- 
tory at or after 18 weeks’ gestation. The postnatal di- 
agnosis of heart defects was made by autopsy, postnatal 
echocardiography, or cardiac catheterization. Neonates 
leaving the hospital without a recognized cardiac di- 
agnosis were not included in the study. 

Each patient in our ultrasonographic laboratory, re- 
gardless of the indication for the scan, is evaluated in 
a standard fashion. The cardiac portion of the exam- 
ination includes the four-chamber view, short axis— 
long axis views, and views of the outflow tracts (Figs. 


1A to 1E). Aortic and ductal arches were included when 
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Fig. LE. Longitudinal view of pulmonary artery (PA) as it leads 
into ductus arteriosus (DU). 


Fig. 2. Four-chamber view of heart in 25-week fetus with Eb- 
stein’s anomaly. Arrow, Tricuspid valve displaced in right ven- 
tricle; LV, left ventricle; RV, right ventricle; RA, right atrium. 





Fig. 3. Longitudinal view of pulmonary artery (PA) in 33-week fetus with critical pulmonic stenosis. 


Arrow, Area of stenosis at pulmonic valve; RVOT, right ventricular outflow tract. 


possible. Each scan was done with an Acuson 128 vari- 
able focus imager (Acuson, Mountain View, Calif.) with 
a 3.5 MHz phased array transducer. 

The prenatal ultrasonographic diagnosis of congen- 
ital cardiac disease was made prospectively and taken 
from the original report at the time of the scan. In 
addition, the four-chamber views of the prenatal scans 
were retrospectively reviewed without knowledge of the 
diagnosis to determine the sensitivity of the four-cham- 
ber view alone for detecting a cardiac malformation. 

The patients were divided into high- or low-risk 
groups according to the indication for the scan, and 


the accuracy for detection of heart defects was analyzed 


separately for each group. The indications considered 
to represent an increased risk for congenital heart de- 
fects includes diabetes, referral from a level I facility 
for suspected cardiac abnormality, referral for a sus- 
pected noncardiac abnormality, a previous child with 
congenital heart disease, and phenylketonuria. Patients 
considered at low risk were scanned for placental po- 
sition, growth, uncertain dates, abnormal a-fetoprotein 
level, possible polyhydramnios, maternal hypertension, 
previous stillbirth, postdate pregnancy, twins, and 
preamniocentesis evaluation. 

Associated anomalies and karyotypic information 


were also tabulated. Pediatric follow-up was obtained 
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Table I. Clinical diagnoses by lesion 


Cardiac diagnosis 


Hypoplastic left heart 
Hypoplastic right heart 
Endocardial cushion defect 


18,22,25,30,33,40 
18,18,18,18,23,24,28,28,35 
Transposition of great vessels 18,19,20,21,22,25,28,35 
Tetralogy of Fallot 
Double-outlet right ventricle 18,21,22,24,24,36 
Coarctation of aorta 18,19,23,28,28,35 
Pulmonic atresia 28 

Aortic stenosis 18,26,33 
Pulmonic stenosis 33,34,35 
Ventricular septal defect 


Atrial septal defect NA 
Ebstein’s anomaly 20,35 
Dextrocardia 18,24,36 
Total anomalous pulmonary NA 
venous return 
Interrupted inferior vena 25 
cava 


Correct diagnosis 


18,18,18,19,19,20,21,24,24,27,28,34,35,36,37 


18,18,18,20,20,20,21,25,25,28,34 


18,18, 18,18,19,21,23,25,27,28,31,34 
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Gestational age (wk) 
Missed diagnosis 


20 (part of tetralogy of Fallot) 

NA 

18,19,24 (part of hypoplastic left heart), 
36 (part of complex) 

40 (part of hypoplastic right heart) 

NA 


17 (part of hypoplastic left heart) 
21,22,26,30 


24,34,34 
18,18,18,19,20,26,26,27,27,28,34,37,40,40 
18,18,18,19,19,25,28,28,34,35,37 

NA 

NA 

18,18,23,24,35,36 





NA, Not applicable. 


Table II. Indications for ultrasonography 







Indication 


High-risk indication 


Diabetes 4 
Cardiac referral 10 
Family history of heart defect 7 
Noncardiac referral 10 
Phenylketonuria l 
TOTAL 32 (82%)* 


Low-risk indication 
Placental location 
Growth 
Dating 
Abnormal a-fetoprotein level 
Rule out polyhydamnios 
Hypertension 
Previous stillbirth 
Postdate pregnancy 
Amniocentesis 
Rule out twins 

TOTAL 


mooocr Ne eA He 


25 (83%)* 










Lesion 


Missed 


“I of OOO © 
© 
m CO U © NO 


45 (65%)+ 24 


— 


rOoCORK OOM OO AN 
ONONN OU, = m= 


41 (66%)* 21 


G ONNOOOO m= CS 





*By patient. 
tBy lesion. 


for all cases of antenatally diagnosed heart defects with 
delivery at the reference hospital to ascertain false-pos- 
itive diagnoses. 


Results 


Sixty-nine fetuses were delivered at Brigham and 
Women’s Hospital or Beth Israel Hospital and found 
by autopsy, postnatal echocardiography, or angiogra- 
phy to have an identified total of 131 cardiac lesions. 
Fifty-seven of the 69 patients (83%) were identified 


prenatally as having an abnormal heart and 83 of 131 
lesions (66%) were correctly detected. Table I shows 
the cardiac defects and gestational ages at ultrasono- 
graphic diagnosis. Nearly all cases of ventricular hy- 
poplasia, tetralogy of Fallot, and transposition of the 
great arteries were correctly identified. Most lesions 
that were missed were part of complex cardiac defects 
with multiple lesions, the other parts of which were 
correctly identified. Other defects commonly missed 
included abnormalities such as atrial septal defects, ven- 
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Fig. 4A. Normal-appearing four-chamber view of heart in 18-week fetus with tetralogy of Fallot. 


LV, Left ventricle; RV, right ventricle. 


tricular septal defects, and valvar stenoses. Nine of 13 


endocardial cushion defects were correctly detected; of 


the four missed, two were part of congenital heart ab- 
normalities identified by the other lesions. Six of 10 
fetuses with coarctation of the aorta were correctly 
identified, usually by the disparity in size between the 
left and right ventricles. All cases of pulmonic atresia 


and aortic stenosis were detected, although only half 


of the cases of pulmonic stenosis were correctly seen 
(Figs. 2 and 3). All cases of atrial septal defects, more 
than half the ventricular septal defects, and all cases 
of total anomalous pulmonary venous return were 
missed. 

Follow-up of all fetuses with suspected congenital 
heart defects on a prenatal sonogram resulted in two 
false-positive diagnoses. Two patients had suspected 
ventricular septal defects at 20 and 22 weeks’ gestation, 
respectively, with no evidence of heart disease at birth. 

‘Twenty-five of the 69 fetuses (36%) had other con- 
genital abnormalities detected by ultrasonography. 
These abnormalities included hydronephrosis or cystic 
kidneys (n = 9), thickened nuchal fold (n = 4), non- 
immune hydrops (n = 3), abnormal distal extremities 
(n = 3), hydrocephalus (n = 3), duodenal atresia 
(n = 2), omphalocele (n = 2), agenesis of the corpus 
callosum (n = 2), hemivertebra (n = 1), absent stom- 
ach bubble (n = 1), adenomatoid cystic malformation 
of the lung (n = 1), holoprosencephaly (n = 1), cystic 
hygromas (n = 1), and pleural effusion (n = 1). In ad- 
dition, 12 of 69 fetuses (17%) had an abnormal karyo- 
type, including eight with trisomy 21, three with tri- 
somy 18, and one with trisomy 13. Two of these fetuses 
had no ultrasonographic abnormalities other than the 
congenital heart defect. 





Fig. 4B. Short-axis view of same fetus showing large ventric- 
ular septal defect (VSD) with large overriding aorta (AQ). 


Table II shows the various indications for ultraso- 
nography and the correct or missed diagnoses by pa- 
tient and by lesion in patients at high and low risk for 


congenital heart defects. Among the low-risk patients 
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Fig. 5A. Normal-appearing four-chamber view of heart in 28- 


week fetus with transposition of great arteries. LV, Left ven- 
tricle; RV, right ventricle. 


Fig. 5B. Short-axis view of same fetus showing parallel course 
of two great vessels. LV, Left ventricle; RV, right ventricle; 
AO, aorta; PA, pulmonary artery. 


Table III. Comparison between standard scan and four-chamber view only 





Standard scan 





Identified 





Missed 






Lesions 86 66 t5 
Patients 57 83 12 
Four-chamber view only” 
(n = 67) 
Patients 49 63 95 
Fifteen lesions in 13 fetuses: two fetuses had two lesions missed. 
*Missed on four-chamber view but identified with standard scan. Transposition of great vessels, n = 4; tetralogy of Fallot, 
n = 7; coarctation of aorta, n = l; ventricular septal defect, n 2; Interrupted inferior vena cava, n = 1. 


(n = 30), 25 fetuses were correctly identified as having 
congenital heart defects, resulting in a sensitivity of 
83%. There were 41 specific lesions correctly identified 
and 21 missed, for a lesion-specific sensitivity of 66%. 
There were 39 fetuses at risk for cardiac anomalies, 32 
of whom had congenital heart defects diagnosed pre- 
natally, resulting in a sensitivity of 82%. Forty-five of 
69 lesions were correctly identified in the high-risk 
group, for a lesion-specific sensitivity of 65%. 

On retrospective evaluation, the four-chamber view 
was of adequate quality in 67 of the 69 patients. The 
cardiac abnormality was detected in only 42 of these 
67 patients (63%). Table IH shows lesions with a nor- 
mal-appearing four-chamber view detected prenatally 
with the short-axis view or views of the outflow tracts. 


Fifteen lesions in 13 fetuses would have been missed 
had the four-chamber view been used exclusively, in- 
cluding seven cases of tetralogy of Fallot and four cases 
of transposition of the great arteries (Figs. 4A, 4B, 5A, 
5B, 6A, and 6B). Specifically, in the high-risk group we 
would have missed two fetuses with tetralogy of Fallot, 
two with transposition of the great arteries, and one 
with a ventricular septal defect. In the low-risk group 
analysis of the four-chamber view alone would have 
resulted in a missed diagnosis of tetralogy of Fallot in 
five fetuses, transposition of the great arteries in two 
fetuses, coarctation of the aorta and a ventricular septal 
defect in one fetus, and an interrupted vena cava in 
one of the fetuses with tetralogy of Fallot. Ten of the 
13 fetuses with a normal-appearing four-chamber 
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Fig. 6A. Four-chamber view of heart in 20-week fetus with hypoplastic aorta. Note subtle discrepancy 
in ventricular size. LV, Left ventricle; RV, right ventricle. 





Fig. 6B. Aortic outflow tract in same fetus showing severely hypoplastic aorta, variant of hypoplastic 


left heart. AO, Aorta; PA, pulmonary artery. 


view in spite of a heart defect had no extracardiac 
anomalies. 


Comment 

Prenatal identification of fetuses with congenital 
heart defects is of paramount importance, because 
these infants are likely to benefit from delivery at a 


tertiary care center where the neonate can be stabilized, 


the diagnosis confirmed, and corrective or palliative 


procedures undertaken. 

Fetal echocardiography has been shown to be an ac- 
curate method for diagnosing structural cardiac mal- 
formations in fetuses at high risk.*'' Standard echo- 
cardiographic views permitted us to detect congenital 
heart disease in 57 of 69 patients (83%). Many of the 


lesions that were not recognized in our series were ei- 


gi 
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ther parts of a complex congenital heart pattern or 
isolated abnormalities such as septal defects, valvar 
stenoses, and coarctation of the aorta. These findings 
are in agreement with those of Crawford et al.,* who 
accurately predicted 74 cases of congenital heart dis- 
ease and reported an additional 17 false-negative cases. 
Missed diagnoses in their series also consisted primarily 
of ventricular septal defects, coarctation of the aorta, 
and valvar stenoses. Marasini et al.” reported seven 
cases of congenital heart disease correctly identified in 
utero, with three false-negative diagnoses, again 
involving primarily ventricular septal defects and 
coarctation of the aorta. Parness et al.' correctly iden- 
tified 10 of 14 cases of congenital heart disease in the 
midtrimester of pregnancy. Copel et al.’ reported a 
high sensitivity (92%) for detecting congenital heart 
disease in a referral population. 

Noncardiac malformations have been identified in as 
many as 25% to 50% of patients with congenital heart 
disease.'* '° Our data concur with previous reports; 25 
of 69 fetus (36%) with heart defects had other ultra- 
sonographically detectable anomalies. In addition, 17% 
of our study population had an abnormal karyotype. 
This is similar to the 19% incidence of aneuploidy re- 
ported by Ferrazzi et al.'' Berg et al.'° report the inci- 
dence of aneuploidy as 13% at birth in those patients 
with congenital heart disease, whereas Copel et al.” 
reported that 32% of the fetuses in their study had an 
abnormal karyotype. Thus we confirm the recommen- 
dation for karyotypic evaluation of the fetus with struc- 
tural cardiac disease. 

Although echocardiography has been advocated for 
fetuses at high risk for congenital heart disease, the 
majority of fetuses actually diagnosed with cardiac mal- 
formations have no identifiable risk factors.’ In this 
study 30 of 69 fetuses (43%) identified as having a heart 
defect were initially referred for ultrasonography be- 
cause of low-risk indications. It is our practice to ex- 
amine the fetal heart in a standard fashion, regardless 
of the indication for scanning. In all fetuses of =18 
weeks’ gestation, we evaluate the four-chamber view 
and the right and left ventricular outflow tracts. Our 
data demonstrate that this comprehensive evaluation 
resulted in the identification of 83% of cardiac abnor- 
malities in patients at low risk for congenital heart dis- 
ease and that we were as successful in diagnosing con- 
genital heart disease in the low-risk as in the high-risk 
populations. 

Copel et al.’ have reported a sensitivity of 92% in 
detecting congenital heart disease by means of the four- 
chamber view. In our experience evaluation of the four- 
chamber view alone would have allowed identification 
of only 42 of 67 patients with congenital heart disease, 
a sensitivity of only 63%. Specifically, seven cases of 
tetralogy of Fallot and four cases of transposition of 
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the great arteries would have been missed. These car- 
diac defects can be life-threatening at birth if unde- 
tected. DeVore et al.'* report that 7% to 10% of infants 
with congenital heart disease have tetralogy of Fallot 
and that this diagnosis is often missed on the four- 
chamber view. We speculate that the higher sensitivity 
of the four-chamber view for identifying heart defects 
in the study by Copel et al. is due to their patient re- 
ferral pattern. Twenty of 74 patients identified were 
initially referred because of a suspicious level I scan 
(presumably an abnormal four-chamber view). 

An unavoidable limitation of this study was the se- 
lection of a patient population delivered at two major 
teaching hospitals. It is, however, agreed that most fe- 
tuses with congenital heart defects would have been 
delivered at Brigham and Women’s or Beth Israel Hos- 
pital because of the availability of pediatric services. 
Furthermore, this ultrasonography laboratory serves 
these two teaching hospitals primarily, and therefore 
the design of this study was deemed adequate. 

Our sensitivity for identifying congenital heart de- 
fects has improved since our previous study published 
3 years ago on a similar patient population.’ This may 
be due, in part, to our ability to identify outflow tracts 
more consistently. It is also evident that cardiac lesions, 
such as atrial septal defects, ventricular septal defects, 
and valvar stenoses, still elude prenatal diagnosis. Fur- 
ther follow-up of the eight children with ventricular 
septal defects missed ultrasonographically (and not part 
of more complex cardiac defects) revealed that five did 
not require surgical intervention and are undergoing 
medical follow-up. The other three children are doing 
well after surgical repair. Venous abnormalities are also 
difficult to diagnose antenatally. We found only limited 
published data concerning prenatal detection of venous 
abnormalities, and most are associated with complex 
congenital heart disease." 

In conclusion, we believe that all obstetric scans per- 
formed at or after 18 weeks’ gestation should include 
evaluation of the ventricular outflow tracts and a four- 
chamber view of the heart, regardless of whether the 
patient is known to be at increased risk for having a 
child with a congenital heart anomaly. The fou~-cham- 
ber view alone would not have allowed detection of 11 
cases of either tetralogy of Fallot or transposition of the 
great arteries. Forty-three percent of fetuses with struc- 
tural cardiac anomalies in this study were not consid- 
ered at high risk and might have been overlooked had 
the fetal heart not been examined systematically. In 
addition, 64% of fetuses had no extracardiac abnor- 
malities that would have led to a referral for a targeted 
scan. Should an abnormality in the fetal heart be de- 
tected ultrasonographically, referral to a more expe- 
rienced echocardiographer is reasonable to ascertain a 
specific diagnosis. The patient may then be appropri- 
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ately counseled, and karyotypic evaluation and delivery 
at an appropriate institution can be undertaken. 
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In situ and invasive vulvar cancer incidence trends 


(1973 to 1987) 


Susan R. Sturgeon, DrPH, Louise A. Brinton, PhD. Susan S. Devesa, PhD, and 


Robert J. Kurman, MD" 
Bethesda and Baltimore, Maryland 


OBJECTIVE: The objective of this study was to examine recent trends in the incidence of vulvar cancer. 
STUDY DESIGN: Cases of in situ anc invasive squamous call vulvar cancer were identified from nine 


Surveillance, Epidemiology, and End Results cancer registries. 


RESULTS: The incidence rate of in situ vulvar cancer nearly doubled between 1973 to 1975 and 1985 to 
1987, whereas the rate of invasive squamous cell carcincma remained relatively stable. 

CONCLUSIONS: Possible reasons for this discordance inclide the following: (1) Women affected by the 
“sexual revolution” are not yet old enough to have invasive sulvay carcinoma; (2) early diagnosis and 
treatment of in situ carcinoma have mitigated anticipated increases in invasive vulvar carcinoma incidence: 
(3) in situ and invasive carcinomas of the vulva have different etiologies, with the sexually transmitted 
human papillomavirus involved in the etiology of in situ carcinoma and other factors involved with most 
invasive squamous cell carcinoma. (AMJ OBSTET GYNECOL 1992;166:1482-5.) 


Key words: Vulvar cancer, incidence rates, time trends 


Cancer of the vulva is rare, with an average annual 
age-adjusted incidence rate for invasive disease in the 
United States of 1.6 per 100,0C0 women.’ Epiderrio- 
logic studies have shown that risk factors for vulvar 
cancer include multiple sexual partners, a prior infec- 
tion with genital warts, current cigarette smoking, end 
a prior abnormal cervical Papanicolaou smear.” * Since 
sexual behavior and smoking practices of women in the 
United States have changed dramatically over the last 
two decades,** an examination of recent trends in the 
incidence of vulvar cancer is of interest. 


Material and methods 


Cases of in situ and invasive squamous cell carcinoma 
of the vulva diagnosed between 1973 and 1987 were 
identified through nine populazion-based cancer regis- 
tries participating in the Surveillance, Epidemiology, 
and End Results (SEER) program: Atlanta, Detrcit, San 
Francisco—Oakland, Seattle—Puget Sound, Connecti- 
cut, lowa, New Mexico, Utah, and Hawaii. >° Althcugh 
not based on a probability sample, these geographic 
areas cover about 10% of the United States population. 
Mortality rates for the SEER program and the total 
United States are similar for many types of cancer and 
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were identical for vulvar cancer in 1973 to 1977 
(0.4/100,000 woman years).' 

In this analysis we examined cancer incidence for 
squamous cell tumors arising in the vulva, labia, and 
clitoris (International Classification of Diseases for On- 
cology topography codes 184.1 to 184.4), including car- 
cinomas not otherwise specified (International Classi- 
fication of Diseases for Oncology morphology codes 
8010, 8030, 8050 to 8081, 8123).’ The analysis was 
restricted to the 2948 in situ and 2346 invasive squa- 
mous cell tumors on the basis of the assumption that 
the etiology of vulvar cancer, like cancer of the cervix, 
differs according to histologic type.” Non-squamous- 
cell malignancies were excluded, accounting for 1% 
and 21.8% of all reported in situ and invasive cancers, 
respectively. The cell-type distribution of excluded in- 
vasive cancers was as follows: basal cell carcinoma 
(n = 205), Paget’s disease (n = 123), other and un- 
specified adenocarcinomas (n = 61), malignant mela- 
noma (n = 203), sarcomas (n = 34), and other or not 
specified types (n = 28). Population estimates for the 
calculation of incidence rates were provided by SEER 
program staff? and were generally based on data from 
the United States Census Bureau. 


Results 


The annual incidence of in situ vulvar carcinoma for 
all races combined nearly doubled from 1.1 to 2.1 per 
100,000 woman vears, during the period from 1973 to 
1976 and 1985 to 1987, surpassing the rate for invasive 
squamous cell carcinoma (Fig. 1). The largest propor- 
tional increase occurred among white women <35 
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years old, for whom the rate nearly tripled (Table I). - 


Increases were more modest among black women than 
among white women, with the rate not quite doubling 


among black women <35 years old. In situ rates among _ 
blacks of all ages were higher than those among whites _ 


before 1977, but the black-white differential has di- 
minished in more recent years. The peak in situ rate 
has shifted over time from women >54 years old to 
women aged 35 to 54. 

The invasive squamous cell carcinoma incidence for 
all races combined was relatively stable over 1973 to 
1976 and 1985 to 1987 (Fig. 1). Rates in each age group 
were also relatively steady, although among white 
women they tended to decline among those aged =55 
(Table I). Little racial difference was evident under 
age 35; rates were higher at ages 35 to 54 among blacks 
and at ages >54 among whites. In contrast to in situ 
rates, invasive rates increased steadily with age. It 


should be noted that some of the age-specific in situ | 


and invasive rates among blacks were based on small 
numbers of cases. 


Comment 


The incidence of in situ vulvar carcinoma nearly dou- 
bled between the period from 1973 to 1976 and 1985 
to 1987, with the rate among whites and younger 
women rising faster than the rate among blacks and 
older women. The increase for in situ carcinoma was 
not paralleled by an increase in invasive squamous cell 
carcinoma; its incidence was relatively steady over the 
same period. | 

We first considered whether the observed rise in the 
incidence of in situ carcinoma might be a data artifact 
resulting from changes in the classification system for 
vulvar intraepithelial cancer. Before 1984 lesions were 
divided into two broad categories: dysplasia (mild, 


moderate, and severe) and carcinoma in situ. Because ` 


of problems in reproducibly distinguishing severe dys- 
plasia from carcinoma in situ, it was proposed that these 
two lesions be combined into one category, grade 3 
vulvar intraepithelial neoplasia.’ This revision was 
widely but not universally adopted by pathologists in 
the United States. Over the time period examined in 
this study, however, eight of nine SEER registries did 
not include cases of grade 3 vulvar intraepithelial neo- 
plasia unless there was also specific mention of carci- 
noma in situ on the pathology report. Although one 
registry did include cases of grade 3 vulvar intra- 
epithelial neoplasia diagnosed between 1984 and 1987, 
this registry contributed <5% of the total number of 
in situ cases reported during this time period. Our find- 
ing that the increase in the incidence of in situ carci- 
noma began before 1983 and continued steadily 
through 1985 to 1987 also argues against the revised 
classification scheme being responsible for the observed 
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Fig. 1. Age-adjusted trends in squamous cell cancer of the 
vulva among all races combined {1970 vs standard). 


increase of in situ carcinoma. It is instead more likely 
that some in.situ carcinomas have been missed and that 
rates of in situ carcinoma after 1983 are an underes- 
timate of the true incidence of this condition. 

The diagnosis of preinvasive disease is complicated 
by its similarity in clinical appearance and symptoms to 
some benign diseases that are commonly seen in the 


vulva.” It has also been suggested that an increasing 


propensity to perform a biopsy on questionable lesions 
might account for the observed increase of in situ vulvar 
cancer.’* We have no data to examine temporal trends 
in the frequency of vulvar lesion biopsies. However, as 
the proportion of women who had ever had a Papa- 
nicolaou smear increased from 83% to 95% between 
1973 and 1987,” opportunities for examination of the 
vulva.in the absence of symptoms have undoubtedly 
increased over time. On the other hand, the greatest 
gains in Papanicolaou smear use have occurred among 
blacks and the elderly,” a pattern that does not readily 
account for the larger increases of in situ vulvar car- 
cinoma among whites and younger women. 

Although only a few epidemiologic studies of vulvar 


cancer have been conducted, a sexually related etiology 


is suspected in view of the increased risk associated with 
an increased number of lifetime sexual partners and a 
history of genital warts.” ? Over the past two decades 
changes have occurred in the sexual practices in the 
United States that might explain the increased inci- 
dence of in situ vulvar carcinoma. A study conducted 


‘in 1983 revealed that the mean number of lifetime 


sexual partners was 1.3 and 1.9 times higher among 
women <35 years old than among women =55 years 
old; among blacks and whites, respectively.* This is con- 
sistent with the larger proportional increase of in situ 
vulvar carcinoma among younger women than older 
women and with the larger relative increase among 
whites compared with blacks. 

In contrast, in spite of changes in sexual activity over 
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Table I. In situ vulvar cancer incidence by age, race, and time period in the nine SEER regions, 1973 


to 1987 





White women z 
1973-1976 68 0.3 153 


1977-1980 156 0.6 l 203 
1981-1984 179 0.6 331 
1985-1987 175 0.8 288 
Black women 
1973-1976 14 0.6 22 
1977-1980 24 0.7 27 
1981-1984 39 1.0 35 
1985-1987 29 0.9 43 





2.1 151 2.2 372 lA 
2.5 253 3.2 612 1.5 
4.0 286 3.4 796 1.9 
4.5 217 3.3 680 a 
3.1 16 Su 52 1.6 
3.1 9 1.4 60 1.4 
3.5 35 5.0 109 2.3 
5.6 14 2.4 86 2.3 


*Rate per 100,000 woman years, age adjusted within straza using 1970 versus standard. 


Table II. Invasive squamous vulvar cancer incidence by ‘age, race, and time period in the nine SEER 
regions, 1973 to 1987 





White women 


1973-1976 10 <0.1 

1977-1980 17 0.1 90 
1981-1984 17 0.1 89 
1985-1987 16 0.1 65 

Black women 

1973-1976 3 0.1 23 
1977-1980 l <0.]1 15 
1981-1984 5 0.1 13 
1985-1987 3 0.1 12 


All ages 






l.l 4il 5.4 506 13 
k2 461 5.2 568 1:3 
1.1 500 5.) 606 1.2 
1.1 371 4.8 452 | By 
x 21 4.5 47 ey 
1.9 28 4.4 44 k3 
1.4 19 2d 37 0.9 
1.8 20 3.4 35 p] 


*Rate per 100,000 woman years, age adjusted within strata using 1970 versus standard. 


the last two decades, the incidence of invasive squamous 
cell carcinoma of the vulva has not increased. The ap- 
parent inconsistency between the incidence of in situ 
and invasive carcinoma may be because the cohort of 
women affected by the sexual revolution has not yet 
reached the age when invasive vulvar carcinoma would 
develop. Another possible explanation could be that 
early diagnosis and treatment of in situ lesions have 
mitigated anticipated increases in invasive carcinoma 
incidence. Recent data, however, support another ex- 
planation. Studies of the effects of sexual behavior an 
risk have focused on the human papillomaviruses as a 
possible etiologic agent because vulvar carcinoma is of- 
ten associated with preexisting or coexisting condyloma 
acuminatum.''® More recently, specific human papil- 
_ lomavirus genotypes have been detected within invasive 
and in situ vulvar carcinomas. Preliminary virologic 
evidence reveals that the majority of invasive vulvar 
carcinomas are not associated with human papilloma- 
virus,'® whereas most in situ vulvar carcinomas are hu- 
man papillomavirus related," suggesting that these 


two conditions may be distinct etiologic entities. Studies 
showing that in situ vulvar cancer rarely progresses to 
invasive vulvar carcinoma’* also support the view that 
the majority of invasive vulvar squamous cell carcino- 
mas may be unrelated to in situ vulvar cancer, possibly. 
explaining why changes in sexual behavior are consis- 
tent with in situ but not invasive vulvar cancer trends. 
Some additional support for different etiologies of 
these lesions is derived from the epidemiologic finding 
that multiple sexual partners is a stronger risk factor 
for in situ than for invasive vulvar cancer,’ although 
this has not always been observed.’ 

Some interest has focused on the role of risk factors 
other than human papillomavirus in the etiology of 
vulvar cancer. Cigarette smoking has been shown to be 
a risk factor for both in situ and invasive vulvar 
cancer,” * with the excess risk largely restricted to cur- 
rent smokers. Since the prevalence of current cigarette 
smoking declined slightly between 1973 and 1987 
among women between 20 and 64 years old and re- 
mained steady among women 265 years old,* temporal 


Volume 166 
Number 5 


changes in cigarette smoking are not consistent. with 
the observed increase in the incidence of in situ vulvar 
cancer. Smoking also explains little of the incidence 
trends in invasive vulvar cancer, which were stable ex- 
cept for among women =55 years old. 

Two possible but as yet unconfirmed risk factors for 
in situ vulvar cancer are the use of oral contraceptives 
and exogenous estrogens in combination with proges- 
terone.** The cohort of women maximally exposed to 
oral contraceptives were in their 20s in the 1960s, 30s 
in the 1970s, and 40s in the 1980s. Women between 
35 and 54 years old in the 1980s were more likely to 
have been previously exposed to oral contraceptives 
than women in this same age group in the 1970s, con- 
sistent with the increasing trend in the incidence of in 
situ vulvar cancer among women between 35 and 54 
years old. However, few women >55 years old during 
the period of this study were ever exposed to oral con- 
traceptives. Thus oral contraceptive use most likely can- 
not explain the increasing trend in the incidence of in 
situ vulvar cancer among older women. The increasing 
incidence among young women also contrasts with the 
declining prevalence of oral contraceptive use among 
women <35 years old from the 1970s to the 1980s. 

The prescribing of a progestin along with estrogen 
for menopausal women was uncommon before the 
mid-1980s.”* Because its use has risen substantially since 
then, the future experience of older women with re- 
spect to in situ vulvar cancer should be monitored. 

In summary, we have confirmed using population- 
based data several clinical reports that the incidence of 
in situ carcinoma of the vulva is increasing.” Some 
of the increase may be due to heightened awareness of 
this entity over time. However, it 1s more likely that 
changes in sexual behavior have been responsible for 
the observed increases. This interpretation is supported 
by studies that have found human papillomavirus de- 
oxyribonucleic acid in a high proportion of vulvar car- 
cinoma in situ lesions. Contrary to expectation, there 
has been no parallel increase in the incidence of invasive 
squamous cell carcinoma. A possible explanation for 
this discordance is that in situ and invasive vulvar cancer 
have different etiologies, as suggested by recent patho- 
logic and virologic studies that have implicated human 
papillomavirus in the development of most vulvar 
carcinomas in situ” but not in most invasive carci- 
nomas.'**° 
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Comprehensive fetal assessment with three 


ultrasonographic characteristics 


David K. James, MD, Michael J. Parker, MD, and John S. Smoleniec, MB 


Bristol, England | 


OBJECTIVES: When three ultrasonographic characteristics umbilical artery Doppler recording, growth 
(abdominal circumference), and biophysical profile score—are used in combination in assessment of 
fetuses at risk: of chronic asphyxia; (1) What are the order and time scale for the development of 
abnormality with each characteristic? (2) What is the short-:erm outcome associated with abnormalities of 
the three characteristics? (3) Should we amend our fetal assessment protocol? 

STUDY DESIGN: An audit of 103 fetuses (100 mothers) referred to a tertiary center for fetal assessment 
because of suspected chronic fetal asphyxia was performed with three ultrasonographic characteristics, 
umbilical artery Doppler recording, measurement of abdom nal circumference, and documenting the 


biophysical profile score. 


RESULTS: The order of deterioration (which had a very variable time scale) was umbilical artery Doppler 
recording, followed by abdominal circumference and finally biophysical profile score. Normal characteristics 
or an abnormal umbilical artery Doppler recording alone or an abnormal abdominal circumference alone 
was associated with an excellent prognosis. The worst outcome was found in the 28 fetuses with 


abnormality of all three ultrasonographic features before delivery. 


CONCLUSIONS: The main suggested implications for management are avoidance of preterm delivery with 
normal ultrasonographic characteristics, an abnormal umbi ical artery Doppler récording alone, or an 
abnormal abdominal circumference alone; delivery of fetus2s at =34 weeks with abnormal umbilical artery 
Doppler recording and abdominal circumference before the biophysical profile score becomes abnormal; 
and implementation of specific measures to prevent necrofzing enterocclitis in newborns when all three 
characteristics are abnormal. (Am J OBsTET GYNECOL 1992;166:1486-95.) 


Key words: Fetal assessment, umbilical artery Dopoler, fetal growth, biophysical profile score 


Ultrasonography is used to assess the fetus at risk for 
chronic asphyxia.’ The three characteristics studied 
and used in clinical practice are umbilical artery Dopp- 
ler recordings,” measurements of fetal size,? and bio- 
physical measurements such as the nonstress test 
(NST) or the biophysical profile score.’ Abnormalities 
of umbilical artery Doppler recording and fetal growth 
are both associated with poor fetal outcome®’; however, 
they are pronen affected relatively early in the patho- 
logic process.® In contrast, abnormalities of biophysical 
measurements (NST or biophysical profile score) prob- 
ably occur relatively late and reflect the degree of im- 
minent fetal risk. The clinical dilemma faced in such 
cases is when to deliver. Elective delivery when the am- 
bilical artery Doppler recording or growth is abnormal 
may be unnecessarily premature; many of the problems 


of such babies after birth are related to preterm delivery _ 


rather than the asphyxial process directly.® ° Con- 
versely, leaving the fetus in utero until the biophysical 
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profile score is abnormal may put the fetus at an in- 
creased risk. 

Over the past 3 years we have followed an agreed 
protocol of fetal assessment in such cases, using all three 


‘ultrasonographic characteristics. The aims of this audit 


of our 3-year experience with this approach were: (1) 
to determine the order in which the three ultrasono- 
graphic characteristics become abnormal, (2) to docu- 
ment the short-term outcome, (3) to establish the vari- 
ation in time scale of deterioration of the three char- 
acteristics, and (4) to amend, if necessary, our fetal 
assessment protocol. 


Patients and methods 


Since October 1987 patients referred to the Fetal 
Assessment Unit in Bristol with suspected chronic fetal 
asphyxia have had fetal assessment in accordance with 
an accepted protocol. At the first assessment structural 
abnormality is excluded by ultrasonography, circum- 
ferences of the fetal head and abdomen, are measured, 
umbilical artery Doppler recording is recorded, and 
biophysical profile score is obtained.” 

Scoring for each of the five components of the bio- 


. physical profile score is in accordance with the original 


system used by Manning et al., namely, score of 2 each 
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in a 30-minute observation for (1} one episode of fetal 
breathing of 30 seconds, (2) three or more discrete body 
or limb movements, (3) one episode of limb flexion- 
extension-flexion (tone), and (4) visualization of one or 
more amniotic fluid pockets measuring 10 mm in two 
perpendicular planes. 

If the fetus is very small or has a structural abnor- 
mality, fetal karyotyping is also performed. If the fetus 
is structurally normal, the frequency of subsequent as- 
sessments depends on the umbilical artery Doppler 
recording and the head and abdominal circumference 
values. If these values are normal, umbilical artery 
Doppler recording and biophysical profile score are 
recorded weekly and growth is measured every 2 weeks. 
However, if the umbilical artery Doppler recording is 
abnormal (defined as a pulsatility index >2 SD above 
the mean for gestation,” absent end-diastolic record- 
ing, or reverse flow in diastole) or the size or growth is 
abnormal (defined as an abdominal circumference 
measurement <2 SD below the mean for gestation," 


umbilical artery Doppler recording and biophysical _ 


profile score are recorded at least twice weekly and 
growth is measured every 2 weeks. The decision to 
deliver is taken by the consultant unit in charge of the 
case on the basis of both maternal and fetal condition. 
However, it is the policy of the Fetal Assessment Unit 
to advise delivery if the biophysical profile score is <8 
to 10 on extended testing over 1 hour. In this 3-year 
audit (Oct. 1, 1987, to Sept. 30, 1990) the indications 
for referral and delivery were noted in each case. Peri- 
natal outcome in terms of mortality and morbidity up 
to 4 weeks of age were recorded. 

Statistical analysis was undertaken with nonpara- 
metric methods, x’? with Yates’ correction for compar- 
ison of frequencies and Mann-Whitney U for compar- 
ison of medians. The level of statistical significance used 
in the study was p < 0.05. 


Results 


During the 3-year period 100 women had suspected 
chronic fetal asphyxia and were referred for fetal as- 
sessment. The indications were hypertension alone (40 
patients), clinically diagnosed small for gestational age 
(SGA) alone (25 patients), hypertension and SGA (32 
patients), and twins (three patients). | 

Ultrasonographic characteristics 

Ab referral and subsequent progress. At referral the 103 
fetuses could be subdivided into five subgroups ac- 
cording to the initial ultrasonographic characteristics. 

GROUP A’: HYPERTENSION ALONE WITH NORMAL UL- 
‘TRASONOGRAPHY (UMBILICAL ARTERY DOPPLER RECORD- 
ING, ABDOMINAL CIRCUMFERENCE, AND BIOPHYSICAL 
PROFILE SCORE). There were initially 25 fetuses in this 
group. The median amniotic fluid volume was 32 mm 
(range 23 to 59 mm). Twenty-three continued with nor- 
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mal ultrasonographic features until delivery. The me- 
dian referral-to-delivery interval for these 23 fetuses 
was | day (range 1 to 32). Two fetuses (8%) had elevated 
pulsatility index values 9 and 12 days after referral, 
respectively. 

GROUP B’: LOW ABDOMINAL CIRCUMFERENCE MEA- 
SUREMENT ONLY. All 16 fetuses in this group persisted 
with a low abdominal circumference as the only ultra- 
sonographic abnormality until delivery. The median 
amniotic fluid volume was 29 mm (range 17 to 36 mm) 
and was <20 mm in only one case (17 mm). In all cases 
where repeated measurements were made, the abdom- 
inal circumference growth paralleled the expected nor- 
mal growth trajectory but at <2 SD below the mean. 
The median referral-to-delivery interval for these 16 
fetuses was 10 days (range I to 51). 

GROUP C’: ABNORMAL UMBILICAL ARTERY DOPPLER 
RECORDING ONLY. The median amniotic fluid volume of 
the 20 fetuses initially in this group was 31 mm (range 
29 to 40 mm). Twelve (60%) had elevated pulsatility 
index values as the initial Doppler abnormality, and 
eight (40%) had absent end-diastolic recording. In ad- 
dition, two fetuses from the initial subgroup A’ hyper- 
tension alone had elevated pulsatility index values (see 
above); thus there were 22 fetuses with abnormal um- 
bilical artery Doppler recording alone either at referral 
or subsequently. Seven of these 22 fetuses (31.8%) (all 
with elevated pulsatility index values and including the 
two from the hypertension subgroup A’) manifested 
no other ultrasonographic abnormality until delivery, 
which was 7 days later (median) (range 1 to 34 days). 
The remaining 15 fetuses (68.2%) subsequently man- 
ifested poor growth with the abdominal circumference 
measurements falling to <2 SD below the mean 21 days 
later (median) (range 14 to 56 days). Of these 15 fetuses 
with abnormal umbilical artery Doppler recording and 
low abdominal circumference, 13 (86.7%) manifested 
no other ultrasonographic abnormality until delivery. 
The median interval between development of a low 
abdominal circumference and delivery was 1 day (range 
1 to 23 days). The other two fetuses (13.3%) subse- 
quently had an abnormal biophysical profile score 3 
and 7 days, respectively, from the time a low abdominal 
circumference was manifested. They were both deliv- 
ered within 1 hour of the abnormal biophysical profile 
Score. 

GROUP D’: ABNORMAL UMBILICAL ARTERY DOPP- 
LER RECORDING AND LOW ABDOMINAL CIRCUMFERENCE. 
There were initially 33 fetuses in group D’. The median 
amniotic fluid volume of the group was 33 mm (range 
20 to 78 mm). Fourteen of these (42.4%) had elevated 
pulsatility index as the Doppler abnormality and 19 
(57.6%) had absent end-diastolic recording. Sixteen fe- 
tuses (48.5%) (10 with elevated pulsatility index and six 
with absent end-diastolic recording) did not have any 
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Table I. General characteristics of final five fetal susgroups referred for assessment 















A: All 







ultrasonography B: Low 
normal abdo-ninal 
(hypertension circumference 






alone) (n = 23) 
Characteristic 


First pregnancy 


Age 
20 yr 3 13.0 2 
20-29 yr 13 56.5 13 
30-39 yr 7 30.5 l 
Indication for referral 
Hypertension* 22 100 l 
SGAt i G 10 
Hypertension and SGA Q l 
Multiple pregnancy 0 4 
Other problems 
Antepartum hemor- 2 8.7 l 
rhage 
Diabetes 2 8.7 0 
Previous hypertension— ] 4.4 4 
SGA 
Essential hypertension 2 8.7 0 
Alcohol abuse 0) ] 


*Sustained diastolic blood pressure =90 mm Hg. 
Birth weight <2 SD below mean for sex and gestation. 


other ultrasonographic abnormality until delivery, 
which was 2 days later (median) (range 1 to 33 deys). 
However, 17 (51.5%) (four with elevated pulsatility in- 
dex and 13 with absent end-diastolic recording) sub- 
sequently manifested an abnormal biophysical profile 
score after a further 7 days (median) (range 1 to 26 
days) and were delivered within 1 hour of the bio- 
physical profile score. 

GROUP E': ABNORMAL UMBILICAL ARTERY DOPPLER 
RECORDING, LOW ABDOMINAL CIRCUMFERENCE, AND BIO- 
PHYSICAL PROFILE SCORE <8/10. The median amniotic 
fluid volume in the group was 30 mm (range 12 to 90 
mm), with the value being <20 mm in five of the aine 
cases. Seven fetuses had absent end-diastolic recording 
and two had reverse flow as the Doppler abnormal.ties. 
Seven of these fetuses (77.8%) were delivered within 1 
hour. The eighth fetus was discovered to have trisomy 
18 after a fetal karyotype determination was performed 
on placental biopsy material. Labor was induced, and 
vaginal delivery of a stillborn infant followed. In the 
final case, referred at 31 weeks, the fetus was consid- 
ered to be too small for survival by the unit in charge 
of the case, and the decision was made not to per-orm 
an emergency cesarean section. Fetal death occurred 
within 48 hours, labor was induced, and a 750 gm Fetus 
was delivered vaginally. 

Immediately before delivery. The 103 fetuses were di- 


(n = 16) 


6.3 






` Subgroup 









D: Umbilical E: Umbilical artery 










artery Doppler Doppler recording 
C: Umbilical recording abnormal pius low 
artery Doppler abnormal plus abdominal 
recording low abdominal circumference plus 
abnormal circumference biophysical profile score 





(n = 7) (n = 29) <E (n = 28) 
22 78.6 
0 5 17.2 3 10.7 
5 71.4 19 65.5 15 53.6 
2 28.6 5 Lies 10 35.7 
4 57.1 1] 37.9 l 3.6 
] 14.3 8 27.6 6 21.4 
0 10 34.5 21 75.0 
2 28,6 0 0 
0 2 6.9 ] 3.6 
l 14.3 ] 3.5 l 3.6 
2 28.6 4 » 138 l 3.6 
0 4 13.8 2 7.1 
0 0 ». 0 


vided into five subgroups according to the final ultra- 
sonographic characteristics immediately before de- 
livery. i 

GROUP A: NORMAL ULTRASONOGRAPHY (UMBILICAL 
ARTERY DOPPLER RECORDING, ABDOMINAL CIRCUMFER- 
ENCE, AND BIOPHYSICAL PROFILE SCORE) (HYPERTENSION 
ALONE) (23 FETUSES). The median number of assess- 
ments performed in this group was one (range one to 
seven). The median amniotic fluid volume of the group 
before delivery was 32 mm (range 23 to 59 mm). 

GROUP B: LOW ABDOMINAL CIRCUMFERENCE MEASURE- 
MENT ONLY (16 FETUSES). The median number of as- 
sessments performed in this group was two (range 
one to six). The median amniotic fluid volume of 
the group before delivery was 29 mm (range 19 to 
40 mm) with the volume being <20 mm in only one 
case (19 mm). 

GROUP C: ABNORMAL UMBILICAL ARTERY DOPPLER 
RECORDING (SEVEN FETUSES). The median number of 
assessments performed in this group was one (range 
one to ten). The median amniotic fluid volume of 
the group before delivery was 31 mm (range 30 to 
40 mm). 

GROUP D: ABNORMAL UMBILICAL ARTERY DOPPLER 
RECORDING AND LOW ABDOMINAL CIRCUMFERENCE (29 
FETUSES). The median number of assessments per- 
formed in this group was three (range one to 11). The 
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Table II. Obstetric characteristics of final five fetal subgroups at referral and delivery 





Subgroup 
E: Umbilical 
D: Umbilical artery Doppler 
artery recording 
C: Doppler abnormal plus 
A: All Umbilical recording low abdominal 
ultrasonography artery abnormal circumference 
normal Doppler plus ‘ow plus 
(nypertension B: Low abdominal recording abdominal biophysical 
alone) circumference abnormal circumference profile score 
Characteristic (n = 23) (n = 16) (n = 7) (n = 29) <8 (n = 28) 
Gestational age (wk, me- 
dian and range) 
At referral 36 (28-40) 36 (31-39) 36 (28-39) 32 (26-39) 31 (25-36)* 
At delivery 37 (29-40) 38 (35-41) 38 (34-40) 36 (28-40) 32.5 (26-39)7 
Hypertension (No. and %) 
At referral 23 (100) 2 (12.5) 5 (71.4) 20 (69.0) 21 (75.0) 
At delivery 23 (100) 3 (18.8) 6 (85.7) 22 (75.9) 22 (78.6) 
Proteinuria (No. and %) i 
At referral 13 (56.5) 0 lL (14.3) 9 (31.0) 16 (57.1) 
At delivery 19 (82.6) 0 2 (28.6) 11 (37.9) 18 (64.3) 


Hypertension is sustained diastolic blood pressure =90 mm Hg. Proteinuria is persistent value of 1+ or >500 mg/L. 


*A+B+CvsD + E, p< 0.001; D vs E, not significant. 


fA + B+ Cvs D, p< 0.0001; A + B +C vs E, p< 0.0001; D vs E, p < 0.001. 


median amniotic fluid volume of the group before de- 
livery was 30 mm (range 11 to 75 mm) with the volume 
being <20 mm in five cases. 

GROUP E: ABNORMAL UMBILICAL ARTERY DOPPLER 
RECORDING, LOW ABDOMINAL CIRCUMFERENCE, AND 
BIOPHYSICAL PROFILE SCORE <8/10 (28 FETUSES). The me- 
dian number of assessments performed in this group 
was two (range one to 15). The median amniotic fluid 
volume of the group before'delivery was 20 mm (range 
5 to 90 mm) with the volume being <20 mm in 10 cases 
and <10 mm in only one case (5 mm). 

Of the 28 fetuses with failure to achieve a normal 
biophysical profile score of 8/10 or 10/10, 25 (89.3%) 
failed to score on the NST -cardiotocograph, 23 
(82.1%) on fetal breathing, 19 (67.9%) on fetal tone, 
13 (46.4%) on fetal movement, and only one fetus 
(3.6%) had an amniotic fluid volume <10 mm. 

Dexamethasone was given in six cases before deliv- 
ery, three each from the final subgroups D and E. 

Obstetric details. The general characteristics of the 
final five subgroups are summarized in Table I. When 
the indication for referral was hypertension alone, the 
likelihood of a fetus manifesting an abnormal bio- 
physical profile score at referral or subsequently was 
only 2.5% (one of 40). The risks of an abnormal bio- 
physical profile score in women referred for SGA alone 
or SGA and hypertension were 24% (six of 25) and 
65.6% (21 of 32), respectively. 

The obstetric characteristics of the final five 
subgroups at referral and deliverv are summarized in 
Table II. The median gestation at referral for groups 
D and E (32 weeks) was significantly lower than that of 


groups A, B, and C (36 weeks) (p < 0.0001). There was 
no: significant difference between groups D and E in 
gestation at referral; however, at delivery the median 
gestation of group D (36 weeks) was significantly 
greater than that of group E (32.5 weeks) (p < 0.001). 

The delivery details of the final five subgroups are 
summarized in Table III. There was a high cesarean 
section rate for all five subgroups (the overall rate for 
the hospital was 10.2% in 1990). Seven of the 28 fetuses 
with an abnormal biophysical profile score (group E) 
(25%) had labor induced. In addition, four of the seven 
(57.1%) were delivered vaginally. Only 14 babies from 
group E had cord pH estimation at birth, but eight 
(57.1%) had a pH of 27.25. 

Fetal karyotype. Ten fetuses (9.7%) (one in group D 
and nine in group E) had chromosome analysis (nine 
by placental biopsy and one by fetal blood sampling) 
after referral. One of the 10 was abnormal (trisomy 
18). One baby from group E was discovered to have 
trisomy 18 after birth. Two more patients had karyo- 
typing because of maternal age in the first half of preg- 
nancy. The two cases of chromosomal abnormality were 
associated with large amniotic fluid volumes (75 and 90 
mm, respectively). 

Fetal outcome. The outcome of the five groups is 
summarized in Tables IV and V. All seven deaths oc- 
curred in group E. Two were fetal deaths in utero, one 
with trisomy 18 (31 weeks, 860 gm) and one normal 
fetus where the clinical decision was taken not to deliver 
the fetus (31 weeks, 750 gm). There were two first- 
week deaths. The first (29 weeks, 550 gm) was a sudden 
death caused by a large intraventricular hemorrhage 
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Table HI. Delivery details of final five fetal subgroups 
| | Subgroup 


A: All’ _ E: Umbilical artery 
ultrasonography ; i D: Umbilical artery Doppler recording 
normal Doppler recording abnormal plus low 
(hypertension ; , abnormal plus low abdominal circumference 
alone) B: Low abdominal 
(m= 23) 


C: Umbilical artery 
Doppler recording | abdominal circumference | plus biophysical profile 





Characteristic circumference {n = 16) | abnormal (n = 7) (n = 29) score <& {n = 28) 


Indication for de- 
livery (No. and 


%) | 
Fetal 0 0 0 0 27 (100) 
Maternal . 15 (65.2) 0 ] (14.3) 10 (34.5) 0 
Maturity 4 (17.4) 13 (81.2) 4 (57.1) 16 (55.2) 0 
Spontaneous 4 (17,4) 3 (18. j 2 (28.6) 3 (10.3) 0 

Labor onset (No. 
and %) ; 

Induced , 13 (56.5) 6 (37.5) 3 (42.8) 10 (34.5) 7 (25.0) 
Spontaneous 4 (17.4) 3 (18.8) 2 (28.6) 3 (10.3) 0 
Elective cesar- 6 (26.1) 7 (43.7) 2 (28.6) 16 (55.2) 21 (75.0) 
ean section l 
Intrapartum car- 11 (64.7) IOLI 2 (40.0) 9 (69.2) 7 (100) 
. diotocogram 
abnormal (No. 
and %*) , 5 : 

Low cord pH 1/2 (50.0) 0/1 (0.0) 0/0 (0.0: 1/5 (20.0) 8/14 (57.1) 
(No. and %) 

Delivery by cesar- 3 (42:9) 20 (69.0) 25 (89.3) 


9 (39.1) 10 (62.5) 
ean section is 


(No. and %) - 


Indication for deliverv: fetal, the zetal condition (biophysical profile score <8/10); maternal, the maternal condition (uncon- 
trollable hypertension, symptoms, renal compromise, liver enzyme abnormality, or clotting disturbance); maturity, the pregnancy 
had reached a gestation where the risks from preterm delivery were considered small; spontaneous, spontaneous onset of labor. 


*Values in parentheses represent percent of those.in labor. 


Number of those tested with low values per total number tested. 


i 


with no respiratory distress on the second day of fife. 
The second case (32 weeks, 1230 gm) was a baby w:-th 
trisomy 18 who died on the second day; karyotyping 
was not possible because the fetus was seen on a week- 
end with abnormality .of all three ultrasonographic 
characteristics. An emergency cesarean section was per- 
formed. Two babies died of necrotizing enterocolitis at 
10 days (35 weeks, 1780 gm) and 16 days (29 weeks, 
670 gm), respectively. The final death occurred at 10 
days (27 weeks, 660 gm) from severe respiratory dis- 
tress syndrome and extensive intraventricular hemor- 
rhage. 

Most of the neonatal morbidity was found i in groups 
D and E. Furthermore, in view‘cf the higher incidence 
of preterm delivery i in group E, it is not surprising that 
babies from group E had more neonatal problems, 
compared with those from group D. 

The differences in outcome between groups D and 
E could be due to the effects of preterm delivery rather 
than the abnormal biophysical >rofile score. Further- 
more, nine of the fetuses in group E had an abnormal 
biophysical profile score and thus did not necessarily 
reflect any consequences of a clinical decision to wait 
for the biophysical profile score to become abnormal. 


Thus we compared the outcome of 14 normal fetuses 
from group E, with initially abnormal umbilical artery 
Doppler recording and low abdominal circumference 
alone who subsequently had an abnormal biophysical 
profile score, with those of a matched cohort of 14 
fetuses from group D, who were delivered at the same 
gestational age but who never manifested an abnormal 
biophysical profile score. The outcomes are compared 
in Table VI. In spite of the matched gestations there 
were still more complications in group E. Severe com- 
plications exclusively found in this group were those 
that caused the two deaths, respiratory distress syn- 
drome complicated by air leaks and bronchopulmonary 
dysplasia, intraventricular hemorrhage, neurologic ab- 
normalities, and necrotizing enterocolitis. Although ba- 
bies in group E had a higher incidence of respiratory 
distress syndrome alone and jaundice and a lower in- 
cidence of no problems, none of these differences were 
statistically significant. 


Comment 

Fetal blood gas values and acid-base status are ab- 
normal in chronic fetal asphyxia, but recent work has 
suggested that measurement of these criteria obtained 
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Table IV. Outcome of final five fetal subgroups: Part I 


Characteristic 


Subgroup | 






























AL All 















E: Umbilical artery 
ultrasonography C: Umbilical D: Umbilical artery Doppler recording 
normal artery Doppler Doppler recording abnormal plus low 
(hypertension ` l recording abnormal plus low | abdominal circumference 
alone) B: Low abdominal abnormal abdeminal circumference | plus biophysical profile 
circumference (n = 16) (n = 7) (n = 29) score <8 (n = 28) 


(n = 23) 


Survival (No. and %) 
7 (100) 


Survived 4 wk 23 (100) 16 (100) 29 (100) 21 (75.0) 
Neonatal death in 3 (10.8) 
2-4 wk 
Neonatal death in 2 (7.1) 
l] wk 
Fetal death in 2 (7.1) 
utero . 
Preterm (No. and %) 8 (34.8) 5 (31.3) 3 (42.9) 20 (69.0) 25 (89.3)* 
SGA 0 16 (100) 0 29 (100) 28 (100) 
Apgar score <7 at 5 ~ 2 (8.7) 0 0 7 (24.1) 11 (39.3)+ 
min (No. and %) 
Intermittent positive- 3 (13.0) E (6.3) | 0 8 (27.6) 19 (67.9) 


pressure breathing 
at birth (No. and . 
%) 


SGA, <2 SD below mean birth weight for gestation and sex. 

*A + B+CvsD,p<0.01;A +B + Cvs, p< 0.0005; D vs E, not significant. 
tA + B +C vs D, p < 0.05; A + B+ Cvs E, p< 0.0005; D vs E, not significant. 
$A + B + Cvs D, p = 0.06; A + B. + Cvs E, p < 0.0001; D vs E, p < 0.005. 


by potentially hazardous invasive procedures does not 
provide an accurate guide to prognosis? That work 
demonstrated that the gestional age at delivery was the 
most important prognostic factor. Unanswered ques- 
tions therefore remain. With chronic fetal asphyxia is 
it better to “buy time” by avoiding preterm delivery and 
allowing the opportunity for steroid therapy,'° or is this 
approach associated with additional risk if the asphyxial 
process progresses too far in utero? Are there other 
ways to evaluate fetal risk? We believe the current audit 
starts to provide answers to these questions. . 

From our study we would suggest that there is a set 
deterioration of ultrasonographic characteristics in the 
fetus exposed to chronic asphyxia. First, the umbilical 
artery Doppler recording becomes abnormal, then fetal 


growth is demonstrably retarded, and finally the bio- - 


physical profile score becomes abnormal. There are two 
arguments to support this suggestion. First, an abnor- 
mal biophysical profile score was never encountered 


without an abnormal umbilical artery Doppler record- 


ing and low abdominal circumference, and an abnor- 
mal biophysical profile score and a low abdominal cir- 
cumference were never found without an abnormal 
umbilical artery Doppler recording, yet an abnormal 
umbilical artery Doppler recording could be found in 


isolation. Second, progressive deterioration in the ul- 


trasonographic characteristics in the suggested order 
was found in practice: 15 of 22 fetuses with an abnor- 
mal umbilical artery Doppler recording subsequently 


manifested a low abdominal circumference and two of 
these 15 eventually also had an abnormal biophysical 
profile score; 17 of 33 fetuses with an abnormal um- 
bilical artery Doppler recording and low abdominal cir- 
cumference subsequently had an abnormal biophysical 
profile score. The time scale of this deterioration was 
extremely variable, which further complicates manage- 
ment. In addition to the suggested order of deterio- 
ration of the three ultrasonographic characteristics, we 
speculate that when the biophysical profile scores be- 
comes abnormal it also does so in a set order, with the 
NST and fetal breathing being early signs to be lost, 
then fetal movement and fetal tone.” Because fetal 
breathing is periodic, the deterioration of the NST 
may be the more valuable early warning sign. In our 
experience severe oligohydramnios with an amniotic 
fluid volume <10 mm was a relatively rare and pre- 
sumably late occurrence. This is at variance with the 
findings of some other workers,” although some of this 
apparent discrepancy may be explained by differences 
in definitions of oligohydramnios. For example, five 
cases in group D and 10 cases in group E had amniotic 
fluid pools that were between 10 to 19 mm (inclusive). 
However, we would contend that severe reduction in 
volume might be a late event because the incidence of 
renal failure in such babies after birth is relatively rare 
(Tables IV and V). Although moderate oligohydram- 
nios (amniotic fluid volume 10 to 19 mm) reflects the 
severity of the intrauterine pathologic condition, we are 
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Table V. Outcome of final five fetal subgroups: Par: II 


















A: All 
ultrasonography 
normal 
(hypertension 
alone) B: Low abdominal 
Neonatal problem (n = 23, circumference (n = 16) 
Respiratory distress 2 (8.7) 3 (18.8) 
syndrome . 
Intermittent positive- 2 (8.7) 0 
pressure breathing 
Air leaks » 0 0 
Patent ductus arter- oe |, 0 
iOSUS : 
Transient tachypnea 2 (8.7) 0 
of newborn 
Bronchopulmonary 0 0 
dysplasia p 
Polycythemia 1 (4.4) 1 (6.3) 
Low platelets 0 0 
Anemia 0 0 
Sepsis 1 (4.4) 0 
Intraventricular hem- 0 0 
orrhage 
Neurologic 0 0 
Necrotizing enteroco- 0 0 
litis 
Jaundice 6 (26.1) 0 
Hypoglycemia 2 (8.7) 0 
Feeding problems 0 0 
Talipes = 0 1 (6.3) 
Inguinal hernia 0 0 
Nevus i 0 0 
Hypospadias 0 0 
No problems 13 (56.5) -Il (68.8) 


Values are numbers and percents. 

*Not significant. 

fA+B+CvsD+ E,p<0.05; D vs E, not significant. 
A + B + Cvs D +E, p< 0.005; D vs E, not significant. 
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Subgroup 







E: Umbilical artery 







C: Umbilical D: Umbilical artery Doppler recording 

artery Doppler Doppler recording abnormal plus low 
recording abnormal plus low | abdominal circumference 
abnormal  |abdominal circumference | plus biophysical profile 





{n = 7) (n = 29) score <8 (n = 28) 
0 5 (17.2) 8 (28.6)* 
0 3 (10.4) 8 (28.6)t 
0 0 2 (7.1) 
0 2 (6.9) 1 (3.6) 
0 1 (3.5) 0 
0 0 3 (10.7) 
0 4 (13.8) 4 (14.3)* 
0 2 (6.9) 3 (10.7)* 
0 0 3 (10.7) 
0 5 (17.2) 3 (10.7)+ 
0 1 (3.5) 3 (10.7) 
0 0 9 (7.1) 
0 0 3 (10.7) 
0 10 (34.5) 13 (46.4)t 
1 (14.3) 5 (17.2) 5 (17.9)* 
0 4 (13.8) 3 (10.7) 
0 1 (3.5) 0 
0 0 9 (7.1) 
0 0 9 (7.1) 
0 0 1 (3.6) 
6 (85 3 (10.7)§ 


7) 11 (37.9) 


$A + B + C vs D, p < 0.05; A + 5 +C vs E, p < 0.0005; D vs E, p < 0.05. 


of the opinion that severe oligohydramnios (amniotic 
fluid volume <10 mm) should remain our definition 
of choice for the biophysical proñle score. Adopting a 
definition of <20 mm is likely to increase the incidenze 
of abnormal biophysical profile score and, in turn, the 
incidence of preterm deliveries, with a major effect on 
outcome (Tables IV, V, and VI). The use of the three 
characteristics in combination appeared to provide a 
useful guide to fetal risk. If all three were normal or 
“if an abnormal umbilical artery Doppler recording 
alone or a low abdominal circumference alone were the 
only abnormality (groups A, B, and C), the prognosis 
for the fetus was excellent. The majority of the mcr- 
tality and morbidity was found in groups D and E, wiih 
group E fetuses tending to have the worse prognosis 
of the two groups. However, the question of whether 
this difference in outcome between groups D and E is 


due to a more advanced asphyxial process in utero (as 
indicated by the development of an abnormal bio- 
physical profile score) in addition to the differences in 
preterm delivery rates is not fully resolved by this re- 
view. We would argue that there is some evidence of 
an effect from a more advanced asphyxial process in 
group E in that in the cohorts of fetuses from groups 
D and E matched for gestation, the severe complica- 
tions (those leading to death—respiratory distress syn- 
drome resulting in bronchopulmonary dysplasia, in- 


traventricular hemorrhage, necrotizing enterocolitis, 


and neurologic abnormality) were exclusively found in 
group E (Table VI). Nevertheless, the incidence of 
other complications was not statistically different in 
group E. Recruitment of large numbers is required for 
clarification of this issue. 

From our experience we would suggest modifications 
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Table VI. Fetal outcome of matched cohort with and without abnormal biophysical profile score 


D: Umbilical artery Doppler recording 


‘abnormal plus low abdominal 
circumference (n = 14) 


Characteristic 





Subgroup 


E: Umbilical artery Doppler recording 
abnormal plus low abdominal 
circumference plus biophysical profile 
score <8 {n = 14) 


Gestation at delivery (median and range) 
Preterm (No.) 


Survived 4 wk 
Deaths 


Intermittent positive-pressure breathing 
at birth 
Apgar score <7 at 5 min 


Respiratory distress syndrome 
Intermittent positive-pressure breathing 
Air leaks 

Patent ductus arteriosus 
Bronchopulmonary dysplasia 


Polycythemia 

Low platelets 

Anemia 

Sepsis 

Intraventricular hemorrhage 
~ Neurologic 

Necrotizing enterocolitis 


Jaundice 
Hypoglycemia 
Feeding problems 
No problems 


35 (27-39) 
a 


35 (27-39) 
] 


14 100%) 
, 2 
4 (28.6%) 10 (71.4%) 
2 (14.3%) 3 (21.4%) 
3 (21.4%) 5 (35.7%) 
2 (14.3%) 2 (14.3%) 
0 1 (7.1%) 
2 (14.3%) 0 
0 2 4.3%) 
1 (7.1%) 1 (7.1%) 
1 (7.1%) 1 (7:1%) - 
0 3 (21.4%) 
2 (14.3%) 2 (14.3%) 
0. 2 (14.3%) 
0 2 (14.3%) 
0 2 (14.3%) 
4 (28.6%) 9 (64.3%) 
3 (21.4%) 4 (28.6%) 
2 (14.3%) 2 (14.3%) 
6 (42.9%) 3 (21.4%) 


None of the differences is statistically significant. 


*First death: 35-week, 1780 gm infant, at 10 days, of necrotizing enterocolitis. Second death: 27-week, 660 gm infant, at 10 
days, of respiratory distress syndrome and intraventricular hemorrhage. 


to our fetal assessment protocol for pregnancies re- 
ferred to the Fetal Assessment Unit because of hyper- 
tension or SGA. 

Hypertension alone and normal ultrasonographic 
characteristics. There is a small risk (8%) of these fe- 


tuses having a raised pulsatility index at 9 to 12 days _ 


after presentation. The severity of the maternal con- 
dition is likely to be the indication for delivery. ‘The 
fetal prognosis is very good with the main risk being 
preterm delivery. We consider that the aims of man- 
agement should be, first, to control the maternal blood 
pressure to prolong the pregnancy and avoid preterm 
delivery if possible and, second, to confirm the absence 
of fetal risk by serial umbilical artery Doppler recording 
and growth recordings only. 

Low abdominal circumference only at presentation. 
If the abdominal circumference is low and the umbilical 
artery Doppler recording is normal, then itis likely that 


the smallness is constitutional or genetic rather than | 


caused by chronic. fetal asphyxia. The main risk to the 


fetus is preterm delivery. Of note, four of the 13 fetuses — 


delivered electively in this group were, in our opinion, 
unnecessarily delivered preterm because of their small 


size alone. We consider the appropriate management 
to be serial monitoring of growth and. umbilical artery 
Doppler recording. In the absence of maternal com- 
plications and with normal umbilical artery Doppler 
recording and growth of the abdominal circumference 
after the appropriate trajectory, delivery can be de- 
ferred until at least 37 weeks. l 

Abnormal umbilical artery Doppler recording alone 
at presentation. There is a 75% chance of another ul- 
trasonographic abnormality becoming manifest 14 to 
56 days (median 21 days) later. Although the umbilical 
artery Doppler recording remains the only ultrasono- 
graphic abnormality, the prognosis for the fetus re- 
mains very good. The aims of management are mon- 
itoring fetal growth and biophysical profile score and, 
if these are normal, avoiding preterm delivery. 

Abnormal umbilical artery Doppler recording and 
low abdominal circumference at presentation. This 
group is the most difficult to manage. In fetuses with 
these two ultrasonographic abnormalities there is a 
39.6% risk of the subsequent development of an ab- 
normal biophysical profile score 1 to 26 days (median 
7 days) later. Although an abnormal biophysical profile 
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score will therefore not develop in the majority of the 
fetuses, once it becomes abnormal, it may be associated 
with a worse outcome. Should we deliver more preterm 
or wait until the biophysical profile score becomes ab- 
normal? We believe that the issue can be resolved only 
by a multicenter randomized trial. However, in the 
meantime a pragmatic approach to management is nec- 
essary. Careful ultrasonographic examination of the fe- 
tus should be carried out to exclude the stigmas of 
chromosome abnormality.” In this context it is note- 
worthy that both cases of chromcsomal abnormality in 
our study had unusually large amniotic fluid volumes 
of 75 and 90 mm, respectively. However, even if the 
result of ultrasonographic examination is apparently 
normal, fetal karyotyping should be considered. Pre- 
eclampsia in the mother does not exclude a chromo- 
somal anomaly. In both pregnancies with fetal trisomy 
18 the mother had proteinuric hyDertension. We prefer 
placental biopsy for karyotyping because we can obtain 
a result on the same day, compared with 2 days for 
fetal blood, during which time tke fetal condition may 
deteriorate.’ 

Our opinion is that we should deliver the fetus that 
is morphologically normal with an abnormal umbilical 
artery Doppler recording and a low abdominal circum- 
ference at =34 weeks rather than wait for an abnormal 
biophysical profile score to develop. Perhaps this limit 
should be reduced to 32 weeks. Between 28 and 32 
weeks steroids should be given and frequent (dail¥?) 
biophysical profile scores determined. At the first sign 
of biophysical profile score deterioration (probably 
manifest as an unreactive NST with decelerations) ce- 
livery should be undertaken. Fetal size should not be 
used as a major influence on th:s decision. Before 28 
weeks we would favor biophysical profile score moni- 
toring and the administration of steroids but would a-so 
consider delivery with persistert abnormality of the 
whole biophysical profile score on prolonged (60-m:n- 
ute) testing. 

The audit did not set out to address the long-term 
outlook for the babies. However, development of the 
appropriate management strategy for fetuses with ab- 
normal umbilical artery Doppler recording and low ab- 
dominal circumference .also depends on information 
on the long-term neurodevzlopmental progress 
through infancy and childhood of babies from group 
D compared with those from group E delivered a: a 
similar gestational age. ; 

Abnormalities of all three characteristics at presen- 
tation. Once an abnormal biophysical profile score has 
developed, there is the greatest risk of morbidity and 
mortality (Tables IV and V). Although this risk is 
_ largely influenced by gestation there is a suggestion of 
an effect from a more advanced asphyxial process in 
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utero. With an abnormal biophysical profile score the 
approach to management should be positive because, 
in our experience, 75% of all fetuses with an abnormal 
biophysical profile score survived and one in 10 had 
no problems at all in the newborn period. Even when 
the biophysical profile score was abnormal at presen- 
tation, there was a 55.6% chance of survival. If struc- 
tural abnormality can be excluded by ultrasonography, 
then delivery should be expedited. This should prob- 
ably be by cesarean section because attempts at vaginal 
delivery are likely to be complicated by fetal distress in 
labor and birth asphyxia necessitating resuscitation 
(Table IV). 

Finally, this study has implications for neonatal man- 
agement. The comprehensive fetal assessment identi- 
fies a group more likely to require expert neonatal re- 
suscitation and management of respiratory distress syn- 
drome. ° In addition, necrotizing enterocolitis only 
occurred in babies delivered with a preceding abnormal 
umbilical artery Doppler recording, low abdominal cir- 
cumference, and poor biophysical profile score. The 
incidence and severity of this condition may be reduced 
if introduction of oral food is delayed and if prophy- 
lactic antibiotics are used, although these questions also 
will require multicenter trials for answers. 
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A model-based prediction for transvaginal ultrasonographic 
identification of early intrauterine pregnancy 


Bruce S. Shapiro, MD,* Michael Escobar, PhD,” Robert Makuch, PhD,” Gad Lavy, MD," 


and Alan H. DeCherney, MD* 


New Haven, Connecticut 


OBJECTIVE: Our objective was to develop a mathematic model for the prediction of transvaginal 
ultrasonographic identification of intrauterine gestation as a function of human chorionic gonadotropin titer 


or gestational age. 


STUDY DESIGN: In this prospective, descriptive study normal intrauterine pregnancies of 31 patients from 
the Yale in vitro fertilization and embryo transfer program and infertility clinic were studied. Logistic 
regression analysis was used to develop a probability curve of transvaginal ultrasonographic detection of 
intrauterine pregnancy as a function of human chorionic gonadotropin titer or gestational age with a 5 MHz 


vaginal transducer. 


RESULTS: A model-based prediction was constructed. it revealed that nearly all intrauterine sacs should 
be identified by a human chorionic gonadotropin titer of 3000 mIU/ml (first international reference 
preparation) or by a gestational age of 37 days on the basis of the 5 MHz vaginal transducer. 
CONCLUSIONS: A model-based prediction for transvaginal ultrasonographic identification of early 
intrauterine pregnancy is presented that can be readily adapted by individual institutions using their own 
ultrasonographic equipment and human chorionic gonadotropin assay. (AM J OBSTET GYNECOL . 


1992;166:1495-500.) 


Key words: Transvaginal ultrasonography, mathematic model, early pregnancy 


The widespread availability of a radioimmunoassay 
for human chorionic gonadotropin furnished the cli- 
nician with the ability to make an early diagnosis of 
pregnancy. The development of high-resolution ab- 
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dominal ultrasonography provided the clinician with 
the opportunity to make the early diagnosis of intra- 
uterine gestation. The major clinical importance of this 


_ advance was in the early exclusion of ectopic pregnancy. 


The confirmation of an intrauterine pregnancy is con- 
sidered sufficient to exclude ectopic gestation because 
hetertotopic pregnancy is relatively uncommon.’ 
The absence of an identifiable intrauterine gesta- 
tional sac on abdominal and transvaginal ultrasono- 
graphic examination when the human chorionic go- 
nadotropin titer has reached a defined threshold level 
has been used widely as a criteria for surgical explo- 
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ration with the provisional diagnosis of ectopic preg- 
nancy. The threshold level of human chorionic gonad- 
otropin above which an intrauterine gestational sac-is 


expected in a normal pregnancy by abdominal ultra- . 


sonography .was initially characterized to occur at a 
human chorionic gonadotropin titër - of = 6500 
mIU/ml, by means of the first international reference 
preparation.®* More recent reports have suggested an 
even Jower threshold by abdominal ultrasonography, 
with intrauterine gestational sacs identified above 1800 
mIJ/ml, as determined by the second international 
standard, which was considered roughly equivalent to 
3600 mIU/ml by the first international reference prep- 
aration.” A majority of patients with ectopic gestation, 
however, have titers below even the lower of these 
levels, and the identification of an intrauterine gesta- 
tion would thus not be expected.” The ability to make 
an earlier, diagnosis of ectopic pregnancy would there- 
fore be enhanced if the threshold level for reliable de- 
tection of an intrauterine gestation were lower. 

The transvaginal ultrasonogrephic approach has 
been used extensively for follicular monitoring during 


ovulation induction in programs of in vitro fertilization | 


where it has’ been found to provide both: increased v:- 
sualization of the pelvis and better resolution than the 
transabdominal approach.® Furthermore, recent data 
have demonstrated the enhanced ability of the trans- 


vaginal approach in visualizing the gestational sac of 


early pregnancy whether intrauterine or extrauterins 
at an even earlier gestational age than reported with 
the transabdominal approach.*”* Initially these latter 
studies focused on the earliest possible detection of an 
intrauterine gestational. sac and relied. on 'several esti- 
mations.to determine the point at which an intrauterine 
gestational sac should be expected. The ability to de- 
termine the maximal human chorionic gonadotropin 
titer or day of gestation when an intrauterine gestation 


should be reliably detected is the parameter of most 


clinical importance. . 
The purpose of the current study was to determine 
the human chorionic gonadotropir. titer and géstational 


age at which the appearance of an intrauterine gesta- - 


tional sac can be expected 'to be identified by transva- 
ginal untrasonographic examination in a viable, single- 
ton intrauterine pregnancy on the ‘basis of a 5 MHz 
transvaginal probe. A method is described that can be 
adapted by individual institutions to, determine the 
probability of sac identification at a specific human cho- 
rioric gonadotropin titer or gestational age with the 
respective institution’s ultrasonographic equipment 
and human chorionic gonadotropin assay. ` ; 


Material and methods 


Patients i in the Yale in vitro fertilization and embryo . - 


. transfer program and other patients in the infertility 


ty 
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clinic were enrolled in the study imimediately on con- 
firmation of pregnancy by positive serum human cho- 
rionic. gonadotropin titers. Patients who subsequently 
were verified to have normal, singleton intrauterine 
gestations were used for the calculations. There were 
eight patients from the in vitro fertilization and embryo 
transfer program, 17 patients who underwent ovula- 
tion induction with menotropins, and six patients with 
spontaneous pregnancies. Serum human chorionic go- 
nadotropin titers were measured in samples drawn on 


‘the day of ultrasonographic examination; they were 
` determined by an immunoradiometric assay and a dou- 
- ble-antibody technique with the first international ref- 


erence preparation as a reference standard, the details 


of which have been previously described.> °° The day 


of gestation was calculated from the day of human cho- 
rionic gonadotropin injection. Gestational age data 
were used only from in vitro fertilization patients and 
those undergoing ovulation induction who received hu- 
man chorionic gonadotropin for initiation of ovulation. 

The patients were then examined with transvaginal 
ultrasonography usually at 1- to 4-day intervals as de- 
termined by patient availability. The ultrasonographic 
examinations were performed using a model RT 3000 
General Electric ultrasound machine (Rancho Cordova, 
Calif.) and a 5 MHz vaginal transducer. All examina- 
tions were performed in real time in a routine, system- 
atic manner with each study including both transverse 
and longitudinal scans. All examinations and ‘interpre- 
tations were completed by a single observer (B.S.S.) 


.. independent of the patient’s human chorionic gonad- 
otropin titer at the time of each examination. Thus 


patients were monitored with serial ultrasonographic 
examinations to determine the highest titer or gesta- 
tional age at which an intrauterine sac was not identified 


. and then the point-at which it was subsequently idén- | 


tified by ultrasonography. 
' Statistical analysis to calculate the: probability of ges- 
tational sac appearance as a function of human cho- 


. .rionic gonadotropin titer was performed by both non- 
- parametric and parametric methods with an interval . 


censoring technique”?! and logistic regression analysis, 
respectively. A probability curve for the detection of an 
intrauterine sac at each human chorionic gonadotropin 
titer and gestational age was then constructed from the 
logistic regression curve. 


. Results 


In this study group the. Brei titer of human cho- 
rionic gonadotropin at which an amniotic sac was iden- 


- tified occurred at a level of 912 mIU/ml (first inter- 


national reference preparation). The highest titer at 
which a sac was not detected but was subsequently iden- 
tified occurred at a titer of 2550 mIU/ml (first inter- 


' national reference preparation). There was an overlap 
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Fig. 1. Human chorionic gonadotropin titers at which sacs may or may not be identified from 912 


to 2550 mIU/ml. 


of human chorionic gonadotropin titers at which sacs 
may or may not have been identified between 912 and 
2550 mIU/ml (first international reference prepara- 
tion) (Fig. 1). When determined by gestational age, the 
highest titer at which a sac was not detected but sub- 
sequently identified occurred on cycle day 34, with the 
earliest detection of a sac occurring on day 31. Between 
these two points there was also an overlap of gestational 
ages during which time an intrauterine pregnancy may 
- or may not have been identified. 

A probability curve for intrauterine gestational sac 
_ identification was constructed with the logistic regres- 
sion model as a function of both human chorionic go- 
nadotropin titer (Fig. 2) and gestational age (Fig. 3). 
: The step function corresponds to the observed prob- 
ability of sac identification derived from the data, 
whereas the smoothed curve represents the model- 
based probability of sac identification, which is de- 
scribed by the function y= 1/1 + exp [B0 + B1 
In (human chorionic gonadotropin)], where y = 
probability of appearance as a function of the human 
chorionic gonadotropin titer, B0. = 41.78, and Bl = 
~ 5.64. With x? used as a measure for the fitness of the 
curve, x? = 12.55 and p < 0.001. Similarly, the model- 
based probability for sac identification as a function of 
gestational age is described by the function y = 1/1 + 
exp [BO + B1 (days)], where y = probability of ap- 
pearance as a function of the gestational age in days, 
` B0 = 12.35 and B1 = —0.60. With y? used for mea- 
suring the fitness of the curve, x? = 8.1 and p = 0.004. 
From these curves it can be seen that 50% of the ges- 


tational sacs could be identified by a human chorionic . 
gonadotropin titer of 1500 mIU/ml (first international 
reference preparation) or at-a gestational age of 32 to 
33 days in a normalized 28-day cycle. Furthermore, 
from the logistic regression model it can be seen that ~ 
nearly all intrauterine sacs should be identified by a 
human chorionic‘ gonadotropin titer of 3000 mIU/ml 
(first international reference preparation) or by a ges- 
tational age of 37 days in a singleton intrauterine preg- 
nancy when the 5 MHz vaginal transducer described is 
used. 

Although the highest titer without identification of 
an intrauterine gestation occurred at a human cho- 
rionic gonadotropin titer of 2550 mIU/ml (first inter- 
national reference preparation) and by a gestational 
age of 34 days, the model predicts somewhat higher 
values at which nearly all of the sacs should be iden- 
tified. This is explained by the fact that the model takes 
into account the inherent variability of future mea- 
surements. 


Comment 


The concept of a discriminatory zone was originally 
established to determine human chorionic gonadotro- 
pin titers at which an intrauterine sac should be seen.* 
Early reports have revealed earlier detection in the eval- 
uation of intrauterine pregnancy with the transvaginal 
‘approach than those reported with transabdominal ul- 
trasonograhpy.’® © These studies reported ranges of 
human chorionic gonadotropin titers at which intra- 
uterine pregnancies could be identified, but, because 
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Fig. 2. Model-based probability curve for intrauterine gestational sac identification by’ human cho- 


rionic gonadotropin tter. 
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Fig. 3. Model-based probability curve for intrauterine gestational sac identification by gestational 


age normalized to a 28-day cycle. 


the major importance of ultrasonographic identifica- 
tion is in knowing when an intrauterine gestational sac 
should be identified, reporting the range of human 
chorionic gonadotropin titers at which intrauterine 
pregnancies could be identified is of little direct help 
to the clinician. Furthermore, reporting only the range 
together with the minimum and maximum values at 
which intrauterine sacs are identified can be misleading 
because of an inaccurate representation of the true 3ta- 
tistical distribution at which points identification raay 
or may not occur. The latter is true because ultrasono- 


graphic identification of the intrauterine gestational 
sac represents a skewed, long-tailed statistical distri- 
bution. At the extreme end of the distribution, rep- 
resented by either the titers or gestational age, the high- 
est titers or oldest gestational ages at which sacs cannot 
be identified become progressively smaller, whereas the 
number of sacs identified in this range becomes pro- 
gressively larger. The use of minimum and maximum 
values as summary statistics fails to provide information 
about the probability of appearance within a given 
range of either titer or gestational age of sac identifi- 
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cation and thus overlooks the most important facet of 
this type of study, which is to determine the probability 
of sac identification at any specific titer or gestational 
age. Futhermore, when the sample size is neglected in 
the determination of expected sac identification, an in- 
accurate representation of the points at which sacs are 
identified occurs at the extreme end of the distribution 
curve for identification, giving the appearance of an 
exact point above which all sacs should be identified. 
With the use of a mathematic model and interval cen- 
soring techniques, as well as the incorporation of sam- 
ple size into the calculation, such as in a logistic regres- 
sion model; the specific likelihood of identification can 
be calculated as a function of either human chorionic 
gonadotropin titer or gestational age. The clinician can 
therefore know the likelihood of sac identification at a 
particular human chorionic gonadotropin titer or ges- 
tational age. Thus, for example, at a human chorionic 
gonadotropin titer of 1500 mIU/ml (first international 
reference preparation) or between 32 and 33 days’ ges- 
tation, 50% of the sacs should be visualized and 50% 
will not be visualized in a normal singleton intrauterine 
pregnancy in the current study. 

It should be noted that the maximum values observed 
in a sample of the population are always going to be 
less than or equal to the actual maximum values, and 
conversely the minimum values observed are always 
greater than or equal to the actual minimum values in 
the true population. Thus, as more data are accumu- 
lated with the same transvaginal probe, the detection 
of an intrauterine gestational sac will be reported at 
successively lower titers and earlier gestational ages, 
whereas the highest titer and gestational age at which 
all sacs are identified will become progressively greater. 
The latter result will tend to be mitigated, however, 
with the use of transvaginal probes having greater.res- 
olution, so that the size and the gestational age at which 
most of the sacs are identified may be lower overall. 
Recent studies have attempted to describe mathemat- 
ically the correlation of human chorionic gonadotropin 
titer and sac size with simple regression analysis cor- 
relating sac size with human chorionic gonadotropin 
levels to determine a threshold point of human cho- 
rionic gonadotropin titer at which a sac should be 
seen.’ 1+ 18 However, these studies have failed to ad- 
dress the limitations imposed by extrapolating to the 
general population threshold values determined from 
the study of a specific sample size. In the current study 
the authors have constructed a model-based prediction 
with logistic regression analysis to predict the proba- 
bility of seeing a sac at a selected value of human cho- 
rionic gonadotropin or a selected gestational age that 
incorporates the sample size into the calculation. 
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Athough the identification of the gestational sac may 
be expected at the limits of resolution of the equipment, 
this merely represents the theoretic limits of detection. 
Biologic variability in singleton gestations and the pos- 
sibility of inflated serum human chorionic gonadotro- 
pin values from multiple gestations must be considered 
in the routine clinical use of these data. Furthermore, 
other confounders are possible when such small sacs 
are viewed. The presence of small amounts of fluid 
such as blood can easily be mistaken for a sac in the 
presence of decidualized endometrium. Thus the pres- 
ence of thé pseudosac in ectopic pregnancy may also 
be difficult to distinguish from an early j pregnancy. For 
these reasons, although the identification of an intra- 
uterine sac ts reassuring, it is important to correlate the 
findings with serial human chorionic gonadotropin ti- 
ters and serial examinations. 
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Influence of labor and oxytocin on in vitro leukotriene release 
by human fetal membranes and uterine decidua at 


term gestation 


Nino Pasetto, MD, Alessandra Zicari, MD, Emilic Piccione, MD; Luisa Lenti, MD,” 


Giuseppe Pontieri, MD,” and Czrlo Ticconi, MD* 
Reme, Italy 


OBJECTIVE: The purpose of this study was to determine whether labor and oxytocin influence in vitro 
leukotriene release by human fetal membranes and uterine decidua at term gestation. 


STUDY DESIGN: All women (N = 2°) were studied in an academic clinical research environment. They 
were delivered either vaginally or before labor by cesarean section. Tissues were incubated with calcium 
ionophore A23187 alone or with calcium tonophore A23187 after preincubation with either oxytocin, 

BW755c, or cycloheximide. Leukotrienes in culture medium were determined by high-performance liquid 


chromatography. Statistical analysis was performed with aralysis of variance. 

RESULTS: Tissues obtained after vaginal delivery released significantly higher (p < 0.05) quantities of 
leukotrienes LTB,, LTD,, and A-6-trans-LTB, than did tissues obtained during cesarean section. 
Leukotriene release was stimulated Ey oxytocin and was innibited by both BW755c and cycloheximide. 
CONCLUSION: These results suggest an activation of the arachidonate lipoxygenase pathway in these 
tissues during labor. Oxytocin could play a regulatory role in this process. (AM J OBSTET GYNECOL 


1992;166:1500-6.) 


Key words: Leukotrienes, human fetal membranes. oxytocin, parturition 


The role of cyclooxygenase derivatives of arachidonic 
acid in the biochemical events leading to human labor 
has been extensively investigated.’ There is a consensus 
that prostaglandins PGE, and PGF, are involved both 
in myometrial contractions and in the ripening of the 
uterine cervix.” * The hormonal factor(s) regulating 


From the Clinica Ostetrica e Ginecologiza, IT Uniersity of Rore, 
and I General Pathology, Department of Experimental Medic-ne, 
University “La Sapienza.” 

Received for publication March 6, 1991; revised September 13, 
1991; accepted October 10, 1991. 

Reprint requests: Nino Paseito, MD, Clinica Ostetrica e Ginecologica, 
IIT University of Rome, Policlinico Nuovo S. Eugenio, P. le Una- 
nesimo, 00144 Roma EUR, Rome, Italo. 

6!1/34739 


1500 


prostaglandin production in labor have not been fully 
elucidated. l 

In contrast, little is known about the lipoxygenase 
derivatives of arachidonic acid in labor. The leuko- 
trienes have potent biologic actions in nonreproductive 
tissues.“ Recent studies suggest that leukotrienes could 
play a role in the biochemical processes of labor in the 
human®’ and in the nonhuman primate. 

This study was undertaken to examine the in vitro 
release of leukotrienes by human fetal membranes and 
uterine decidua, to verify whether differences in the 
production of these substances could be detected in 
relation to the presence or absence of labor, and to 
investigate whether oxytocin could stimulate leuko- 
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triene synthesis and release by these tissues. This role 
for oxytocin could be suggested because it has been 
previously shown that oxytocin induces an increased 
release of cyclooxygenase arachidonate metabolites by 
human decidua at term gestation.” 


Material and methods 


Subjects. Twenty-one healthy women (age range 24 
to 32 years) were included in the study. These patients 
had singleton uncomplicated pregnancies at term. 
They were divided into three groups: Group | included 
seven women who were delivered vaginally after spon- 
taneous labor without medication until after delivery; 
groups 2 and 3 each included seven women who were 
delivered by elective repeat cesarean section before la- 
bor. All patients who underwent cesarean section re- 
ceived a general anesthetic (atropine sulfate 0.02 
; mg/kg, thiopental sodium 4 mg/kg, pancuronium bro- 
mide 0.08 mg/kg, nitric oxide 60% plus oxygen 40%) 
until the fetus was delivered. _ 

Gestational age, which was calculated by the date of 
‘the last menstrual period and was confirmed bv ultra- 
sonographic examination, was comparable in the three 
groups. Birth weights and Apgar scores were also com- 

parable. 

Sample collection and tissue culture. Reflected fetal 

membranes with adherent decidua were obtained after 
‘spontaneous vaginal delivery (group 1) and during re- 
. peat cesarean section before labor (groups 2 and 3). 

Specimens were placed in ice-cold sterile saline so- 

lution and were immediately sent to the laboratory for 
processing. All specimens were processed as soon as 
they reached the laboratory. 
_ Tissues were layered on Petri dishes supported by 
ice and were washed several times with ice-cold sterile 
culture medium M199 (Gibco, Grand Island, N.Y.) to 
remove blood. Clots were carefully and gently removed 
with fine forceps, and additional washing completely 
removed blood. Tissues were cut with fine scissors into 
disks. The areas in which the amnion was partially de- 
tached from the chorion were discarded. Tissues were 
quantified by wet weight, were placed in Petri dishes 
containing 5 ml of culture medium M199 and were 
incubated at 37° C in an atmosphere of 95% oxygen 
and 5% carbon dioxide. 

Samples obtained from subjects of groups |] and 2 
were divided into three specimens. They were incu- 
` bated in the presence of the calcium ionophore A23 187 
(Sigma Chemical Co., St. Louis), 10 pmol/L. Previous 
time course analysis, which had been carried out at 30, 
- 60, and 90 minutes of incubation, had demonstrated 
maximum leukotriene release after 60 minutes of in- 
cubation with ionophore A23187. For this reason all 
subsequent experiments were carried out at 60 minutes 
of incubation. 

The samples were preincubated for 30 minutes with 
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40 mIU oxytocin (Syntocinon; Sandoz, Basel). At the 
end of the preincubation period, tissues were washed 
twice with fresh medium and then incubated for an 
additional 60-minute period in the presence of the cal- 
cium ionophore A23187, 10 pmol/L. Control samples 
were incubated without calcium ionophore. 

Tissues obtained from the subjects of group 3 were 
preincubated 30 minutes at 37° C with oxytocin at four 
different concentrations (10, 20, 40, and 60 mIU/ml) 
and treated as described previously. Tissue viability, 
judged by the lactic dehydrogenase assay,’? was 
89% + 4% before incubation and 80% + 3% at the 
end of the incubation. No difference was found in tissue 
viability between samples obtained after cesarean sec- 
tion before labor and those obtained after spontaneous 
delivery. 

To verify whether leukotriene release into the culture 
medium was due to active secretion and not to our 
experimental manipulations, we performed additional 
experiments in which some specimens from group 1 
were coincubated either with 0.5 ug/ml cycloheximide 
(Sigma) or with BW755c (Wellcome Research Labora- 
tories), 100 pmol/L, for 15 minutes and then chal- 
lenged with 10 pmol/L calcium ionophore. Culture me- 
dium from every experiment was collected, centrifuged 
at 1800 rpm for 15 minutes to eliminate cell debris, 
and stored at — 80° C until the successive assay was 
undertaken. 

Analysis of leukotrienes. We used Powell’s modified 
method, described in detail elsewhere,’ for leukotriene 
extraction. 

Dried fractions obtained after extraction were re- 
suspended in 100 pl methanol and filtered. The clear 
solution was applied to an Ultrasphere C18 column 
(5 wm particle size; Beckman Instruments, Inc., Bioan- 
alytical Systems Group, San Ramon, Calif.) with meth- 
anol/water/acetic acid (73:27:0.1), pH adjusted to 4.7 
with ammonium hydroxide, used as the mobile phase. 
A flow rate of 1 ml/min was maintained, and the ef- 
fluent was monitored at 280 nm with an LC 95 Perkin 
Elmer Detector and a Perkin Elmer 235 Diode Array 
Detector to obtain ultraviolet spectra, absorbance max- 
ima, and purity indexes. Retention times were calcu- 
lated by coelution with authentic standards. The peak 
areas or heights were calculated with an LCI 100 Lab- 
oratory Computing Integrator (Perkin Elmer). Stan- 
dard curves of the individual leukotrienes were ob- 
tained with five different concentrations (1.5625 to 25 
ng) and showed the following correlations: For LTB,, 
r= 0.978 and y = 56.224 + 53.59x; for LTD, r= 
0.945 and y = 18.54 + 13.28x; for A-6-trans-LTB,, 
r = 0.983 and y = 116.8 + 51.28x. The minimum de- 
tectable quantities were 1.5 ng for LTD; and 1.0 ng for 
LTB, and for A-6-trans-LTB,. 

Leukotriene recovery was calculated by adding a 


known amount to 1 mi of culture medium and pro- 
(5 
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Fig. 1. Leukotriene release by human fetal membranes and uterine decidua at term gestation. Group 
1: Tissues were obtained after spontaneous delivery. They were either incubated with calcium 
ionophore A23187 10 pmol/L for 60 minutes (3, n = 7) or preincubated for 30 minutes with 
oxytocin 40 mIU/ml, washed, and then incubated for 69 minutes with calcium ionophore A23187, 
10-pmol/L (N, n = 7). Group 2: Tissues were obtained during elective cesarean section before labor. 
They were either incubated with calcium ionophore A23187, 10 pmol/L for 60 minutes (I, n = 7) 
or preincubated for $0 minutes with 40 mIU/ml oxytocin, washed, and then incubated for 60 minutes 
with calcium ionophore A23187, 10 pmol/L (Œ, n = 7). Values are presented as means + SD. 


Analysis of variance: F = 19.19, p< 0.01 for LIB, F = 7.79, p<0.01 for LTD,; F = 23.47, 
p < 0.01 for A-6-trans-LTB,. Asterisk, Significantly | lower (p < 0.05) than other ı means for each ei- 


cosanoid (Student—Newman- Keuls test). 


cessing these samples as previously reported. Final re- 
covery averaged 60% + 5% for LTD, and 75% + 6% 
for LTB, and A-6-trans-LTB,. 

The ‘sensitivity of the assay for LTB, at 270 nm 
(e = 50.000) is 100 pg, for A-€- trans-L:TB, at 270 nm 
(e = 56.000), 80 pg; and for LTD; at 280 nm 
{e = 40.0003, 1 ng when the detector is set at.0 001 
AUFS ‘(absorbance units full scale). For LTB, the in- 
traassay coefficient of variation is 4% and the interassay 
coefficient of variation is 8%. For LTD; the intrazssay 
coefficient of variation is 5% and the interassay coef- 
- ficient of variation is 8%. For A-6- trans-LTB, the in- 
traassay coefficient of variation is 6% and the interassay 


' coefficient of variation is 7 %. 


Statistical analysis. Data are presented as 
‘means + SD. Statistical analysis was performed with a 
one-way analysis of variance. The Student-Newman- 
Keuls test was used for post hoc multiple comparisons 
among groups. | . 


Results 
After incubation with calcium ionophore A23187 10 
mol/L, tissues obtained after spontaneous labor re- 


leased LTB, (2.53 + 0.67 ng/gm wet weight per hour), 
LTD, (1.16 + 0.58 ng/gm wet weight per hour), and 
A-6-trans-LTB, (1.92 + 0.88 ng/gm wet weight per 
hour) into the culture medium in significantly higher 
amounts than did tissues obtained after elective cesar- 
ean section before labor (group 2: LTB,, 0.40 + 0.27 
ng/gm wet weight per hour; LTD,, 0.038 + 0.016 
ng/ gm wet weight per hour; A-6-trans-LTB,, nonde- 
tectable amount) (Figs. 1 and 2). 

Tissues incubated in the absence of calcium iono- 
phore (controls) released into the culture medium only 
minimal amounts of the previously mentioned leuko- 
trienes, regardless of the presence or absence of labor 
(LTB,, 0.11 + 0.06 ng/gm wet weight per hour; LTD, 
and A-6-trans-LTB,, nondetectable amounts). 

Preincubation with oxytocin greatly increased the re- 
lease into the culture medium of leukotrienes by tissues 
obtained in the absence of labor (LTB,, 2.51 + 0.47 
ng/gm wet weight per hour; LTD,, 0.73 + 0.35 ng/gm 
wet weight per hour; A-6-trans-LTB,, 2.37 + 0.58 
ng/ gm wet weight per hour) (Figs. 1 and 2). This in- 
crease of the synthesis and release of the previously 
mentioned leukotrienes was statistically significant 
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Fig. 2. Chromatographic patterns representative of culture media of human fetal membranes and 
uterine decidua. A, Vaginal delivery plus 10 pmol/L calcium ionophore A23187; B, cesarean section 
plus 10 pmol/L calcium ionophore A23187; C, cesarean section plus 4C' mIU/ml of oxytocin plus 
10 pmol/L calcium ionophore A23187; D, vaginal delivery plus 40 mIU/ml oxytocin plus 10 
pmol/L calcium ionophore A23187. Retention times were 13, 17, and 21 minutes for A-6-trans- 
LTB,, LYB,, and LTD,, respectively. Absorbance was determined at 280 nm. Attenuation setting of 
ultraviolet spectrophotometric detector was 0.005 AUFS. 


when compared with the release by tissues obtained in 
absence of labor and treated only with calcium ion- 
ophore. However, when oxytocin was added to the 
incubation medium of tissues obtained after sponta- 
neous labor, no additional increase of the leukotriene 
release was detected (LTB, 2.62 + 0.98 ng/gm wet 
weight per hour; LTD, 1.18 + 0.77 ng/gm wet 
weight per hour; A-6-trans-LTB,, 1.97 + 0.47 ng/gm 
wet weight per hour). Oxytocin stimulated leuko- 
triene release by tissues obtained in the absence of labor 
in a dose-dependent fashion, the maximum effect oc- 
curred at a concentration of 40 mIU/ml (Fig. 3). 
Thereafter, leukotriene release by tissues markedly de- 
creased. 

Addition to culture medium of 0.5 wmol/ml of cy- 
cloheximide resulted in a marked decrease of the syn- 
thesis and release of leukotrienes by tissues obtained 
from subjects of group 1. This indicated that we had 
measured the de novo synthesis rather than a passive 
release of leukotrienes. The release of LTB, 
(0.85 + 0.15 ng/gm wet weight per hour), LTD, 
(0.12 + 0.05 ng/gm wet weight per hour), and A-6- 
trans-LTB, (0.015 + 0.011 ng/gm wet weight per 
hour) was equivalent to mean percentage decrements 
of 66.40%, 89.65%, and 99.21%, respectively. 

Similarly, the compound BW755c, which is a known 
inhibitor of both cyclooxygenase and the lipoxygenase 
enzymes, caused a significant reduction of the release 


of these compounds (LTB,, 0.40 + 0.08 ng/gm wet 
weight per hour, percentage decrement 84.20%; LTD,, 
0.040 + 0.012 ng/gm wet weight per hour, percentage 
decrement 96.56%; A-6-trans-LTB,, 0.520 + 0.04 
ng/gm wet weight per hour, percentage decrement 
72.91%) (Fig. 4). 


Comment 


Our data confirm the ability of human fetal mem- 
branes and uterine decidua at term gestation to release 
leukotrienes in vitro, as was previously described by 
Rees et al. Those investigators did not find a signifi- 
cant difference in the secretion pattern between un- 
stimulated tissues obtained before and after labor. Re- 
sults from their study are in accordance with our find- 
ings for the secretion patterns of unstimulated tissues. 
Our control experiments, conducted without calcium 
ionophore, also indicated that the basal output of LTB,, 
LTD,, and A-6-trans-LTB, was low and did not signif- 
icantly change in relation to the presence of labor. 
These findings would argue against leukotriene pro- 
duction during labor. 

However, when calcium ionophore A23187, which - 
stimulates both cyclooxygenase and lipoxygenase en- 
zymes, was added to the culture medium, leukotriene 
release by tissues obtained after vaginal delivery mark- 
edly increased. Confirmation that this increase resulted 
from an active synthesis was based on the results of 
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Fig. 3. Concentration-related stimulation of human fetal membranes and uterine decidua leukotriene 
release by oxytocin. Tissues (n = 7) were obtained during elective cesarean section before labor and 
were preincubated for 30 minutes with various concentrations of oxytocin, washed and then stim- 
ulated for an additional 60-minute period with 10 pmol/L calcium ionophore.A23187. @, LTB; A, 


A-6-trans-LTB,; ©, LTD}. 


control experiments performed in the presence of cy- 
cloheximide and BW755c, which inhibit protein svn- 
thesis and arachidonic acid metabolism enzymes, re- 
spectively. The different results obtained between ts- 
sues cultured in the absence and in the presence of zhe 
calcium ionophore A23187 could be explained by sug- 
gesting that in these tissues, 5-lipoxygenase . probably 
shows a low basal activity, and unlike other dioxyg=2n- 
ases must be activated to transform arachidonic acid. 
This behavior of the 5-lipoxygenase is frequently ob- 
served in several cells and/or tissues."* The finding of 
an increased leukotriene production by samples pb- 
`- tained after labor and challenged with the calcium ibn- 
ophore A23187 suggests that in these tissues, a 5-li- 
poxygenase activity is present and can be activated 
more easily than in tissues obtained before labor. 
Thus it is possible that in human fetal membranes 
and uterine decidua, both the cyclooxygenasé enzyme 
and the lipoxygenase enzymes ére activated during la- 
- bor. This hypothesis requires further investigation, bé- 
cause it isin some conflict with the initial observations 
that suggest an inhibition of the arachidonate lipcxy- 
genase pathway” or a shift toward cyclooxygenase 
products during labor.'* However, it is difficult to com- 
pare correctly the results obtained in vitro with difier- 
ent tissue preparations and under different experi- 


4. 


mental conditions. On the other hand, an activation of 


arachidonate lipoxygenase in intrauterine tissues dur- - 
ing labor has been suggested by the increased amniotic . 


fluid concentrations of LTB,, the hydroxyeicosatetrae- 
noic acids 12-HETE and '15-HETE,’ and LTC,° during 


human labor and of 5-HETE and LTC, during rhesus ` 


monkey labor.® l 

The results of this study provide evidence that oxy- 
tocin significantly stimulates the in vitro release of 
LTB,, LTD,, and A-6-trans-LTB, by human fetal mem- 
branes and uterine decidua at term gestation. This stim- 
ulatory effect was exerted at least in part in a dose- 


dependent fashion and was exerted only on tissues ob- © 


- 


tained after cesarean section in the absence of labor. - 
In fact, preincubation with oxytocin did not affect the | 


leukotrienes released by, tissues obtained after spon- 
taneous labor, probably because the receptors were 
already saturated by endogenous oxytocin. This as- 
sumption is further strengthened by the results of the 


dose-response oxytocin stimulation curve, in which leu- . 


kotriene release by tissues markedly decreased at the 
highest concentration of oxytocin that we used. 

By adding oxytocin to the culture systems of tissues 
taken before labor, we obtained a pattern of in vitro 


leukotriene release that resembled, quantitatively and . 


qualitatively, that of tissues obtained after spontaneous 
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Fig. 4. Effects of BW755c and cycloheximide on leukotriene release by human fetal membranes 
and uterine decidua obtained after spontaneous labor at term. Tissues were divided into three 
specimens and treated as follows: They were stimulated for 60 minutes with 10 pmol/L calcium 
ionophore A23187 (Œ); they were preincubated for 20 minutes with 100 pmol/L BW755c, washed, 
and stimulated for the subsequent 60 minutes with 10 pmol/L calcium ionophore A23187 (%2); they 
were coincubated with 0.5 pg/ml cycloheximide and 10 pmol/L calcium ionophore A23187 for 60 
minutes ((]). Data are expressed as nanograms per gram wet weight per hour. Values are the mean 
of seven different experiments. Analysis of variance: F = 54.18, p< 0.01 for LIB,; F = 25.96, 
- p< 0,01 for LTD,; F = 26.03, p < 0.01 for A-6-trans-LTB,. Asterisk, Significantly lower (p < 0.05) 
than control for each eicosanoid (Student—Newman-Keuls test). 


labor and cultured in the absence of exogenously added 


oxytocin, What is the significance of this finding? Oxy- 


tocin may play a dual role in the mechanism of par- 
turition: It is known to stimulate myometrial contrac- 
tions by activating myometrial receptors and it may 
stimulate arachidonic acid metabolism in decidual tis- 
sues that possess specific oxytocin-binding sites,? which 
results in the formation of arachidonate lipoxygenase 
products. | E 

In summary, the results of this study suggest the 
following conclusions: (1) The fetal membranes and 
uterine decidua contain an arachidonate lipoxvgenase 
that is presumably present at a low basal activity level; 


nevertheless, these tissues and the placenta” could be’ 


an important source of amniotic and fetal circulating 
leukotrienes during labor; (2) the lipoxygenase activ- 
ity in the tissues described is more easily inducible dur- 
ing labor'and.is pharmacologically inducible; (3) labor 
and oxytocin significantly affect arachidonic acid oxi- 


dative metabolism by the lipoxygenase pathway and by. 


the cyclooxygenase pathway in the fetal membranes 
and uterine decidua. 
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Commonwealth University, Richmond, Virginia, for 
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Comparison of adenocarcinoma and squamous cell carcinoma 
of the uterine cervix: A population-based epidemiologic study 


Hoda Anton-Culver, PhD, Jeffrey D. Bloss, MD, Deborah Bringman, MPH, 
Anna Lee-Feldstein, PhD, Philip DiSaia, MD, and Alberto Manetta, MD 


Irvine, California 


OBJECTIVE: Our objective was to compare epidemiologic and clinical characteristics of adenocarcinoma 
with those of squamous cel! carcinoma of the cervix, with respect to risk by ethnic group, age at diagnosis, 


stage of disease at diagnosis, and survival. 


STUDY DESIGN: All data were obtained from the Cancer Surveillance Program of Orange County, 
California, from 1984 through 1989. A total of 152 cases of adenocarcinoma and 457 of squamous cell 


carcinoma of the uterine cervix were included. 


RESULTS: Adenocarcinoma of the cervix was diagnosed at a younger age and an earlier stage than 
squamous cell carcinoma. Hispanics have the highest risk for squamous cell carcinoma, whereas Asians 
have the highest risk for adenocarcinoma compared with whites. No differences were observed between 


the two histologic types in prognosis and survival. 


CONCLUSION: Differences between the two histologic types of cervix cancer were found in the age at 
diagnosis, the extent of disease, and the ethnic distribution. In spite of these differencas, prognosis and 
survival were not affected by histologic type. (AM J OssteT GyNecot 1992;166:1507-14.) 


Key words: Adenocarcinoma of the cervix, squamous cell carcinoma of the cervix, ethnic 


differences, stage at diagnosis, incidence rates 


The epidemiologic characteristics and clinical signif- 
icance of an adenomatous histologic type in carcinoma 
_of the uterine cervix has been the subject of consid- 
erable controversy over the past decade. During this 
time period changes in the incidence of adenocarci- 
noma of the cervix and in the proportion of cervical 
cancer patients with an adenomatous histologic type 
have been reported.” Several differences in the epi- 
demiologic characteristics between squamous cell car- 
cinoma and adenocarcinoma of the cervix have been 
shown: (1) age at diagnosis, (2) parity, (3) race, and (4) 
extent of disease at diagnosis.’ **’ Additionally, the 
impact of an adenomatous histologic type on the prog- 
nosis and survival of women with carcinoma of the 
uterine cervix has been questioned.’ s7 
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In spite of considerable attention to the clinical char- 
acteristics of the two histologic types of cervical cancer 
in the literature, no consistency in conclusions exists. 
One major reason for the lack of agreement is the dif- 
ference in methods used in patient selection in these 
studies. The majority of these reports are based on 
studies of patients from single institutions, with the use 
of retrospective data. As a result, they may suffer from 
selection bias. 

The purpose of this cohort study is to determine the 
epidemiologic and clinical characteristics of adenocar- 
cinoma and to compare them with characteristics of 
squamous cell carcinoma of the cervix, particularly with 
respect to population risk by ethnic group, age at di- 
agnosis, stage of disease at diagnosis, and survival. 


Material and methods 


Study subjects. The current study is based on 678 
patients with histologically confirmed invasive cervical 
cancer diagnosed between 1984 and 1989 and included 
as a part of a population-based cancer registry, the Can- 
cer Surveillance Program of Orange County. This pro- 
gram is one of 10 regional registries constituting the 
California cancer reporting system, meeting all re- 
porting requirements of the Surveillance, Epidemiol- 
ogy, and End Results program of the National Cancer 
Institute. Description of the Cancer Surveillance Pro- 
gram of Orange County and details of data collection 
methods have been reported previously.’? Standard 
data items for each case were abstracted from medical 
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Table I. Number of cases of invasive cervical 
cancer in Orange County residents diagnosed - 
1984 through 1989 by histology grouping 


(ICD-O morphology code) | 
7 


Squamous 
8070 Squamous cell carcinoma 279 
8071 Squamous cell, keratinizing 59 
8072 Say ameus cell, one 70 
large cell : 
8076 Squamous cell carcinoma, mi- > _49 
croinvasive 
i 457 67.4 
Adenocarcinoma l 
8140 Adenocarcinoma 81 


- 8260 Papillary adenocarcinoma 1] 
8430 Mucoepidermoid carcinoma l 
8441 Serous adenocarcinoma . l 
8480 Mucinous adenocarcinoma l 
848] Mucin-producing adenocarcinoma 4 
8560 Adenosquamous carcinoma 03 

152 


5 22.4 
Other histologic types 69 _10.2 


TOTAL 678 100 


records and pathology reports. Data quality for the 
registry is maintained through periodic training pro- 


grams for hospital registrars and field abstractors, ex- _ 


tensive visual and computer editing, and reabstraction 
of a 10% sample of cases from each facility reporting 
to the registry.. | 

As a population-based cancer registry the Canc2r 
Surveillance Program of Orange County maintains a 
cancer information reporting system that includes case 
reports for all cancer patients seen in every hospital in 
Orange County and case reports for Orange County 
resident patients diagnosed or treated for active cancer 
at hospitals outside the county. Also included are, case 
reports from ‘physicians’ offices arid other facilities in 
Orange County, such as clinics where cancer may Se 
diagnosed and treated without hospitalization of the 
‘patient. To ensure that all cases of cancer in Oranze 
County residents are included in the Cancer Surveil- 
lance Program of Orange County information system, 
death certificates of county residefits with cancer re- 
ported as cause of death are matched to case reports 
on file. Where no case report exists, the source certi- 
fying the death is contacted for-more information, and 
a casé report is generated for the patient. Noni—Orange 
County residents with diagnosis. and treatment ‘in 
Orange County referral facilities are not included in 
the patient group under study. 

Data taken from Cancer Surveillance Program of 
Orange County include demographic information 
(birth date, age, sex, ethnicity, etc.), laboratory data, 
pathology studies, and stage of disease at time of di- 
agnosis. ‘These data were abstracted from medical and 
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pathology records by trained tumor registrars accord- 
ing to standard procedures.'! Tumor site and histologic 
classification were coded according to the International 
Classification of Diseases for Oncology (ICD-O), pub- 
lished by the World Health Organization.” 

The 678 individuals studied here with primary in- 
vasive cervical cancers include all of the Orange County 
residents with this malignancy reported to Cancer Sur- 
veillance Program of Orange County by April 1991 for 
the years 1984 through 1989. All cases included in this 
study were histologically confirmed primary invasive 
cervical cancers (ICD-O codes 180.0 through 180.9). 
Specific histology codes were grouped into cell types 


with World Health Organization specifications for typ- 


ing of cervical cancer: ICD-O codes 8070 through 8072 
and 8076 were grouped as squamous cell carcinoma 
(457 cases); codes 8140, 8260, 8430, 8441, 8480, 8481, 
and 8560 were adenocarcinoma (152 cases); other. his- 
tologic types totaled 69. Among the cases having can- 
cers of other histologic types, there were 42 with either 
carcinoma, not otherwise specified (ICD-O code 8010) 
or malignant neoplasm (ICD-O code 8000), and the 
remaining 27 had cervical cancer of other histologic 
types (each of those histologic types contained a max- 
imum of four cases). The frequency distribution of 
cases by histologic type is presented in Table I. Because 
the current study focuses on the comparison between. 
adenocarcinoma and squamous cell carcinoma, the re- 
sults presented here include only cases with one of these 


_ two histologic types (a total of 609 cases). Patients were 


also classified as to stage of disease at diagnosis accord- 


_ing to the National Cancer Institute and the American 
College of Surgeons staging system into localized 


(equivalent to International Federation of Gynecology 
and Obstetrics stages IA and IB combined), regional 
(equivalent to International Federation of Gynecology 
and Obstetrics stages IIA, IIB, IHA, and IIB com- 
bined), and distant (equivalent to International Fed- 
eration of Gynecology and Obstetrics stages IVA and 
IVB combined). 

The ethnic distribution for squamous cell carcinoma 


“of the cervix was 302 non-Hispanic whites (66.1%), 100 


Hispanics (21.9%), 37 Asians and Pacific Islanders 
(8.1%), seven blacks (1.5%), and 11 other and unknown 
(2.4%). For adenocarcinoma the ethnic distribution was 
103 non-Hispanic whites (67.8%), 28 Hispanics 
(18.4%), 17 Asians and Pacific Islanders (11.2%), four 
other and unknown (2.6%), and no blacks. Because of 
the small number of cases of black or other and un- 
known ethnicity, the data by ethnicity will be presented 
only for non-Hispanic whites, Hispanics, and Asians 
and Pacific Islanders. 

The 1980 population of Oange County reported by 
the United States Census included 954,000 male resi- 
dents with a median age of 28.5 years and 979,000 


~ 
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female residents with a median age of 30.5 years. 
Postcensus figures for Orange County computed by the 
Forecasting and Analysis Center of the Orange County 
Administrative Office (Anton-Culver H, et al. Univer- 
sity of California, Irvine, unpublished observations) es- 
timated the 1984 population at 2.1 million, which in- 
cluded 73% whites, 17% Hispanics, 7% Asians and Pa- 
cific Islanders, and 1% non-Hispanic blacks. The total 


county population reported by the 1990 census was 2.4 ° 


million, 64.5% of whom were whites, 23.4% Hispanics, 
10.0% Asians and Pacific Islanders, and 1.6% non-His- 
panic blacks.’* 

Analysis. Age-specific incidence rates for cancer of 
the cervix were calculated with population estimates 
determined by the Orange County Administrative Of- 
fices. Age-adjusted incidence rates were calculated by 
the direct adjustment method, with the 1970 United 
States population used as a standard. Statistical analyses 
„were carried out with BMDP" and SAS” statistical soft- 
ware packages. | 

Survival of patients with each of two histologic types 
of invasive cervical cancer, adenocarcinoma and squa- 
mous cell, was compared by means of the log rank test’ 
as computed with the SAS procedure LIFETEST." 


Results 


Age-adjusted incidence rates and ethnic groups. 
The 6-year average age-adjusted incidence rates of 
squamous cell carcinoma and adenocarcinoma of the 
cervix by ethnic group are given in Table II. It is clear 
that for squamous cell carcinoma the risk is higher in 
both Hispanics and Asians than in non-Hispanic whites 
(11.2, 9.5, and 5.0 per 100,000 population, respec- 
tively). The incidence of adenocarcinoma is highest in 
Asians and Pacific Islanders, intérmediate ‘for Hispan- 
ics, and lowest in non-Hispanic whites (4.0, 2.7, and 
1.7, respectively). i _ 2 

For all ethnic groups combined the standardized risk 
ratio comparing age-adjusted incidence rates for squa- 
mous cell carcinoma with rates for adenocarcinoma is 
3.07. Among both Asians and non-Hispanic whites the 
standardized risk ratio comparing the age-adjusted in- 
cidence rate for squamous cell carcinoma with that of 
adenocarcinoma is similar (2.4 to 2.9, respectively). The 
standardized risk ratio comparing squamous cell car- 
cinoma with adenocarcinoma of the cervix among His- 
panics (4.2) is numerically greater than in the other two 
ethnic groups. l 

Age distribution and age-specific rates by ethnicity. 
The age-specific rates for squamous cell carcinoma 
range from 1.66 per 100,000 for the age group 20 to 
24 to a maximum of 16.01 per 100,000 at age group 
65 to 69. For adenocarcinoma the age-specific incidence 
rates range from 0.18 per 100,000 for age group 20 to 
24 to a high of 5.5 per 100,000 for age group 40 to 44. 
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Table II. Invasive cancer of the cervix in 
Orange County residents diagnosed between 
1984 and 1989: Mean age, median age, 
age-adjusted incidence rates,* and frequency 
by histologic type and ethnicity for cervical 
cancer patients 





Haistologis type 


Squamous cell 








Ethnicity carcinoma | Adenocarcinoma 
White 
Mean age (yr) 92:3 47.84 
Median age (yr) . 50 44 
Age-adjusted incidence 
rate , 5.00 1.72 
No. 302 (66.1%) 103 (67.8%) 
Hispanic 
Mean age (yr) 47.3 44.46 
Median age (yr) - 46 4} 
Age-adjusted incidence 
rate 11.20 2.68 
No. 100 (21.9%) 28 (18.4%) 
Asian and Pacific Islander 
Mean (age (yr} 52.62 — 49.06 
Median age (yr) ` 52 47 
Age-adjuster incidence 
rate 9.54 4.01 
No. 37 (8.1%) 17 (11.2%) 
All patients 
Mean age (yr) 50.85 4531 
Median age (yr) 48 44 
Age-adjuster incidence 
rate 5.91 1.92 
No. a 457 (100%) 152 (100%) 


*Six-year average age-adjusted incidence rates with 1987 
female population used as denominator. 


In the various age groups the age-specific incidence 
rates for squamous cell carcinoma of the cervix gen- 
erally are of the order of 2 to 6.5 times the incidence 
rates for adenocarcinoma. 

The cumulative annual age-specific incidence rates 
of adenocarcinoma and squamous cell carcinoma of the 
cervix are given in Fig. 1, A, The cumulative rates in- 
crease with age for both histologic types. However, the 
observed ratio of the cumulative rates for squamous 
cell carcinoma to the cumulative rates for adenocarci- 
noma increases with age. For adenocarcinoma the cu- 
mulative age-specific incidence rates among both His- 
panics and Asians and Pacific Islanders are higher in 
all age groups above 45 (Fig. 1, B). It also appears that 
Asians and Pacific Islanders have the highest cumula- 
tive incidence rates for adenocarcinoma at all age 
groups above 45. For squamous cell carcinoma, above 
the age of 45 both Hispanics and Asians and Pacific 
Islanders havė cumulative age-specific rates that are 
consistently higher than the corresponding rates for 
non-Hispanic whites (Fig. 1, C). However, Hispanics 
appear to have the highest cumulative incidence for 
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Fig. 1. Cumulative arnual age-specific incidence rates per 100,000 of cervical cancer by histologic 


(C). 


squamous cell carcinoma, in contrast to adenocarci- 
noma, at all ages. | 

Stage at diagnosis and histologic type. The data on 
the distribution of cases by summary stage at diagncsis 
(localized, regional, and distant disease involvement) 


type (A); by ethnic group for adenocarcinoma (B), and by ethnic group for squamous cell carcinoma 


and histologic type are presented in Table III. For pa- 
tients with squamous cell carcinoma, 45.7% had local- 
ized disease at diagnosis compared with 58.6% for pa- 
tients with adenocarcinoma (Table III). At diagnosis 
4.4% of patients with squamous cell carcinoma and 


i 
’ 4 
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Table III. Distribution of summary stage in cervical cancer patients by histologic type 


Histologic type 


No. 


Squamous cell 
carcinoma 
Coe j e |e 






Stage 
Local 209 45.7 89 58.6 298 48.9 
Regional 174 38.1 41 27.0 215 35.3 
Distant 54 11.8 18 11.8 72 11.8 
Unknown _20 4.4 4 2.6 _24 3.9 
TOTAL 457 100 152 100 609 100 






Squamous cell 
carcinoma 






<40 Local 89 67.9 
Regional 29 22.1 
Distant _13 9.9 

| Total 131 100 
40-54 Local 62 45.6 
Regional 63 46.3 
Distant li 8.1 

Total 136 100 
=55 Local 58 34.1 
Regional 82 48.2 
Distant ° _30 17.6 

Total 170 100 


2.6% of patients with adenocarcinoma had unknown 
stage. The distribution of squamous cell carcinoma and 
adenocarcinoma by stage at diagnosis is significantly 
different (p < 0.05). When cases were classified further 
by age groups (Table IV), the distribution by stage at 
diagnosis differed significantly between squamous cell 
carcinoma and adenocarcinoma only for the age group 
40 to 54 years; 70.0% of cases of adenocarcinoma were 
diagnosed at the localized stage, compared with 45.6% 
of cases of squamous cell carcinoma (p = 0.05) (Table 
IV). There were no significant differences in stage at 
diagnosis for the two cell types in the remaining age 
groups, <40 and =55. The distribution of cases by stage 
at diagnosis and histologic type is examined further by 
ethnicity in Table V. In each ethnic group the trend is 
toward less aggressive disease in adenocarcinoma than 
in squamous cell carcinoma, although the differences 
are not Statistically significant. 

Survival by histologic type. The survival in cases of 
adenocarcinoma and squamous cell carcinoma of the 
cervix is presented in Fig. 2, A. After adjustment for 
differences in age at diagnosis, the survival of the two 
groups defined by histologic type was not significantly 
different (p = 0.76). Fig. 2, B and C, presents the sur- 
vival by stage at diagnosis for adenocarcinoma and 
squamous cell carcinoma of the cervix, respectively. For 


Histologic type 


Adenocarcinoma 


36 66.7 125 67.6 
14 25.9 43 93.2 
4 7.4 2 9.9 
54 100 185 100 

35 70.0 97 52.2 
12 24.0 75 40.3 
3 6.0 14 7.5 
50 100 186 100 

18 40.9 76 35.5 
15 34.1 97 45.3 
ll 25.0 14 19.2 
44 100 214 100 


both cell types the survival differed significantly by 
stage at diagnosis (p < 0.001). After adjustment for 
both age and stage at diagnosis the survival of the two 
histologic groups was not significantly different 
(p = 0.87). 


Comment 


The population sample studied was 678 patients with 
invasive histologically confirmed cervical cancer, diag- 
nosed during the 6-year period 1984 through 1989 and 
identified as a part of the population-based cancer reg- 
istry, the Cancer Surveillance Program of Orange 
County. Of all cases studied, 457 (67.4%) were squa- 
mous cell carcinoma and 152 (22.4%) were adenocar- 
cinoma. In this study differences between the two his- 
tologic types are shown with respect to age-adjusted 
incidence rates, age-specific rates, age-adjusted and 
age-specific rates classified by ethnic group, distribution 
by stage at diagnosis, and survival with adjustment for 
stage at diagnosis and age. 

The proportion of adenocarcinoma found in this 
study (22.4%) is higher than that reported by previous 
investigators.?* * 7° Horowitz et al.’ reported a study 
of 333 patients with cervical cancer diagnosed at Johns « 
Hopkins, 16% of which cases were adenocarcinoma. 
These authors studied differences in demographic and 
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Fig. 2. Cumulative survival of patients with cervical cancer diagnosed in 1984 through 1989 by 
histologic type (A), by stage at diagnosis for adenocarcinoma (B), and by stage at diagnosis for 
squamous cell carcinoma (C). 


“sacioeconomic factors between the two histologic nocarcinoma of the cervix with data from the South . 
groups, concluding that their “data-suggest that epi- Thames cancer registry, showing only 13.2% of all in- _ 
dermoid and adenocarcinoma cf the cervix may rep- vasive carcinoma of the cervix to be of adenomatous 
resent diseases with distinct populations at risk.”’ Sil- histologic type. Several other reports suggest that the 


cocks et al.* report a study of squamous cell and ade- proportion of adenocarcinoma of the cervix is increas- 
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Table V. Distribution of summary stage in cervical cancer patients by histologic type and ethnicity - 





Ethnicity 

White Local 146 
Regional 107 

Distant 36 

Unknown ala 

Total 302 

Hispanic Local 4] 
Regional 40 
Distant * 13 

Unknown _ 6 

Total 100 

Asian and Pacific Islander Local 13 
Regional 22 

Distant 2 

Unknown 0 

Total 37 


ing over time.” The proportions reported in these 
studies range from 7% to 20%. 

The difference in the proportion of adenocarcinoma 
reported in this study may well be a result of the vari- 
ability in the ethnic distribution of the population at 
risk. None of the ‘previously reported studies present 
data on incidence rate or distribution of histologic types 
by ethnic group; the data on the ethnic distribution of 
the population at risk in these studies were not re- 
ported. The data from the present study indicate dif- 
ferences among ethnic groups with regard to the risk 
for adenocarcinoma and squamous cell carcinoma and 
to differences in the stage at diagnosis. 

Hispanics appear to be at highest risk for squamous 
cell carcinoma at all ages, followed by Asians and Pacific 
Islanders and then non-Hispanic whites. For adeno- 
carcinoma Asians and Pacific Islanders have the highest 
age-adjusted incidence rates, followed by Hispanics and 
again non-Hispanic whites with the lowest rates (Table 
Il). For the three ethnic groups combined, the risk for 
squamous cell carcinoma is highest (16.1/100,000) at 
age 65 to 69, whereas in adenocarcinoma the incidence 
rate is highest (5.5/100,000) for age group 40 to 44. 
Furthermore, 45.7% of squamous cell carcinomas are 
diagnosed at a localized stage, compared with 58.6% of 
adenocarcinomas. The distribution by stage of diag- 
nosis of the two histologic types 1s significantly different 
(p < 0.05) (Tables III and IV). 

The data from the current study, with’ respect to 
incidence rate, age at diagnosis, and stage of diagnosis 
for each of the three ethnic groups, indicate that ad- 
enocarcinoma is less aggressive than squamous cell car- 
cinoma (Table V). In general, adenocarcinomas were 
diagnosed at an earlier stage than squamous cell car- 
cinomas regardless of age and ethnicity. These differ- 


ences are most pronounced in women aged 40 to 54 


and in Hispanic women. This finding is directly op- 


— Squamous cell 
carcinoma 


Histologic type ; 






Adenocarcinoma Total 





48.3 60 58.3 206 50.9 
35.4 28 27.2 135 33.3 
11.9 13 12.6 49 12.1 
4.3 2 1.9 15 3.7 
100 103 100 405 100 
41.0 18 64.3 59 46.1 
40.0 6 21.4 46 35.9 
13.0 4 14.3 17 13.3 
6.0 _0 0.0 6 4.7 
100 28 100 128 100 
35.1 8 47.1 2] 38.9 
59.5 7 41.2 29 53.7 
5.4 l 5.9 3 5.6 
0.0 al 5.9 al 1.9 
100 17 100 54 100 


posite to the popular belief that adenocarcinomas are 
usually more advanced than squamous cell carcinomas 
at the time of diagnosis. A generally accepted rationale 
for this belief is that adenocarcinoma occurs high in 
the endocervical canal and is therefore hidden from 
early diagnosis by inspection or Papanicolaou smear. 

Within each of the two groups defined by histologic 
type, survival is significantly different by stage at 
diagnosis. As expected, survival is inversely related 
to the advancement of the disease at diagnosis, 
which is in general agreement with. earlier reports of 
survival. *%7 18 In this study survival did not differ 
by histologic type when adjusted for stage at diagnosis 
and age. This finding differs from conclusions of other 
investigators who have suggested that adenocarcinoma 
carries a worse prognosis. 

In conclusion, we have compared the epidemiologic 
and clinical behavior of adenocarcinoma with that of 
squamous cell carcinoma of the uterine cervix with a 
population-based cohort. Major differences between 
the two histologic types were found in the age at di- 
agnosis (adenocarcinoma earlier than squamous cell 
carcinoma), the extent.of disease at diagnosis (adeno- 
carcinoma less advanced than squamous cell carci- 
noma), and differences in the age-adjusted incidence 


rate with regard to ethnic distribution. In spite of these 


epidemiologic differences, prognosis and survival were 
not affected by histologic type. 
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tance in the preparation of this manuscript. 
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Current Development 


A review of premature birth and subclinical infection 


R.S. Gibbs, MD, R. Romero, MD,” S.L. Hillier, PhD, D.A. Eschenbach, MD, and 


R.L. Sweet, MD* 


Denver, Colorado, Detroit, Michigan, Seattle, Washington, and San Francisco, California 


Premature birth causes high rates of neonatal morbidity and mortality. There are multiple causes of 
preterm birth. This article reviews the evidence linking subclinical infection and premature birth. Although 
maternal genital tract colonization with specific organisms has been inconsistently associated with preterm 
birth and/or premature rupture of membranes, some infections have been consistently associated with 
preterm delivery. The association of histologic chorioamnionitis with prematurity is a consistent finding, but 
the mechanisms require further study. The relationship between histologic chorioamnionitis infection and 
the chorioamnionitis of prematurity requires additional research. A varying number of patients in 
“idiopathic” preterm labor have positive amniotic fluid cultures (0% to 30%), but it is not clear whether 
infection preceded labor or occurred as a result of labor. Evidence of subclinical infection as a cause of 
preterm labor is raised by finding elevated maternal serum C-reactive protein and abnormal amniotic fluid 
organic acid levels in some patients in preterm labor. Biochemical mechanisms for preterm labor in the 
setting of infection are suggested by both in vitro and in vivo studies of prostaglandins and their 
metabolites, endotoxin and cytokines. Some, but by no means all, antibiotic trials conducted to date have 
reported decreases in prematurity. These results support the hypothesis that premature birth results in part 
from infection caused by genital tract bacteria. In the next few years, research efforts must be prioritized to 
determine the role of infection and the appropriate prevention of this cause of prematurity. (Am J OBSTET 


GYNECOL 1992;166:1515-28. ) 


Key words: Premature birth, subclinical infection, biochemical mechanisms, 


chorioamnionitis, antibiotics 


Preterm birth is the leading perinatal problem in the 
United States. The underlying cause of preterm birth 
is not evident in most cases, and currently, physicians 
are left with marginally effective attempts to delay de- 
livery by arresting contractions. Breakthroughs in the 
prevention of preterm birth will require an improved 
understanding of its causes followed by appropriate 
strategies to prevent these causes. Evidence from sev- 
eral sources suggests a link between subclinical infec- 
tion and prematurity. In August 1990 a symposium, 
sponsored by the Infectious Disease Society of Obstet- 
rics and Gynecology, was held to discuss this evidence. 
This article summarizes the presentations and includes 
additional data presented since the symposium. 


From the Department of Obstetrics and Gynecology, University of 
Colorado,’ the Department of Obstetrics and Gynecology, Wayne State 
University,” the Department of Obstetrics and Gynecology, University 
of Waslungton, and the Department of Obstetrics and Gynecology, 
University of California, San Francisco.4 
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Prematurity in perspective 


The problems of being born premature or with low 
birth weight (LBW) are well documented. LBW leads 
to excessive neonatal mortality and morbidity. More 
than 60% of the mortality that occurs among infants 
without anatomic or chromosomal congenital defects is 
attributable to LBW.' A similar excess of morbidity also 
exists in the LBW group. The Surgeon General placed 
a high priority on the reduction of LBW by 1990. How- 
ever, the rate of LBW has not appreciably changed in 
the United States over the past 40 years.? Approxi- 
mately 6.7% of infants are born with LBW and 1% are 
born with very low birth weight (<1500 gm).? The 
United States ranks nineteenth in the world in infant 
mortality, behind virtually all European countries and 
in the same range as many third-world countries. 

In contrast, the neonatal mortality rate has been dra- 
matically reduced over the same 49 years in the United 
States,* caused mainly by improved care of LBW infants 
in neonatal intensive care units.” In fact, weight for 
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weight, an infant has the best survival rate in the United 
States. Thus, given a high LBW rate, infant mortality 
would be even higher in the United States were it not 
for high technology and expensive neonatal care. It is 


apparent that the emphasis of medical care for this’ 


problem in the United States has deen placed on costly 
tertiary care rather than on prevention. 

The main reason for a continued high LBW rate is 
a poor understanding of antenatal factors that contrib- 
ute to an infant with LBW. One cannot expect to reduce 


LBW or even to appreciate the relative importance of: 


various potential factors until the various causes are 
determined. Most investigators have assumed a final 
common pathway by which a variety of normal ‘and 
pathologic processes eventually influence the human 


endocrinologic system that, in turn, causes uterine con-- - 


tractions and labor. While parts of -his system have been 
identified in certain animals, processes important in 
=- human parturition are less clear. Without additional 
knowledge on the essential pathway, it has been difficult, 
to identify the mechanisms by which various processes 
result in premature contractions or delivery. 

To date, multiple factors have been associated wita 
LBW. Determination of factors that are important 


causes of LBW awaits further study. Some factors ap- 


pear highly associated with infant mortality and LBW 
because of consistent findings, a high relative risk ratic, 


or a high frequency of the factor in the population., 


Risk factors for both neonatal and postneonatal mor- 
tality include both low (<17 years) and high (>34 years) 
maternal age, black race, and low socioeconomic status.’ 
These same three factors plus a history of an adverse 
pregnancy outcome, inadequate pr nata, care, rupture 


of membranes, multiple pregnancies, medical condi- 


tions such as hypertension and diabetes, fetal anoma- 
lies, and drug abuse are some of the more important 
factors associated with LBW.? While some of these fac- 
tors cause premature delivery, others such as socioeco- 
nomic status are only associated with preterm delivery: 

Premature rupture of membranes is associated with 
-about one third-of LBW deliveries. Premature rupture 
of membranes has been reported to be the third leading 
cause of perinatal death in the collaborative perinatal 
project after “amniotic fluid infection” and abruptio 
placentae.® Factors associated with premature rupture 
_of membranes include premature rupture of mem- 
branes in a prior pregnancy,® histologic chorioamnio- 
nitis” abnormal bleeding, ` poly ydraminios, incom- 
petent cervix,- smoking, and ‘selected vaginal 


microorganisms’ in the current pregnancy. Infection. 


appears to be'an important theme in eee rup- 
ture of membranes. 

Recently, convincing evidence has Bead LBW 
with infection. High rates of amniotic fluid infection, 
chorioamnion infection, and histologic ‘chorioamnio- 
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nitis have been reported in LBW pregnancies.” The 
highest proportion of these three infections occurs in 
the most premature pregnancies, an observation that 
adds to the impact of infection in LBW. 

Prevention of LBW and premature rupture of mem- 
branes can be targeted (1) to prevent the initiation of 


‘labor or premature rupture of membranes or (2) to 


inhibit preterm labor after it is recognized. Programs 
for prevention of preterm labor have had only limited 
success. The targeted treatment of cervical or vaginal 
infection has led to only a modest reduction of preterm 
labor and’ premature rupture ‘of membranes, and the 
overall impact on preterm labor may be limited. Treat- 
ment of premature, labor with tocolysis also has had 
limited impact on LBW and premature rupture of 
membranes. 

Experimental difficulties exist in establishing the role 
of infection in LBW and premature rupture of mem- 
branes. Many LBW deliveries occur without placental 
or amniotic fluid infection. Antibiotic treatment of un- 
infected pregnancies would have no effect and inclu- 
sion of uninfected pregnancies into such treatment 
studies will usually mask any positive antibiotic effect. 
The detection of infection requires sensitive techniques 
because most maternal infection is subclinical. Upper 
genital tract infection most directly influences preterm: 
delivery and sampling of the upper genital tract is dif- 
ficult, particularly before premature labor. Whereas 
amniotic fluid can be sampled before delivery, the ma- 
jority of infections occur in the placenta and currently 
it is not possible to sample the placenta before delivery. 
A cause-and-effect relationship is even harder to es- 
tablish after an event has transpired. 


Specific microorganisms associated with 
preterm birth 


The first evidence that suggested a connection be- 
tween infection and premature birth occurred with an 
association of a variety of cervicovaginal microorgan- 
isms with preterm delivery, LBW, or premature rup- 
ture of membranes (Table I). The next question was 
whether those lower maternal genital tract isolates were 
related to upper genital tract infection and, further, 
whether the relationship between upper genital tract 
infection and preterm birth, LBW, and premature rup- 
ture of membranes was a cause or an effect. 

Syphilis has been related to preterm birth for many 
years. Untreated primary or secondary syphilis resulted 
in a 50% rate of prematurity compared with an 8% rate 
among controls.’ Early latent syphilis resulted in a 20% 
prematurity rate. The association of syphilis with pre- 
mature delivery has been reconfirmed during the cur- 
rent epidemic of congenital syphilis in which mean ges- 
tational age for newborns with congenital syphilis was 
32.3 weeks. Twelve (39%) of 33 infants with congenital 
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syphilis and none of the controls had premature rup- 
ture of membranes.” 

Untreated N. gonorrhoeae has been associated with 
preterm delivery.’*'* ‘4 In addition, treatment of 
N. gonorrhoeae reduces rates of preterm delivery and 
low birth weight similar to that of control populations, 
suggesting a causative role of N. gonorrhoeae in these 
events. | 

Asymptomatic group B streptccocci bacteriuria has 
been consistently associated with preterm delivery. Pre- 
term delivery rates of 20% versus 8.5%" and 7.2% ver- 
sus 4.9%" occurred among women with bacteriuria 
with and without group B streptococci, respectively. A 
sevenfold decrease in preterm delivery resulted when 
antibiotics were administered (5.4%), compared with 
placebo (37.5%).'° The extraordinarily high rate of pre- 
maturity in the bacteriuric group suggests that addi- 
tional risk factors for prematurity may have been 
present. 

In comparison to the consistent association with bac- 
teriuria, the relationship of maternal group B strep- 
tococci genital colonization and adverse pregnancy out- 
come has been inconsistent. Five of the six studies as- 
sessing genital tract group B streptococci colonization 
with preterm labor or delivery demonstrated no sig- 
nificant association.” However, a significant associa- 
tion was found in three of four studies assessing the 
relationship of genital group B streptococci coloniza- 
tion and in preterm premature rupture of 
membranes*! **-*6-2? (Table II). 

In case-control studies genital tract mycoplasmas, es- 
pecially U. urealyticum, have been associated with 
LBW.” *° A subgroup of pregnant women with sero- 
logic evidence of invasive U. urealyticum infection (more 
than a fourfold rise in antibody) has been associated 
with LBW.” The mean birth weight was 233 gm lower 
in the group with an antibody response (3006 + 565 
vs 3229 + 474 gm, p = 0.009). The clinical signifi- 
cance of a 200 gm difference at a 3 kg birth weight is 
questionable. A larger proportion of newborns weigh- 
ing <2500 gm were born to mothers with a fourfold 
rise in antibody to U. urealyticum (38%, 10/27) com- 
pared with infants weighing >2500 gm (15%, 33/219). 
However, recent studies have failed to confirm such 
an association. None of the 11 cohort studies 
performed*'*' support an association between U. urea- 
lyicum and prematurity or LBW. The treatment of 
U. urealyticum with erythromycin had no impact on 
LBW or premature rupture of membranes.” M. hominis 
has been inconsistently related with LBW; the relation- 
ship has been positive in some? * 31 % #4 but not 
other **°* studies. Thus the majority of investigations 
have failed to provide evidence supporting an associ- 
ation between colonization of the maternal. genital tract 
with U. urealyticum and preterm delivery or LBW. Data 
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Table I. Microorganisms or infections 
associated with preterm labor, preterm 
delivery, and preterm premature rupture of 
the membranes 5 3 





Organisms 
Treponema palladium 
Neisseria gonorrhoeae 
Group B streptococci 
Ureaplasma urealyticum 
Mycoplasma kominis 
Chlamydia trechomatis 
Trichomonas vaginalis 
Bacteroides sp. 

Infections 
Bacterial vaginosis 
Pyelonephritis 
Bacteriuria 


regarding M. hominis are less clear in relating this or- 
ganism to prematurity. 

The presence of C. trachomatis in the cervix at the 
initial prenatal visit was associated with spontaneous 
abortion, stillbirth, preterm delivery, and LBW.” The 
mean gestational age was 35.9 weeks in those with and 
39.2 weeks in those without C. trachomatis (p < 0.01).* 
LBW was also associated with C. trachomatis in this study. 


‘Subsequent studies by Thompson et al., Harrison et 


al., and Hardy et al.*° failed to confirm an overall 
association between chlamydia infection and adverse 
pregnancy outcome. However, Harrison et al. reported 
that a subgroup of women with cervical C. trachomatis 
and elevated levels of IgM antibody against C. tracho- 
matis (suggestive of recent acquistion or active infection) 
had a significanily increased risk of premature rupture 
of membranes, LBW, and preterm. delivery.” Sweet et 
al.” confirmed these findings. After controlling for the 
presence of other sexually transmitted disease organ- 
isms in a multivariate analysis, the association was no 
longer significant.” In another investigation C. tracho- 
matis remained associated with LBW and premature 
rupture of membranes in a multivariate analysis con- 
trolling for bacterial vaginosis and obstetric factors re- 
lated to prematurity.” Several other recent investiga- 
tions support an association of C. trachomatis with pre- 
term delivery.” *°-*7-4 Thus further large-scale studies 
that also use serologic assessment will be required to 
resolve the controversy over the role of .C. trachomatis 
in preterm delivery and premature rupture of mem- 
branes. si; 

The association of T. vaginalis with preterm delivery 
has also been a source of controversy. T. vaginalis was 
not associated with LBW,“ and treatment was not as- . 
sociated with.an increase in birth weight or gestational 
age in a placebo-controlled trial.” However, among ad- 
olescents, the incidence of LBW was 18% in patients 
with versus 6.7% in those without T. vaginalis 
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Table II. Genital tract colonization of group B streptococci and preterm delivery 






Premature rupture of 
membranes 










Preterm labor Preterm delivery 


GBS pos. GBS neg. GBS pos. GBS neg. 
(%) (%) (%) (%) 
1] 6.3 — 


Baker et al.” 


Regan et al.” - - 5.4 1.26 15.3 7% 
Minkoff et al.” 17 8.7 - = 10 8.8% 
Hastings et al.” — - 6.5 6.4 - — 
Bobitt et al.” — — — 5.6 17” 
Lamont et al.” 6 0 — = = 
Martius et al.” 2] 11 = = = 


Alger et al.” — -— 


GBS, Group B streptococci. 
*Statistically significant difference. 


(p = 0.06).*° Further, in the large Vaginal Infections 
and Prematurity Study, T. vaginalis carriage at mid- 
pregnancy was significantly associated with LBW and 
premature rupture of membranes after adjustment for 
confounding factors and other microorganisms (Cotch 
MF. Personal communication, ICAAC abstracts, 1999). 
Finally, the incidence of premature rupture of mem- 
branes at term was 27.5% in women with positive cul- 
tures compared with 12.8% in those with negative cul- 
tures for T. vaginalis (p < 0.03).”° 

Bacteroides sp. have also been implicated in preterm 
delivery and/or premature rupture of membranes. In 
a stepwise logistic regression analysis, women colonized 
with Bacteroides sp. at their initial prenatal visit had a 
40% increased preterm delivery rate compared with 
that for noncolonized women (p = 0.003). Nonfra- 
gilis Bacteroides sp. were more often recovered from the 
cervices of women in spontaneous preterm labor (21% 
of 72) compared with those women not in labor but at 
a similar gestational age (4% of 26, p = 0.03). Black- 
pigmented Bacteroides sp. were more frequently recov- 
ered from women in preterm labor who were delivered 
at <37 weeks (20% of 61) compared with control 
women at term (8% of 155, p < 0.05).® More recently, 
vaginal Bacteroides sp. has been associated with a 60% 
increased risk of preterm delivery, and Bacteroides bivi-s 
>10* colony-forming units per milliliter was associated 
with a twofold increased risk of delivery at =34 weeks’ 
gestation. 4 

Bacterial vaginosis is a clinical condition in which the 
normal vaginal flora, characterized by high concentra- 
tions of lactobacilli, is replaced by high concentrations 
of anaerobic bacteria, especially Bacteroides sp. and M3- 
biluncus sp., Gardnerella vaginalis, and M. hominis.” Sev- 
eral studies have suggested that bacterial vaginosis is 
associated with LBW and premature rupture of mem- 
branes.’ 7° 13-4 Premature rupture of membranes oz- 
curred significantly more commonly in the bacterial 
vaginosis group (46%) than in those without bacterial 
vaginosis (4%).*” In a cohort of pregnant women, bas- 


terial vaginosis in the second or third trimesters of 
pregnancy was associated with LBW and premature 
rupture of membranes by univariate analysis. Bacterial 
vaginosis remained significantly associated with pre- 
term labor (odds ratio 2.0, p < 0.05) and preterm pre- 
mature rupture of membranes (odds ratio 3.0, 
p = 0.03) in a multivariate analysis controlling for 
C. trachomatis and risk factors for premature delivery. 
No significant association was present between bacterial 
vaginosis and LBW in the multivariate analyses. In 
other studies, bacterial vaginosis with preterm labor” 
or preterm delivery with an odds ratio of 2 to 3. In 
the only cohort study in which patients were enrolled 
early in pregnancy ‘first prenatal visit), bacterial vagi- 
nosis was associated with a trend for an association with 
preterm labor (50% vs 29%), but these results were not 
statistically significant.” 

Untreated acute pyelonephritis is consistently asso- 
ciated with approximately a 30% risk of preterm labor 
and delivery. Asymptomatic bacteriuria (other than 
with group B streptococci) has been less consistently 
associated with an increased risk of LBW.***’ Only five 
of the 17 cohort studies that assessed birth weight re- 
ported a significantly increased incidence of prema- 
turity (LBW) in women with asymptomatic bacteri- 
uria.5! 5 54 61.63 However, in a meta-analysis in which 
weighting of studies was performed, women with 
asymptomatic bacteriuria had a 60% higher rate of 
LBW than nonbacteriuric women (95% confidence in- 


‘terval 1.4 to 1.9). Similarly disagreement exists among 


the four cohort studies that assessed gestational age as 
a complication of asymptomatic bacteriuria.** °°" Two 
studies demonstrated a significantly increased preterm 
delivery rate in patients with asymptomatic bacteri- 
urla,** © while two others did not.***! In a meta-analysis 
of all four studies, women with asymptomatic bacteri- 
uria had a 90% higher preterm delivery rate than non- 
bacteriuric women (95% confidence interval 1.3 to 
9.9.6 | 

A large number of studies have addressed the issue 
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Table III. Association of chorioamnion infection* with histologic chorioamnicnitis 







Series 
Hillier et al.” 112 61 
Pankuch et al.” 75 82 
Svensson et al.” 87 70 
Quinn et al.” 43 71 
Zlatnick et al.” 95 EI 


*Defined as a positive culture. 


of whether maternal genital tract colonization is asso- 
ciated with preterm labor, preterm delivery, or pre- 
mature rupture of membranes. The results are often 
conflicting. N. gonorrhoea and pyelonephritis have been 
highly related to preterm birth but their occurrence is 
infrequent. U. urealyticum in the genital tract is not as- 
sociated with premature delivery. For the remaining 
lower genital tract microorganisms mentioned and for 
asymptomatic bacteriuria, the association with prema- 
turity, where found, is low (relative risk 1.4 to 2) and 
perhaps confined only to subsets. For all of these mi- 
croorganisms, a more convincing cause-and-effect re- 
lationship would exist if the microorganism could be 
isolated from the amniotic fluid or placenta if women 
who are delivered of LBW infants have premature rup- 
ture of membranes. 


Histologic chorioamnionitis and prematurity 


Histologic chorioamnionitis, defined as inflammation 
of the extraplacental membrane, has been consistently 
linked with prematurity, LBW, and premature rupture 
of membranes. Histologic chorioamnionitis is detected 
in 19% to 74% of placentas from preterm deliver- 
ies and in 4% to 16% of placentas from term deliver- 
ies.'° 7! Although mothers with histologic chorioam- 
nionitis usually have no clinical evidence of infection, 
their infants have increased rates of sepsis and death.” 
The role of infection in the etiology of histologic cho- 
rioamnionitis has been investigated in several recent 
studies. In both preterm and term placentas, micro- 
organisms have been recovered in 51% to 71% of pla- 
centas with 23% to 45% of those without histologic 
chorioamnionitis (Table III).'*’*”* The relationship be- 
tween histologic chorioamnionitis and infection (posi- 
tive cultures) of the chorioamnion is strongest among 
preterm deliveries’? while it is less strong in term pla- 
centas.”° 

In spite of the strong statistical associations between 
chorioamnionitis and placental membrane infection, 
18% to 49% of placentas with histologic evidence of 
chorioamnionitis are culture negative. This may reflect 
lack of culture sensitivity or a nonmicrobial cause of 
inflammation. From 15% to 45% of infected mem- 
branes are free of inflammation (Table III). Chorioam- 


Chorioamnion infection 


Chorioamnionitis Chorioamnionitis 
No. present (%) absent (%) 






95% Confidence 
interval 


23 3.8 1.6-9.9 
15 14 3.6-60 
45 2.8 0.6-15.4 
28 6.6 1.3-35.3 
27 3.4 ].2-10.0 


nion infection without inflammation may be related 
either to infection that starts at or near the time of 
delivery (before an inflammatory response is produced) 
or to contamination by vaginal bacteria. The infre- 
quency of lactobacilli (a common vaginal contaminant) 
in placental cultures argues against frequent contami- 
nation (Table IV). 

Microorganisms most commonly isolated from the 
chorioamnion include U. urealyticum, facultative and 
anaerobic gram-positive cocci, G. vaginalis, and Bacier- 


„oides sp. (Table IV). Surprisingly, coliforms are uncom- 


mon isolates. Likewise, Haemophilus influenzae and 
N. gonorrhoeae are rarely recovered from the chorioam- 
nion even though these organisms can cause chorioam- 
nionitis when they are present.” * In spite of wide- 
spread attempts, C. trachomatis is rarely recovered from 
the placenta. Fastidious anaerobes including Mobiluncus 
and Fusobacterium sp. may be underrepresented in cur- 
rent studies because of difficulties in isolating these 
organisms. Thus species of the vagina are found among 
microorganisms causing placental infection, but many 
such species appear to have tropism for the placenta. 

While the association of histologic chorioamnionitis 
and prematurity has been well described, the effects of 
chorioamnion infection on the neonate are less under- 
stood. Histologic chorioamnionitis has been associated 
with an increased perinatal death rate, and infants born 
to women with chorioamnionitis have had a high prev- 
alence of elevated antibody to U. urealyticum.” The ef- 
fects of chorioamnion infection on neonatal outcome 
require further study to determine which placental 
pathogens present the greatest risk for poor neonatal 
outcome. 

How does chorioamnion infection lead to premature 
rupture of membranes and/or preterm delivery? 
Schoonmaker et al.” have demonstrated that group B 
streptococci significantly decreased placental mem- 
brane integrity (.e., lower bursting tension, less work 
to rupture, and less elasticity) in vitro, suggesting that 
placental infection could predispose to membrane rup-' 
ture. Bernal et al.*° have demonstrated that the fetal 
membranes from women with chorioamnionitis pro- 
duce significantly higher levels of prostaglandin Ey, in 
vitro. It is likely that production of prostaglandin Eg is 


1520 Gibbs et al. 


May 1992 
Am J Obstet Gynecol 


Table IV. Microorganisms recovered from chorioarnnion infection 


Hillier et al’? | Pankuch et al? 
= 112) (n = 75) 

Aerobes 

Group B streptococci 4 5 

Enterococci 0 5 

Viridans streptococci 2 0 

Staphylococci 0 12 

G. vaginalis 13 , 0 

Lactobacilli l 0 

Coliforms 0 1 
Anaerobes 

Bacteroides sp. 4 7 

Peptostreptococcus sp. 4 20 
Genital mycoplasmas 

M. hominis 6 ND 

U. urealyticum 29 ND 
Yeast 0 I 


ND, Not dene 


significantly higher in women with chorioamnion in- 
fection. Lamont et al.®- have demonstrated the Bacte-- 
oides-conditioned media—stimulated production of 
prostaglandin E, by human amnion cells in vitro. These 
authors suggested that bacterial phospholipase releases 
arachidonic acid from the amnion, leading to prostz- 
glandin E synthesis. Whereas further studies of how 
chorioamnion infection may cause preterm delivery are 
needed, the published data suggest that chorioamnion 
infection is strongly related to inflammation and weak- 


ening of the placental membrane and to stimulation ee 


prostaglandin production by the amnion. 


Amniotic fluid culture in premature labor 


Further evidence to link premacurity with infection 
comes from amniotic fluid cultures of patients with in- 
tact membranes in preterm labor. In view of differences 
in sample size, in definition of preterm labor, and in 
microbiologic techniques, it is not surprising that the 
percent of patients with positive cultures varied widely 
from 0% to 30%***! (Table V). In a recent large series 


positive cultures were present in 11% of 264 women ir 


preterm labor but in 22% of 111 women who were 
delivered within 24 to 48 hours of admission.” Patients 
in premature labor and with a positive amniotic fluid 
culture are usually delivered within 24 to 48 hours in 
contrast to culture-negative patients who tend to be 
delivered >30-days later.’ 3 d 

These data provide strong circumstantial, but not 
strong causal, evidence that infection causes the pre- 
term delivery. Difficulties in demonstrating a cause- 
and-effect relationship would require providing evi- 
dence (1) that infection preceded labor rather than vice 
versa, (2) that cultures are less frequently positive in 
comparable patients in term labor, :and (3) that anti- 
biotic therapy of those infected reduces preterm 
delivery. 


Chorioamnion culture (%) 


Svensson et al.” | Quinn et al.” | Zlatnich et al.” Overall 
(n = 87) (n = 43) (n = 95) (N = 412) 
3 2 5 4 
1 0 l 2 
14 0 4 5 
16 2 0 6 
0 0 4 4 

0 0 0 0.2 
2 2 l 0.7 
2 4 4 4 
6 0 8 8 

ND 2 4: 5 
ND 28 22 26 
2 0 0 0.7 


indirect “markers of infection” in 
premature labor 


Amniotic fluid cultures may be an insensitive test to 
detect infection that begins in the decidua or amnion. 
In fact, a high rate of positive chorioamnion cultures 
occurs in preterm births. Other “markers” of infection 
that have been assessed in patients in preterm labor 
include elevated C-reactive protein levels in maternal 
sera and short-chain organic acids (produced by bac- 


terial metabolism) in amniotic fluid, detected by gas- 


liquid chromatography. Elevated serum C-reactive pro- 
tein levels are part of the acute-phase reaction. Most 
women (86% to 88%) in preterm labor and with 
high C-reactive protein values do not respond to to- 
colytics.**? In contrast, most patients with a normal 
C-reactive protein level responded to tocolytics (77% 
to 94%) 92% 

Detection of abnormal organic acids in amniotic fluid 
was reported in all of six women in preterm labor, but 
in comparison none of five normal women not in labor 
had abnormal amniotic fluid acid levels. Only one had 
a positive culture. The authors suggested that the origin 
of these abnormal organic acids is bacterial growth in 
the uterine cavity. The report of Wager et al. did not 
confirm the value of the gas-liquid chromatography in 
this setting. | 

Other biochemical markers are discussed in the next 
section. | 


Biochemical mechanisms linking prematurity 
. and infection 


Prostaglandins. Until recently, prostaglandins have 
been considered the universal mediators of parturition 
in mammalian species.’ Traditional. evidence that 
supports the participation of prostaglandins in: the 


mechanism of labor in humans includes the following: 


(1) Administration of prostaglandins results in abortion 
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or labor; (2) treatment with prostaglandins inhibitors 
delays the process of midtrimester abortion and the 
onset of labor and can arrest preterm labor; (3) par- 
turition at term is associated with elevated amniotic 
fluid and maternal plasma concentrations of prosta- 
glandins; (4) arachidonic acid (prostaglandin precur- 
sor) concentrations in the amniotic fluid increase dur- 
ing labor; (5) intraamniotic administration of arachi- 
donic acid results in labor. 

The evidence supporting a role for prostaglandins 
in the mechanisms responsible for preterm labor is less 
firm than for term labor.'®'' In both plasma and am- 
niotic fluid, levels of prostaglandins have been either 
normial'°°!°? or increased’ '** in women in preterm la- 
bor. The discrepancies between these studies may be 
attributed to the heterogeneous nature of diseases caus- 
ing preterm labor. Patients with preterm labor and mi- 
crobial invasion of the amniotic cavity have significantly 
higher amniotic fluid concentrations of prostglandin E, 
and Fə, and their stable metabolites (bicycloprostaglan- 
din E, and 13,14-dihydro-15-keto-prostaglandin F,,) 
than women in preterm labor with negative amniotic 
fluid cultures.!°"! In contrast, amniotic fluid concen- 
trations of prostaglandins E and Fə are not different 
between women in preterm labor with negative amni- 
otic fluid cultures and women without labor with neg- 
ative cultures at similar gestational ages.’” These find- 
ings are consistent with -the observation that the 
production of prostaglandins by amnion and chorion- 
decidua is higher in patients with preterm labor and 
histologic chorioamnionitis than in patients with no ev- 
idence of placental inflammation. These data suggest 
an increased bioavailability of prostaglandins in pre- 
term parturition associated with infection. It remains 
to be proved whether prostaglandins play a role in pre- 
term labor not associated with infection. 

Arachidonate lipoxygenase metabolites. Metabolites 
of arachidonic acid derived through the lipoxygenase 
pathway involving leukotrienes and hydroxyeicosate- 
traenoic acids have also been implicated in the mech- 
anisms of spontaneous parturition at term.'!*'!7 Ara- 
chidonate lipoxygenase products are inflammatory me- 
diators, so it is possible that they also participate in the 
mechanisms of preterm labor associated with infection. 
Concentrations of 5-hydroxyeicosatetraenoic acid, leu- 
kotriene B,, and 15-hydroxyeicosatetraenoic acid are 
increased in the amniotic fluid of women with preterm 
labor and with microbial invasion of the amniotic 
cavity. "® Similarly, amnion from patients with his- 
tologic chorioamnionitis releases more leukotriene B, 
in vitro than amnion from women delivered preterm 
without inflammation.” | 

The precise role of arachidonate lipoxygenase prod- 
ucts in parturition in association with infection remain 
to be determined. 5-Hydroxyeicosatetraenoic acid and 
leukotriene C, may stimulate uterine contractility, and 
leukotriene B, may recruit neutrophils to the site of 
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Table V. Amniotic fluid culture results from 


patients in premature labor 
Positive (%) 


Series and year 


Harger et al.” 1991 38 0 
Weibel and Randall,” 1985 35 3 
Wahbeh et al., 1984 27 4 
Duff and Kopelman,” 24 4 
1987 
Skoll et al.,% 1989 127 6 
Leigh et al.,” 1936 59 12 
Miller et al.,*° 1986 15 20 
Romero et al.” 1989 264 20 
Bobitt et al., 1981 29 21 
Gavett et al., 19865 54 24 





infection and participate in the regulation of the 
cyclooxygenase pathway.’ ' Leukotriene B, has 
been shown to act as a calcium ionophore’™ and 
thus may increase phospholipase activity and enhance 
the rate of prostaglandin synthesis by intrauterine 
tissues. 

Bacterial products. For the past decade the expla- 
nation of the onser of labor in the setting of infection 
has been that bacterial products directly stimulate pros- 
taglandin biosynthesis’ '° and bacterially conditioned 
media stimulate prostaglandin production by human 
amnion.'?”!*° Although the specific product(s) respon- 
sible for this effect has not been established, one can- 
didate is endotoxin (lipopolysaccharide). Lipopolysac- 
charide is a component of the wall of gram-negative 
bacteria, and it can stimulate prostaglandin production 
by macrophages, amnion,’ and decidua. ™! Lipopoly- 
saccharide has been found in the amniotic fluid of 
women with intraamniotic infections, ">? and in cases 
of preterm premature rupture of membranes, amniotic 
fluid concentrations of endotoxin are higher in patients 
in labor than in patients not in labor.’** Other bacterial - 
products that may stimulate prostaglandin production 
are peptidoglycans in cases with gram-positive bacterial 
infection. 

However, bacterial products alone may not be re- 
sponsible for the onset of preterm labor in the setting 


` of infection. One third of women with preterm pre- 


mature rupture of membranes without labor have or- 
gansims in the amniotic cavity, suggesting that the pres- 
ence of microorganisms in the amniotic cavity per se is 
not sufficient to produce labor. Further, the effects of 
microbial products on prostaglandin production by in- 


' trauterine tissues are highly dose dependent and may 


even be inhibitory. The quantitative aspects of these 
biologic effects appear important. For example, the 
concentrations of lipopolysaccharide required to elicit 
prostaglandin production by amnion cells are rarely 
present in the amniotic cavity." 

Cytokines. ‘he traditional view has been that 


: through the release of toxins or enzymes the micro- 


organisms were directly responsible for the metabolic 
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derangements associated with infection. It has now 
been established that endogenous host products se- 
creted in response to infection are responsible for many 
of the effects of infection. In endotoxin shock, for ex- 
ample, bacterial endotoxins exert their deleterious ef- 
fect through the release of endcgenous mediators such 
as tumor necrosis factor and interleukin-l. 

Parturition in the setting of infection may be signaled 
by secretory products of macrophage activation (mon- 
okines), including interleukin-1. tumor necrosis factor, 
and interleukin-6. The first monokine implicated in the 
onset of labor in the setting of intection was interleukin- 
l: (1) Interleukin-1 stimulates prostaglandin produc- 
tion by amnion and decidua in vitro™; (2) human de- 
cidua can produce interleukin-1 in vitro in response to 
bacterial products!” 8; (3) amniotic fluid interleukin- 
l bioactivity and concentrations are elevated in patients 
with preterm labor and bacteria in the amniotic cav- 
ity,’*? but interleukin-] is not present in fluid from pa- 
tients with preterm labor and ro bacteria; (4) among 
patients with preterm premature rupture of mem- 
branes and bacteria in the amniotic cavity, amniotic 
fluid interleukin-1 bioactivity and concentrations are 
higher in patients with than in those without labor,’ 
indicating it is not the presence of microorganisms per 
se but rather the host response that ts associated with 
parturition; (5) in vitro perfusion of human uteri with 
interleukin-1 elicits uterine contractility (unpublished 
data); (6) administration of interleukin- to pregnant 
animals leads to abortion and preterm labor (Romero 
R, Mazor M, Tartakovsky B. Unpublished observa- 
tions). 

Tumor necrosis factor, a cytokine released during 
macrophage activation, ts also capable of stimulating 
prostaglandin production by several cell types. Evt- 
dence supporting a role of tumor necrosis factor in 
human parturition in the setting of infection includes: 
(1) Tumor necrosis factor stimulates prostaglandin pro- 
duction in vitro by human amnion and decidua'’™ =°; 
(2) tumor necrosis factor is produced by human ce- 
cidua in response. to bacterial products'*" 1; (3) tumor 
necrosis factor is absent in normal amniotic fluid but 
present in the amniotic fluid of patients with intraam- 
niotic infection and preterm labor’; (4) tumor necrosis 
factor can induce premature labor when administered 
to pregnant mice (Romero R. Unpublished observa- 
tions). 

Interleukin-6 is also a major mediator of the hest 
response to infection. Interleukin-6 is produced by a 
variety of cells including macrophages and endometrial 
stromal cells. Major change in the biochemical, physi- 
ologic, and immunologic status of the host occurs from 
interleukin-6, including an acute-phase plasma protein 
response and the induction of other cytokines such as 
interleukin- 1 and tumor necrosis factor. Women in pre- 
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term labor with intraamniotic infection had higher am- 
niotic fluid levels of interleukin-6 than women in pre- 
term labor without intraamniotic infection.’* 1 

Macrophage colony-stimulating factor is a cytokine 
that is capable of regulating the number of macro- 
phages and their level of activation. Macrophage-col- 
ony stimulating factor is produced by human decidual 
explants in response to lipopolysaccharide and it is 
present in the amniotic fluid of women in preterm labor 
with intraamniotic infection. 

Noncytokine bioactive agents secreted during the in- 
flammatory process may also participate in this process. 
Platelet-activating factor is a lipid that is present in the 
amniotic fluid of women with preterm labor. This com- 
pound is capable of stimulating prostaglandin E, pro- 
duction by amnion and of directly stimulating myo- 
metrial contractions. 

This evidence suggests that the host products of mac- 
rophage activation (cytokines) play a role in the mech- 
anism of human parturition in the setting of infection. 
Systemic maternal infections, such as pyelonephritis, or 


localized infections, such as deciduitis, could signal par- 


turition through monocyte-macrophage activation in 
peripheral blood and decidua. Preterm labor can be 
viewed as an event occurring when the intrauterine or 
maternal environment is hostile and threatens the well- 
being of the fetus. The initiation of preterm labor in 
the setting of infection may be considered to have sur- 
vival value. 


Antibiotic trials to prevent premature birth 


With the evidence that subclinical infection is a major 
cause of preterm birth, the logical extension is to con- 
duct antibiotic intervention trials in an attempt to pre- 
vent prematurity. Trials to date have generally been of 
three designs: (1) antibiotic trials conducted antepar- 
tum in patients at high risk for preterm delivery; (2) 
antibiotic trials among women with premature labor 
but with intact membranes, as adjuncts to standard to- 
colytic therapy; and (3) antibiotic trials among women 
with preterm premature rupture of membranes but 
without preterm labor. 

In the first antepartum antibiotic trial, patients with 
genital mycoplasmas in the lower genital tract were en- 
rolled in a trial of erythromycin versus placebo for 6 
weeks.” "5 Women in the erythromycin group, as com- 
pared with the placebo group, had a significantly higher 
mean birth weight (3331 vs 3187 gm, p = 0.04) anda 
lower rate of LBW (3% vs 12%, p = 0.06). In a study 
sponsored by the National Institutes of Health con- 
ducted at five centers, >900 patients with lower genital 
tract U. urealyticum were randomized to either eryth- 
romycin or placebo from the twenty-eighth through the 
thirtv-fifth week of gestation.* Patients in the eryth- 
romycin group, compared with the placebo group, ex- 
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Table VI. Summary of antibiotic trials to delay delivery in preterm labor 







Significant results in antibiotic group 














- Decrease in 
Delay in Increase in Increase in perinatal 
Series and year No. delivery birth weight. | term delivery mortality. 
McGregor et al.” 17 Erythromycin orally for Yes p = 0.07 No No 
1986 7 days 
Newton et al., 1989 95 Ampicillin intravenously No No No No 
for 2 days plus eryth- 
romycin for 4 days 
Morales et al.,™*" 1988 150 Ampicillin orally or Yes No Yes* No 
erythromycin orally, 
either for 10 days ; 3 
Winkler et al.,' 1988 19 Erythromycin orally for Yes No Not reported No 


7 days 





*For ampicillin versus placebo. 


perienced no improvement in any of the following mea- 
sures: rate of LBW, premature labor, preterm delivery, 
or preterm premature rupture of membranes. In the 
third study 229 patients at high risk for preterm deliv- 
ery were randomized to a 7-day course of erythromycin 
or placebo. No significant differences were present 
between the erythromycin and the placebo groups in 
preterm birth (7% vs. 8%), mean birth weight 
(3132 + 588 vs 3099 + 548 gm), or preterm prema- 
ture rupture of membranes (1.7% vs 4.6%). A signifi- 
cant reduction was observed in premature rupture of 
membranes at term between the groups (6% vs 16%, 
p = 0.01). 

In two studies patients with cervical C. trachomatis 
were assessed for the effect of antibiotic treatment of 
_ pregnancy outcome. Patients successfully treated for 
C. trachomatis (n = 244) had significantly lower rates of 
premature rupture of membranes, premature labor; 
and small-for-gestational-age infants when compared 
with those who failed to respond (n = 79). In a sec- 
ond report pregnancy outcome was studied in C. tracho- 
matis—positive untreated patients (n = 1110), C. tra- 
chomatis~positive treated patients (n = 1327), and 
C. trachomatis—negative women (n = 9111). The un- 
treated C. trachomatis—positive group had significantly 
increased rates of premature rupture of membranes 
and LBW and lower survival rates compared with those 
of both the treated C. trachomaiis—positive group and 
those with negative cultures.'* However, retrospective 
nonrandomized studies such as these are less convinc- 
ing because of possible confounding factors. _ 

In the first trial of the adjunctive use of antibiotics 
in patients in premature labor with intact membranes, 
a subgroup of patients with cervical dilatation between 
I and 5 cm who received adjunctive erythyromycin, as 
compared with the placebo group had significant pro- 
longation of pregnancy (32 + 11 vs 22 + 7 days, 
p = 0.02), a significant improvement in patients deliv- 


ered at term (87% vs 33%, p = 0.04), and an improve- 
ment in birth weight (2943 + 483 vs 2615 + 459 gm, 
p = 0.07). Three additional studies of similar design 
have been reported.'®*! In patients in preterm labor 
who received either ampicillin plus erythromycin for 4 
days or placebo, there was no decrease in preterm birth 
(38% in the antibiotic group vs 44% in the placebo 
group).!° In patients in idiopathic preterm labor ran- 
domized to one of the following regimens: ampicillin 
orally for 10 days, erythromycin orally for 10. days, or 
no antibiotic,” those receiving either ampicillin or 
erythromycin had significant prolongation of the preg- 
nancy (31.7 days for ampicillin vs 28.5 days for eryth- 
romycin and 16.6 days for controls, p < 0.05) and pa- 
tients receiving ampicillin compared with those receiv- 
ing placebo also had a significantly higher rate of term 
delivery (45% vs 15%, p.< 0.05). Among patients in 
idiopathic preterm labor randomized to either eryth- 
romycin for 7 days or placebo, a significant prolonga- 
tion of the pregnancy occurred in the erythromycin 
group versus the placebo group (43 + 25 vs 10 + 19 
days, p < 0.05).!" Although there may be several rea- 
sons to explain the inconsistency of antibiotics in de- 
laying delivery, there appear to be differences regard- 
ing the investigators’ “intent to treat.” For example, in 
the only “negative study” a high percentage of enrolled 
women were analyzed’ whereas in the “positive stud- 
iés” the percentage of enrolled patients ultimately an- 
alyzed was small.™*® '! Even when antibiotic treatment 
has led to a prolongation of pregnancy, its use has not 
been accompanied by a consistent increase in birth 
weight and has not led to a decrease in perinatal mor- 
tality (Table VI). 

Several recent randomizéd antibiotic trials have been 
conducted among patients with preterm premature 
rupture of membranes (Table VII). The hypothesis of 
these studies was that subclinical infection either causes 
premature rupture of membranes as a primary event 


1524 Gibbs et al. 


May 1992 
Am J Obstet Gynecol 


Table VII. Summary of antibiotic fas to delay delivery after preterm premature rupture of membranes 


Series and year 


Amon et al.,! 1988 


Morales et al.,* 1989 


Johnston et al., 1990 


Christmas et al.,'°¢ 
1990 







No. ` 

83 , Ampicillin intrave- 
nously, then orally 
until delivery - 

82 Ampicillin intravenously 


“pending cultures” 
85  Mezlocillin intreve- 
nously, ampiallin 
orally until delivery 
56.  - Ampicillin gentamicin, 
' - clindamyin intrave- 


nously for 1 day, 


amoxicillin ard clavu- 
lanic acid for 7 days 


t 


or causes the premature labor that ensues after preterm 
premature rupture of membranes. A significant in- 


crease was observed in pregnancies delivered >1 week 


after premature rupture of membranes in the ampi- 
cillin group versus the no-ampicillin group (47% vs 
26%, p-= 0.05). This prolongation of pregnancy was 
not accompanied by a significant difference between 
groups in birth weight, gestaticnal age at delivery, or 


hospital stay >30 days. In another report patients with | 


preterm premature rupture of membranes were given 
betamethasone and randomized to ampicillin or no am- 
picilin.’** No significant difference. was found between 
those who had and those who kad not received ampi- 
cillin in birth weight or in survival (98% vs 89%). Pa- 
tients receiving ampicillin compared with those not re- 
ceiving ampicillin had significantly less clinical amnio- 
nitis (4% vs 26%, p < 0.01). In the. third study neither 
corticosteroids nor tocolytics were given to patients with 
preterm premature rupture of membranes.” Patients 
randomized to antibiotics versus placebo had a signif- 
icant prolongation of pregnancy =7 days (45%.vs 1&%, 
p<0.01), a significant increase in birth weight 
(1897 + 600 vs 1587 + 592 gm, p < 0.05), and a de- 
crease in neonatal hospital stay >30 days (18% vs 38, 
p < 0.05). No significant differences wére reported in 
perinatal mortality. In a smaller study antibiotic therapy 
compared with expectant management of patients with 
preterm premature rupture of membranes was asso- 
ciated with prolongation of pregnancy =8 days (36% 
of antibiotic groups vs 10% of expectant group, 
p < 0.05) but with no significant difference in mean 
birth weight, perinatal mortality, or respiratory distress 
syndrome.’ These authors concluded that interven- 
tion with antibiotics delayed labor but. offered no ap- 
preciable perinatal advantage. 

In addition to these randomized trials there have 
been several interesting, innovative reports regarding 


§ ignificant results in antibiotic group 











Delay d | Increase Decrease in 
in Increase in in term perinatal 

delivery birth weight delivery mortality 
Yes No No 
Yes No No No 
Yes Yes Yes No 
Yes No No No 


the use of antibiotics in premature rupture of mem- 
branes. Successful eradication of “bacterial coloniza- 
tion”. of the amniotic fluid was achieved by parenteral 
maternal antibiotic therapy in a preterm gestation with 
premature rupture of the membranes at 29 weeks’ ges- 
taton.” Transcervical infusion of antibiotics into the 
amniotic cavity has occurred in patients with preterm 
premature rupture of membranes." ®° Substantial an- 
tibiotic concentrations were achieved in the amniotic 
fluid, but the safety and efficacy of this approach have 
not been established. 

In conclusion, current antibiotic trials allow no def- 
inite conclusion as the efficacy of antibiotics in pro- 
longing pregnancy in patients with either preterm labor 
or preterm premature rupture of membranes. These 


discordant results may result from population differ- 


ences. Antibiotics would be expected to have no effect, 
for example, among the subset of women with preterm 
labor—premature rupture of membranes if the cause 
is not infection. Differences in analysis of eligible pa- 
tients also may have been important. For example, a 
positive study might be more likely if the investigators 
limited analysis to patients who completed versus those 
who did not complete the antibiotic course. Additional 
trials seem appropriate in view of results to date. How- 
ever, randomized trials need to be conducted in selected 
groups at high risk for preterm delivery and/or infec- 
tion or preferably in groups with specific infections or 
with evidence of preexisting infection such as histologic 
chorioamnionitis. 
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BASIC SCIENCE SECTION 





In the rhesus monkey placental retention after fetectomy at 


121 to 130 days’ gestation outlasts the normal duration 


of pregnancy 


P.W. Nathanielsz, MD, PhD, J.P. Figueroa, MD, PhD, and M.B.O.M. Honnebier, MD 


Ithaca, New York 


OBJECTIVE: Our aim was to reassess the role of the fetus in the initiation of parturition in nonhuman 
primates. We tested the effect of the removal of the fetus at 121 to 130 days’ gestation on the duration of 


gestation in pregnant rhesus monkeys. 


STUDY DESIGN: Nine monkeys underwent fetectomy with the placenta in situ. Five monkeys underwent 


surgery without removal of the fetus. 


RESULTS: In five control monkeys spontaneous vaginal delivery of live fetuses occurred at 163.8 + 4.6 
days’ gestation (mean + SD). In four of nine monkeys that underwent fetectomy the placenta delivered 
spontaneously at 185, 193, 201, and 207 days’ gestation. The five remaining monkeys underwent 
cesarean section at 162, 189, 201, 202, and 219 days’ gestation. Duration of placental retention in 
monkeys that underwent fetectomy (195 + 16.1 days’ gestation) exceeded that in controls (p < 0.05). 
Piasma progesterone and estradiol concentrations were normal for gestational age at fetectomy, indicating 


continued placental function. 


CONCLUSION: We conclude that the presence of a live fetus plays a significant role in the determination 
of the duration of normal pregnancy in the rhesus monkey. (AM J OBSTET GYNECOL 1992;166:1529-35.) 


Key words: Parturition, fetectomy, estradiol, progesterone, placenta, gestation length 


The fetus plays a major role in the determination of 
the duration of gestation in the sheep. In this species 
decreased function of the fetal hypothalamopituitary- 
adrenal axis after placement of bilateral fetal para- 
ventricular lesions,’ fetal pituitary stalk section, fetal 
hypophysectomy, and bilateral fetal adrenalectomy? re- 
sults in the prolongation of gestation. Conversely, in- 
fusions of either adrenocorticotropic hormone?’ or 
physiologic doses of cortisol’ intravascularly to the fetal 
sheep will initiate parturition prematurely. It is unclear 
whether the primate fetus actively participates in the 
initiation of parturition. Controversy persists partly on 
the basis of results obtained in two studies that used 
different experimental approaches. First, large doses 
of glucocorticoids administered to the pregnant rhesus 
monkey will prolong gestation.* Second, in one often- 
quoted study removal of the fetus from 11 pregnant 
monkeys at a wide range of gestational ages (70 to 157 
days’ gestation) resulted in delivery of the placenta be- 
tween 114 and 184 days’ gestation. These authors 
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stated, “The onset of labor is shown to be unquestion- 
ably independent of the immediate presence of the 
fetus.” 

Somewhat different results were obtained by Lan- 
man et al.,° who performed fetectomy in 13 pregnant 
rhesus monkeys. In this study the fetuses were also 
removed over a'wide period, between 60 and 140 days’ 
gestation. Estradiol or dexamethasone was adminis- 
tered to five of the 13 monkeys in connection with other 
studies., No contemporaneous control animals were 
used in either the study of Lanman et al. or the study 
by van Wagenen and Newton. Lanman et al.® stated 
that in five of the eight animals that underwent fetec- 
tomy but received no other treatment the placenta was 
delivered outside the normal gestational age limits. 
Two of these five animals were only 4 days outside the 
given limits when the placenta was delivered. 

To evaluate the role of the nonhuman primate fetus 
in determining the duration of gestation, instrumen- 
tation and fetectomy were performed in nine pregnant. 
rhesus monkeys and five control pregnant monkeys 
underwent instrumentation in a similar way without 
fetectomy. Our major goal was to obtain data that would 
allow firm statistical comparison between the duration 
of placental retention after fetectomy and the duration 
of pregnancy in contemporaneous sham-operated con- 
trols. We also wished to evaluate the maintenance of 
plasma progesterone and estradiol concentrations after 
fetectomy. In addition, we wished to compare the pat- 
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Fig. 1. Plasma progesterone concentrations in rhesus monkeys after fetectomy (@) at different ges- 
tational age windows (mean + SD). Plasma progesterone in four control monkeys is shown (©) as 
mean + SD at 119 to 149 days’ gestation. n, Number of animals sampled at each gestational age. 


terns of myometrial activity observed in pregnant mon- 
keys after fetectomy with previous observations in in- 
tact pregnant rhesus monkeys at similar stages of ges- 
tation.’ - 


Material and methods 


_ Care of animals. Fourteen pregnant rhesus monkeys 
of known gestational age from the California Regional 
Pr:mate Research Center (Davis, Calif.) were studied. 
They were acclimated to the laboratory conditions as 
previously described.* Photoperiod in the animal lab- 
oratory was 14 hours light and 10 hours dark with ligkts 
off at 2 pM. Instrumentation was performed in five 
control pregnant rhesus monkevs at 99 to 107 davs’ 
gestation with a maternal femoral artery and vein cath- 
eter and myometrial electromyogram leads. An intra- 
uterine pressure catheter was placed in the uterus 
through a small incision, as previously described.’ In a 
further nine pregnant monkeys surgery was conducted 
at 121 to 130 days’ gestation. In addition to the place- 
ment of the above-mentioned instrumentation, the 
uterine incision was extended to permit removal of the 
fetus. The fetus was euthanized by exsanguination 
while it was still under the influence of halothane gen- 
eral anesthesia. The umbilical cord was ligated twice, 
followed by section between the ties and removal of the 
fetus, with the placenta left in situ. | 
The monkeys were maintained postoperatively on a 
tether-and-swivel system that permitted sampling of 
maternal blood and recording of myometrial activity.® 
Blood samples for measurement of plasma progester- 
one levels were taken at three fixed times in relation to 
the lighting regimen: 4 and 9 hours after the ligkts 
went on and | hour after the lights went off. The mean 


value for each day was used for statistical analysis. 
Plasma estradiol value for each individual animal was 
the mean of 15 samples taken at 4-hour intervals for 
56 hours. Cesarean section was performed with animals 
under halothane general anesthesia to remove the pla- 
centa and terminate the study in five of the monkeys 
that underwent fetectomy. 

Radioimmunoassay procedures. The radioimmu- 
noassays used to measure maternal plasma progester- 
one and estradiol levels in rhesus monkeys have been 
described in detail.” 

Recording and analysis of myometrial electromy- 
ogram. Myometrial electromyogram signals were re- 
corded on a computer-based data acquisition system 
and analyzed both as discrete epochs and also by power 
spectral analysis for dominant specific sine components 
as previously described.’ 

Statistical analysis. Results are given throughout as 
mean + SD, and the two groups were compared by the 
two-sample ¢ test. Significance was accepted atp < 0.05. 


Results 


Gestational age at the time of delivery of the pla- 
centa. In the five contro] monkeys live fetuses were 
delivered spontaneously at 165, 159, 159, 167, and 169 
(163.8 + 4.6) days’ gestation. In four of the nine mon- 
keys that underwent fetectomy the placenta was deliv- 
ered vaginally at 185, 193, 201, and 207 days’ gestation, 
after the spontaneous onset of uterine contractions. 
The placenta was removed by cesarean section at 162, 
189, 201, 202, and 219 days’ gestation in the other five 
monkeys that underwent fetectomy. The cesarean sec- 
tion at 162 days was necessary because of prolapse of 
the stump of the umbilical cord through the cervix, 
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Fig. 2. Plasma estrogen concentration in seven monkeys after fetectomy ($). Each value 1 is mean + SD 
of 15 samples taken at 4-hour intervals during 56 hours. For comparison, mean + SD value for 
four controls is also shown (©), with samples over range of 112 to 149 days’ gestation. 


thereby presenting a risk of intrauterine infection. This 
animal was not in labor before prolapse. None of the 
other four monkeys that underwent fetectomy was in 
labor at the time of elective cesarean section. The ges- 


tational age at delivery of the placenta in the group . 
16.1 days’ ges- . 


that underwent fetectomy was 195 + 
tation, which significantly outlasted the duration of 
pregnancy in the controls (p < 0.05). 

Maternal arterial plasma progesterone and estradiol 
concentrations. Plasma progesterone concentrations 
were well maintained after fetectomy (Fig. 1). At 160 
to 169 days’ gestation in five animals from which sam- 
ples were available for progesterone measurement, the 
plasma progesterone level was 4.2 + 2.4 ng: ml~*. Ma- 
ternal plasma estrogen was also well maintained after 


fetectomy. In the nine animals that underwent fetec- . 


tomy maternal plasma estradiol (mean over 56 hours) 
ranged from 282 pg- ml=! at 136 days’ gestation to 
265.8 pg > mi~' at 171 days (Fig. 2). These values were 
similar to those found in four control intact rhesus 
monkeys studied over 112 to 149 days’ gestation, 
334.6 + 140 pg: ml"'. 

Myometrial activity. In the current study the pre- 
dominant form of myometrial activity observed before 
delivery in both groups of monkeys was of the: con- 
tracture type, which was similar to the activity we ob- 
served in >50 intact pregnant rhesus monkeys studied 
at this stage of gestation and the five controls used in 
this study. Data from three monkeys that underwent 
fetectomy and three control monkeys recorded when 
myometrial activity was in the contracture mode are 
shown in Fig..3. 

Monkeys that underwent fetectomy did occasionally 
have contraction-type activity. When this occurred, it 


happened characteristically during the hours of dark- 


ness (Fig. 4) and was clearly distinct from the contrac- 
ture pattern. In our previous study in pregnant mon- 
keys during contracture activity, power spectral analysis 
showed the majority of the spectral power (64.7%) be- 
low 0.11 cycles: min-'. We designated frequencies 
<0.11 cycles - min“! as the contracture window. Power 
spectral analysis was performed on myometrial activity 
during the night at 30 and 50 days after fetectomy. In 
eight of the nine animals that underwent fetectomy for ` 
_ which myometrial electromyographic data were avail- 
able, the myometrial activity present in the contracture 
window was 61.8% + 12. 9% and 68.1% + 13.3% at 30 
and 50 days after. fetectomy, respectively. i 
. We have demonstrated previously that when intact 
‘rhesus monkeys go into labor at term there i is a switch 
from contractures to contractions around the time the 
lights go off in the animal's environment. ‘After a few 
_ hours the contractions switch back to contractures. In 
intact animals the switch from contractures to contrac- 
tions recurs and intensifies in a 24-hour periodic fash- 
ion until delivery eventually occurs (Fig. 5). The switch 
from contractures to contractions did not show this 
recurring pattern in fetectomized monkeys in which 
the placenta was delivered vaginally (Fig. 6). 
Placental weight. The placenta weighed 112. 8+ 
29, l gm in the five animals from which it was removed _ 
by cesarean section. In the other four anitnals the pla- 
centa was at least partially eaten by the mother and 
hence the weights were not available. The five fetuses 
-in these pregnancies weighed 338 + 31.9 gm when re- 
moved at fetectomy. According to the data provided 
by Cheek" placental weight can be calculated in 
the rhesus monkey from the formula: Placental 
weight = 0.19 ‘Fetal weight) + 37.06. With this for- 
mula the estimated placental weight at the time the 
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Fig. 3. Myometrial electromyogram recordings to show basic 
contracture pattern of uterine contractility in three fetectom- 
ized monkeys on day 20 after fetectomy (A) and three control 
monkeys (B) observed between 141 znd 160 days’ gestation. 
Contracture activity was basic form of myometrial activity 
throughout this period. 


fetuses were removed would be 101.3 gm. Thus the 
placentas had remained at about the size they were 
when the fetus was removed. Placental weights 
were not available for control monkeys because tke 
mother eats the placenta immediately after vaginal de- 
livery. 


Comment 

Experiments that clearly define the role of the fetal 
hypothalamohvpophyseal-adrenal axis in the initiation 
of parturition in the sheep have been difficult to re- 
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Fig. 4. Similarity of myometrial contraction-type activity as 
shown by myometrial electromyogram when uterus was in 
contractions mode in one fetectomized monkey 50 days after 
fetectomy (A) and one control monkey (B). 


produce in nonhuman primates. The nonhuman pri- 
mate species used for these studies has almost exclu- 
sively been the rhesus monkey.'*"* A major problem in 
studies that involve intrauterine surgery and fetal in- 
strumentation in this species is the tendency of the 
monkey to subsequent premature delivery. Therefore 
comparison of the duration of gestation in pregnant 
monkeys that have undergone experimental intrauter- 
ine surgery on the fetus with the duration of gestation 
in animals not operated on is less than optimal. This 
high incidence of premature delivery complicates the 
evaluation of studies designed to prolong gestation. In 
the current study we have assessed the fetal role in the 
determination of the duration of gestation by exam- 
ining the effect of fetectomy on retention of the pla- 
centa and patterns of myometrial activity. 

Van Wagenen and Newton? performed fetectomy at 
a very wide gestational age range (70 to 157 days) to 
investigate the role of the fetus in the initiation of de- 
livery in the pregnant rhesus monkey. In the current 
study we sought to keep the gestational age at fetectomy 
within a narrow window (121 to 130 days; approxi- 
mately 75% of the normal duration of pregnancy, 
which is 168 days in this species). We chose the window 
121 to 130 days’ gestation to perform the fetectomy 
because this period immediately precedes the marked 
increase in fetal adrenal growth and rise in fetal plasma 
dehydroepiandrosterone level that precedes birth in 
the monkey.” 

When fetectomy data in the available studies in the 
monkey and other species are compared, it is necessary 
to take into account the gestational age at which the 
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Fig. 5. Myometrial electromyogram from 9:30 to 11:30 PM on 

day of delivery and two previous nights in intact prégnant 

rhesus monkey delivered at 165 days’ gestation. Lights on at 

12 midnight and off at 2 pM. D-0, Day of delivery; D-J ane 
D-2, 1 and 2 days before delivery, issperveyy: 


fetus was removed. In the Van Wagenen and Newton 
study, in general, the earlier in gestation the fetectomy 
was performed, the earlier the delivery of the placenta 
occurred. In another study three monkeys underwent 
fetectomy at 69 to 73 days’ gestation. Fetectomy was 
followed by spontaneous vaginal delivery of the pla- 
centa at 116, 159, and 163 days’ gestation.’ In addition, 
four monkeys that underwent fetectomy at 107 to 119 
days’ gestation had the placenta removed by cesarean 
section at 167, 167, and 169 days, corresponding to the 
time of normal spontaneous delivery in the rhesus mon- 
key. Thus information on when these placentas could 
have delivered spontaneously is lacking.'® 

In our studies the placenta remained viable as dem- 
onstrated by maternal plasma progesterone (2 to 
5 ng- ml~') and estradiol (250 to 500 pg: ml~*) con- 
centrations that were within the normal midpregnancy 
range for intact animals in our laboratory and that of 
others.” The weights of the five placentas we were able 
to measure were maintained at the level they would 
have been at the time of fetectomy.’! Normal maternal 
progesterone concentrations have been observed in all 
fetectomy studies to date in the rhesus monkey.”* Tull- 
ner and Hodgen’? demonstrated a fall in maternal es- 
tradiol level in one pregnant rhesus monkey that un- 
derwent fetectomy at 73 days’ gestation and one at 116 
days’ gestation. In contrast, Dorfman and van 
Wagenen” found no significant change in urinary es- 
trogen excretion after fetectomy. 

It is important to compare our findings on placental 
retention and estrogen and progesterone plasma con- 
centrations in the rhesus monkey after fetectomy with 
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Fig. 6. Myometrial electromyogram from 9:30 to 11:30 PM on 
day of delivery and two previous nights in monkey after fe- 
tectomy that was delivered at 185 days’ gestation. Lights on 
at 12 PM and off at 2 pM. D-0, Day of delivery; D-1 and D-2, 
l and 2 days before delivery, respectively. 


observations made by Albrecht et al.'™? in another non- 
human primate species, the baboon, after fetectomy. 
Both similarities and differences exist. Studies in both 
species agree that the placenta remains viable after 
fetectomy'*** as determined by the ability of the pla- 
centa to convert androgens to estrogen.’* However, af- 
ter fetectomy in the baboon at midgestation, maternal 
estradiol concentrations fall to low or undetectable 
levels. This observation suggests that in the absence of 
the fetus the supply of C19 precursors to the placenta 
is inadequate. The current studies in rhesus monkeys 
that underwent fetectomy at 75% of gestation show that 
adequate maternal precursors are available to maintain 
estrogen concentrations at the level present at the time 
of fetectomy. The most likely source of androgenic pre- 
cursors for estrogen production in the monkey after 
fetectomy is the maternal adrenal. The failure of ma- 
ternal estrogens to rise after 155 days’ gestation sup- 
ports the view that the fetus provides the precursors 
for the normal prepartum increase in maternal es- 
trogens. 

In the pregnant baboon maternal progesterone falls 
64% to 80% after fetectomy.” In contrast, maternal 
progesterone levels were maintained within the normal! 
pregnancy range in the rhesus monkey after fetectomy 
in both our study and that of others.’® After fetal death 
in pregnant women, the maternal progesterone level is 
maintained although maternal estrogen production de- 
creases.” Whether the continued production of pro- 
gesterone in the rhesus monkey is due to a rejuvenated 
corpus luteum or maintained placental function re- 
mains to be determined. In any event our study dem- 
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onstrates that in the rhesus monkey, after fetectomy 
but with retention of the placenta, plasma progesterone 
and estrogen concentrations are maintained well above 
nonpregnant levels and. within the ‘midpregnancy 
range. In the baboon after feteccomy in midpregnancy 


the placenta is delivered at term. Administration of. 


estrogen to the baboon after fetectomy will maintain 
maternal progesterone concentrations and results in 
the retention of the placenta in utero past the normal 
length of gestation.” Thus the differences in pro- 


gesterone production after fetectomy in the monkey - 


and baboon may ‘be determined in large measure by 
differences in estrogen production. These interest:ng 
differences after fetectomy between ‘the baboon and 
tke monkey merit further ï investigation. 

None of the previous: studies involving .fetectomy 
have been conducted in chronically instrumented an- 
imals to permit continuous evaluation of myometrial 
activity. In the current study we observed that myo- 
- metrial activity after fetectomy i in the monkey through- 
out the period of observation consisted almost entirely 
of long-lasting, contracture-typ2 myometrial epochs. 


This type .of myometrial ‘activity is the predominant . 


ferm of myometrial contractility that may be observed 
during pregnancy in the rhesus monkey’ and baboon.™ 
In monkeys after fetectomy contractures switch to con- 
tractions when the placenta is delivered. As with intact 
pregnant rhesus monkeys, this switch occurs around 
the time the lights go off in the animal’s environment. 
However, the frequency of recurrence of the shift from 
ccntracture to contraction patterns is less and its am- 
plitude less pronounced when monkeys that have un- 
dergone fetectomy are Saas SRP with intact 
monkeys. | 

In summary; after fetectomy i in the pregnant ihesus 
monkey at 120 to 130 days’ gestation, the placenta may 


be retained as long as 45 days after the average duration 


of pregnancy in ‘controls. These results support the 
concept that the fetus plays a rcle in determining the 
length- of gestation in this nonhuman primate specizs. 


We thank Karen Moore for her help with the maru- 


script and Susan Jenkins for assistance with the analysis 


of the anes electromyography, c data. 
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The effect of benzo(a)pyrene on murine ovarian and corpora 


lutea volumes 
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OBJECTIVE: Women who smoke have impaired fertility and experience menopause at an earlier age. 
This experiment determined the effect of benzo(a)pyrene, a polycyclic aromatic hydrocarbon contained in 
cigarette smoke, on murine ovarian volume, total corpora lutea volume, individual corpora lutea volumes, 


and corpora lutea numbers. 


STUDY DESIGN: C57BL/6N mice were treated with intraperitoneal injections of 0 to 500 mg/kg 
benzo(a)pyrene in corn oil. The 20 mice at each dose were divided into four groups of five each and were 
killed at 1, 2, 3, or 4 weeks after treatment. Ovaries were serially sectioned and analyzed 


morphometrically. 


RESULTS: Benzo(a)pyrene produced a dose- and time-dependent decrease in ovarian volume, total 
corpora lutea volume, and number of corpora lutea per ovary. This effect was transitory at low doses with 
complete recovery of corpora lutea by 4 weeks. Compensatory hypertrophy of the individual corpora lutea 
occurred during the recovery phase. Ovarian function did not return in animals treated with the two highest 


doses. 


CONCLUSION: Benzo(a)pyrene is a murine ovarian toxicant that inhibits corpus luteum formation in a 
dose- and time-dependent fashion. (Am J OBsTET GYNECOL 1992;166:1535-41.) 


Key words: Corpora lutea, ovary, smoking, polycyclic aromatic hydrocarbons 


There is a growing weight of evidence that suggests 
that women who smoke have impaired fecundity, an 
increased risk for infertility, and a younger age at 
menopause. Available data exploring these adverse re- 
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productive effects with epidemiologic techniques sug- 
gest that many, if not all, of these adverse outcomes are 
cigarette dose related. Recently these adverse repro- 
ductive effects of smoking have been thoroughly re- 
viewed.’ 

Cigarette smoke is a highly complex mixture con- 
taining approximately 4000 identifed compounds.* 
Those that have attracted the greatest attention pro- 
duce toxic effects in organ systems other than the re- 
productive tract. These compounds include carbon 
monoxide, nicotine, and chemicals contained in the tar 
fraction, including polycyclic aromatic hydrocarbons. 
Previous investigations in this and other laboratories 
have explored the effect of individual components of 
cigarette smoke on reproductive function in experi- 
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Table I. Total ovarian volume (in cubic millimeters, mean + SD) 


Week 3* Week 4* 
0.82 + 0.25 0.82 + 0.10 
0.78 + 0.21 0.64 + 0.21 
0.87 + 0.16 0.75 = 0.21 
0.73 + 0.23 0.85 + 0.17 
0.63 + 0.29 0.67 + 0.22 
0.57 + 0.217 0.43 + 0.214 
0.13 + 0.041 0.13 + 0.02+¢ 


Dose 
' (mg/kg) Week 1* ‘Week 2* 
Control 0.91 + 0.08 0.90 = 0.18 
1 0.76 + 0.27 0.70 = 0.167 
5 0.61 + 0.124 0.89 = 0.16 
10 0.64 + 0.10} 0.85 = 0.22 
50 0.50 + 0.14} 0.68 = 0.178 
100 0.50 + 0.224 0.47 = 0.114 
500 0.32 + 0.C94 0.13 = 0.104 
žb < 107° 
tp < 0.05 
tp < 0.0001. 
Sp < 0.01. 


mental animals.’ Our attention has focused on the im- 
pact of polycyclic aromatic hydrocarbons on ovarian 
function; we have demonstrated that some of these 
hydrocarbons can destroy follicles and impair fertility 
in mice." ** Recent investigations have suggested that 
the impact of polycyclic aromatic aydrocarbons on im- 
paired fertility is a result of an alteration in ovulatory 
frequency.’ To further investigate this impact on ovu- 
latory frequency, we have conducted a series of studies 
designed to characterize the effect of benzo(a)pyrene, 
a common environmental polycyclic aromatic hydro- 
carbon and major constituent in cigarette smoke, on 
total ovarian volume, total corpora luteal volume, the 
number of corpora lutea per ovary, and the volumes 
of individual corpora lutea at 1, 2, 3, and 4 weeks after 
treatment with varying doses. 


Material and methods 


A total of 140 weanling C57BL/6N mice were ot- 
tained from the National Institutes of Health veterinary 
resources branch. Animals were maintained in the lat- 
oratory for approximately 1 week to allow acclimation. 
Care and use of animals conformed to the guidelines 
established by the animal care committee. Animals were 
divided into groups of 20 and injec:ed with one of seven 
doses of benzo(a)pyrene, 0, 1, 5, 10, 50, 100 or 500 
mg/kg. Doses were given in corn 2il intraperitoneally, 
such that a 20 gm mouse received | ml corn oil. Each 
dosage group was then subdivided into groups of five. 
These subgroups of animals were killed at 1, 2, 3, or 
4 weeks after treatment. Then tne ovaries were re- 
moved and fixed for 24 hours in Bouin’s fixative. They 
were then placed in 70% ethanol until embedding, se- 
rially sectioned at 5 um, and stained with hematoxylin 
and eosin. 

All volume measurements were made with a Bio- 
quant IV morphometric system (F. and M Biometrics, 
Inc., Nashville). The area of each ovary and corpora 
lutea was determined by circumscribing these struc- 


tures in every tenth section. Ovarian volume was cal- 
culated with the following equation: 


Ovarian volume (cubic millimeters) = Sum of section 
areas.(in square millimeters) x 0.005 mm x 10 


Volume measurements of individual corpora lutea and 
total corpora luteal volume per ovary were calculated 
with similar formulas. Statistical analysis was performed 
with one-way analysis of variance to compare the effect 
of varying doses of benzo(a)pyrene versus control at 
each week tested. When analysis of variance was used, 
the level of significance was noted by p, with values 
<0.05 considered significant. The unpaired Student ż 
test was used to determine the significance of the effect 
of each individual dose. Because multiple comparisons 
were used, the Bonferroni correction was used to re- 
duce the risk of type I error. Level of significance was 
noted by p with values <0.01 considered significant. 


Results 


Total ovarian volume. Over the 4-week period of the 
experiment, total control ovarian volume ranged from 
0.8 to 0.9 mm’ (Table I). One week after exposure, 
when varying doses were compared with control, 
benzo(a)pyrene significantly reduced ovarian volume 
(p < 107°). Compared with control ovarian volume, the 
16% reduction in ovarian volume after 1 mg/kg 
benzo(a)pyrene was not significant. The remaining 
doses of 5 to 500 mg/kg produced highly significant 
(p < 1075}, dose-dependent reductions in ovarian vol- 
ume ranging from 67% to 35% of control. Two weeks 
after exposure, mean ovarian volume in mice treated 
with 5 or 10 mg/kg benzo(a)pyrene had returned to 
control levels. When varying doses were compared with 
control by analysis of variance, the benzo(a)pyrene-in 
duced reduction in ovarian volume (p< 107°) re- 
mained significant among mice treated with 
benzo(a)pyrene at doses of 50, 100, and 500 mg/kg 
(p < 0.01, 1075, and 107°, respectively). The effect of 
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Table II. Total corpora lutea volume (in cubic millimeters, mean + SD) 


Dose 
(mg/kg) Week 1* Week 2f Week 3 


Control 0.19 + 0.04 0.12 + 0.07 
l 0.13 + 0.11 012 = 0.09 
5 0.00 + 0.00% 0.13 + 0.11 
10 0.01 + 0.02ł 0.07 + 0.12 
50 0.00 + 0.004 0.03 + 0.067 
100 0.004 + 0.014 0.02 + 0.044 
500 0.00 + 0.004 0.00 + 0.004 
*p < 107 
tp < 0.01 
tp < 0.001. 
$p < 0.05. 


the 1 mg/kg dose appeared significant (p < 0.05), but 
because p was not <0.01, this effect was not significant 
after the Bonferroni correction. Three and 4 weeks 
after exposure, when varying doses of benzo(a)pyrene 
were compared with control by analysis of variance, the 
benzo(a)pyrene-induced reduction in ovarian volume 
(p < 107° and 107°, respectively) was significantly dif- 
ferent from control only in the animals treated with 
the two highest doses, 100 mg/kg (p < 0.05 and 0.0001, 
respectively) and 500 mg/kg (p < 107* and 1075, re- 
spectively). The apparent significance of the 100 
mg/kg dose at week 3, however, was not maintained 
after the Bonferroni correction was applied. 

Total corpora lutea volume. There appeared to be 
greater variation in total corpora lutea volume over the 
4 weeks of this experiment than in total ovarian volume 
(Table II). Control corpora lutea volume ranged from 
0.19 to 0.06 mm? over the 4 weeks. The lowest dose 
tested, 1 mg/kg, had no effect on corpora lutea volume, 
whereas the highest dose tested, 500 mg/kg, completely 
prevented corpora lutea formation. One week after ex- 
posure benzo(a)pyrene at doses >1 mg/kg effectively 
disrupted corpora lutea formation. Total corpora lutea 
volumes ranged from 0 to 0.01 mm’, a highly significant 
reduction when compared with control by analysis of 
variance (p < 107°). A significant reduction in total vol- 
ume persisted at 2 and 4 weeks after exposure, when 
all doses were compared with control by analysis of 
variance (p < 0.002 and 107‘, respectively). Animals 
killed 2 weeks after benzo(a)pyrene exposure displayed 
a dose-dependent reduction in total volume at doses 
>10 mg/kg. The reductions were significant when 
compared with control for the 50, 100, and 500 
mg/kg doses (p < 0.01, 0.001, and 0.001, respectively). 
Four weeks after treatment only the two highest doses, 
100 and 500 mg/kg, produced a significant reduction 
in total volume (p < 0.002 and 0.01, respectively). Be- 
cause of the relatively small corpora lutea volumes in 
the week 3 control animals, only the highest dose re- 


Week 4f 
0.06 + 0.05 0.11 + 0.07 
0.11 + 0.09 0.11 + 0.08 
0.13 + 0.10 0.18 + 0.05§ 
0.09 + 0.16 0.14 + 0.05 
0.09 + 0.11 0.12 + 0.12 
0.03 + 0.07 0.01 + 0.0lf 
0.00 + 0.00} 0.00 + 0.007 


sulted in a significantly smaller volume than the control 
animals {p < 0.01}. 

Individual corpora lutea volume. Among control 
animals individual corpora lutea volumes varied from 
0.023.to 0.039 mm? over the 4 weeks of this experiment 
(Table IIT). Individual corpora lutea volume, where 
corpora lutea were present an an ovary, appeared to 
be maintained 1 week after benzo(a)pyrene injection. 
At 2, 3, and 4 weeks after benzo(a)pyrene injection, 
there was a significant increase in mean individual cor- 
pora lutea volume in injected animals versus controls 
(p < 10-74, 0.02, and 107°, respectively). This increase 
in individual volume was significant when corpora lutea 
formation recovered in the two lowest doses at week 2 
(p < 0.01), all but the 5 mg/kg dose at week 3 
(p < 0.01-0.001), and all but the 1 mg/kg dose at week 
4 (p< 0.01 to 0.001). 

Corpora lutea number. Over the course of the ex- 
periment total corpora lutea number in control animals 
varied from 2.5 to 5 corpora lutea per ovary (Table 
IV). When analysis of variance was used to compare 
the effect of multiple doses versus control at each week, 
there was a significant reduction in corpora lutea per 
ovary at 1, 2, 3, and 4 weeks afer benzo(a)pyrene treat- 
ment (p < 10~°, 0.002, 0.02, and 10~*, respectively). 
The highest dose, 500 mg/kg, completely prevented 
corpora lutea formation, whereas the lowest dose, 
l mg/kg, had no significant effect on corpora lutea 
numbers. 

One week after benzo(a)pyrene treatment, doses =5 
mg/kg disrupted corpora lutea formation, with only 0 
to 0.5 corpora luiea per ovary (p < 0.001). By 2 weeks 
animals treated with benzo(a)pyrene at doses of 5 or 
10 mg/kg began to recover their ability to form corpora 
lutea; however, the three highest doses, 50, 100, and 
500 mg/kg, still exhibited a significant reduction in 
corpora lutea numbers (p < 0.005, 0.001, and 1077, re- 
spectively). Three weeks after treatment, recovery in 
corpora lutea number had occurred in all animals but 
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Table iil. Individual corpora lutea volume (in cukic millimeters, mean + SD) 









Week <* 


0.023 + 0.010 0.027 + 0.015 
0.038 + 0.018% 0.035 + 0.016§ 
0.035 + 0.0228 0.042 + 0.013} 
0.037 + 0.012! 0.035 + 0.0094 . 
0.040 + 0.017] 


0.039 + 0.010% 


— 


0.043 + 0.015] 


ameen 


Control 0.039 + 0.014 — 0.030 + 0.011 
l 0.042 + 0.012 0.038 + 0.0104 
5 _— 0.037 + 0.0104 
10 - 0.028 + 0.009 0.038 + 0.0168 
50 es 0.028 + 0.007 
100 ` 0.039 + 0.001 0.022 + 0.005 
500 ue = 
*p < 1074, 
‘tp < 0.02. 
tp < 0.01. 
Sp < 0.05. 
ip < 0.001. 


those injected with the two highest doses. A reduction. 


in corpora lutea numbers persisted 3 and 4 weeks after 


treatment with 100mg/kg (p < 0.05 and 0.0005, re- . 


spectively) and 500 mg/kg (p < 0.002 and 0.001, re- 
spectively). It should be noted that the effect of the 100 
mg/kg dose was not significant at 3 weeks after -he 
Bonferroni correction was applied. — 


Comment 


Data among humans demonstrate that smoking i im- 
pairs fertility. For example, studies by Baird and 
Wilcox® demonstrate that among women who are able 
to become pregnant within 2 years after stopping con- 
traception the time to conception was considerably lon- 
ger among smokers than nonsmokers. This effect ap- 
peared to be independent of socioeconomic status, his- 
tory of reproductive disease, frequency of intercourse, 
and other factors previously identified as being asso- 
ciated with impaired fertility. A study of a different 
design by Vessey et al. ° explored time to delivery among 
a group of women after cessation of contraception. Tais 
study demonstrated that the number of months until 
delivery of a child increased as a function of the number 
of cigarettes consumed. 

In addition, an investigation conducted by Mac- 


Mahon et al.’ demonstrated that urinary estrogens dur- _ 


ing the luteal phase of the cycle were lower amoag 
smokers than nonsmokers. These data, collected in hu- 
mans, suggest that if smoking impairs fertility, an im- 
pact on corpora lutea function. may be responsible in 
part for this effect. Longcope and Johnston” reported 
- nc difference'in serum levels of estrone and estradiol 
in premenopausal smokers versus controls. They sug- 
gested that the data of MacMahon et al.’ indicate al- 
tered metabolism of estrogens rather than decreased 
production. Unfortunately, two factors may confound 


their data and make this conclusion premature: They 


failed to control for the menstrual cycle day when es- 
trogens were measured. Given the large fluctuations tn 


estrogens throughout' the cycle, changes in estrogen 
production could easily be missed. In addition, the-re- 
duction in estrogen excretion reported by MacMahon 
et al. occurred only in the luteal phase. Follicular phase 
estrogen excretion was normal. This makes the failure 
of Longcope and Johnston to control for cycle day even 
more critical. It is‘also unlikely that estrogen metabo- 
lism would be, radically different in the luteal versus 
follicular phase. Furthermore, the average daily con- 
sumption of cigarettes by the smoking-group, although 
>10 per day, is not reported in detail. If cigarette smok- 
ing alters ovarian estrogen production in a dose-de- 
pendent fashion, this effect may be seen only in a group 
of heavy smokers. Given the limitations of this study, 
the effect of smoking on corpora lutea estrogen pro- 
duction is unclear. 

In spite of the complex composition of cigarette 
smoke, however, no studies in humans to date have 
suggested the component (or components) contained 
in cigarette smoke that may be responsible for the ad- 
verse effects of smoking on reproductive performance. 
To further explore these issues we have conducted 
studies that have evaluated the impact of one smoke 
component on ovarian function in experimental ani- 
mals. The focus of our experimental investigations has 
been the polycyclic aromatic hydrocarbons, a family of 
compounds contained in both direct and sidestream 
smoke. A recent report estimates the amount of 
benzo(a)pyrene in the mainstream smoke from a non- 


. filter cigarette to range from 20 to 40.ng. Up to 460 


ng/hr can be inhaled in an environment containing 
cigarette smoke.” Previous investigations have demon- 
strated that exposure to polycyclic aromatic hydrocar- 
bons destroys oocytes in murine ovaries.*!? This occurs 
in a time- and dose-dependent fashion and appears also 
to be a function of the strain and species of experi- 
mental animal used forthe. studies. In addition, pre- 
vious studies have demonstrated that benzo(a)pyrene 
decreases fertility in rodents by decreasing ovulatory 


Volume 166 
Number 5 


Effect of benzo(a)pyrene on ovarian and corpora lutea volumes 1539 


Table IV. Corpora lutea number (No. per ovary, mean + SD) 


Dose 
(mg/kg) Week 1* 


Week 
Control 5.0 + 1.3 4.0+ 
l 32526 3.0 +£ 
5 0.0 + 0.04 3.52 
10 0.5 + 0.84 1.6: 
50 0.0 + 0.04 10+ 
100 0.1 + 0.34 0.8 + 
500 0.0 + 0.04 0.0 + 
*p < 1074, 
tp < 0.02. 
tp < 0.001. 
$p < 0.01. 
lp < 0.05. 


number and corpora lutea number.* The data pre- 
sented in this study further define the impact of 
benzo(a)pyrene on ovulation and corpora lutea for- 
mation in mice. 

Total ovarian volume, a composite measure reflecting 
the volume of growing follicles, antral follicles, corpora 
lutea, and stromal tissue, was reduced in both a time- 
and dose-dependent fashion in these studies. Corpora 
luteal volume averaged 14% of total ovarian volume in 
this study, consistent with the 17% previously reported 
from our laboratory." To further define the effect of 
benzo(a)pyrene on corpora lutea, the dominant struc- 
ture in the ovary after ovulation, we evaluated total 
corpora lutea volume, corpora lutea number, and in- 
dividual corpora lutea volume. Over the 4-week course 
of this experiment there was a substantial reduction in 
number, which was both dose and time dependent. In- 
terestingly, at 1 week after treatment, reductions in 
volume were seen at low doses of benzo(a)pyrene (5 
mg/kg). Animals treated with doses of =100 mg/kg 
appeared to have a reduction in number throughout 
the course of this experiment. However, those animals 
treated wtih doses <100 mg/kg appeared to recover 
their ability to produce corpora lutea by the second to 
fourth week of this experiment. 

It is of interest to note that if corpora lutea were 
present, individual corpora lutea volume did not de- 
crease after benzo(a)pyrene administration. In fact, 
with recovery of the ability to form corpora lutea, in- 
dividual corpora lutea after benzo(a)pyrene were sig- 
nificantly larger than control corpora lutea. This effect 
was seen even with the lowest dose studied (1 mg/kg). 
This compensatory hypertrophy of individual corpora 
lutea after recovery from benzo(a)pyrene is unable to 
compensate for the loss in number, however, and total 
volume is not maintained. Thus the fall in total corpora 
luteal volume in this experiment in a both dose- and 
time-dependent fashion is due to the reduction of cor- 
pora lutea number. Given the reduction in luteal uri- 
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nary estrogens observed by MacMahon et al.’ in female 
smokers, it is interesting to speculate that the reduction 
in total corpora lutea volume in these mice may result 
in reduced estrogen production. The lowered estrogen 
levels may result in reduced feedback at the pituitary 
and result in the individual corpora luteal hypertrophy. 
This concomitant increase in individual corpora lutea 
volume precludes proposing any hypothesis about cor- 
pora lutea estrogen production in a species, such as 
humans, that produces only one corpus luteum per 
cycle. 

These data demonstrate more clearly the adverse im- 
pact of polycyclic aromatic hydrocarbons on ovarian 
function and corpora lutea formation. Even at doses of 
benzo(a)pyrene as low at 5 mg/kg reductions in total 
corpora lutea volume and number were observed in 
animals killed 1 week after exposure. There was a non- 
significant trend toward reduction of these parameters 
at the lowest dose used (1 mg/kg). Given that the re- 
productive system is dynamic and that benzo(a)pyrene 
is cleared from the animal over a period of several days, 
it is not surprising that there was resumption in corpora 
lutea formation over the 4-week duration of the ex- 
periment. The sensitivity of the ovary, however, to these 
low doses is of considerable interest because these 
doses, 1 to 5 mg/kg, appear to be substantially lower 
than the doses of polycyclic aromatic hydrocarbons re- 
sponsible for induction of microsomal monooxygenases 
or other forms of toxicity, including carcinogenicity, 
that are typically ascribed to the polycyclic aromatic 
hydrocarbons." 

Two mechanisms may be responsible for the im- 
pairment in corpora lutea formation observed in this 
study. The antral follicle may rupture, but the granu- 
losa cells may not luteinize because their function is 
impaired by benzo(a)pyrene, thus inhibiting corpora 
lutea formation. The ability of the benzo(a)pyrene-ex- 
posed ovaries to form a reduced number of hypertro- 
phic corpora lutea before the recovery of corpora 
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lutea number and total volume suggests this can- 
not be the only mechanism. A more likely explanaticn 
is that corpora lutea formation is impaired because 
benzo(a)pyrene has destroyed folltcles that would even- 
tually mature, ovulate, and become luteinized to form 
corpora lutea. This hypothesis is sapported by previous 
experiments that demonstrate that benzo(a)pyrene re- 
duces follicle numbers in mice. 

The time- and dose-dependent loss in total corpora 
lutea volume and numbers (Tables I and IV) suggests 
which follicle types are destroyed by a given dose of 
benzo(a)pyrene. The'recovery of corpora lutea for- 
mation by 2 weeks in the 5 mg/kg group suggests a 
direct effect on antral follicles. Corpora lutea formatian 
was disrupted for 2 to 3 weeks in the 10 to 50 mg/kg 
groups. This suggests a direct effect on growing foll- 
cles, because primordial follicles require 21 days to 
reach the antral stage. All follicle types from primordial 
to antral are affected by the 100 and 500 mg/kg dose 
because the effect is immediate and persists past tke 
length of time required for surviving primordial fol- 
licles to ovulate. 

It should be pointed out that there are two potential_y 
confounding factors in the design of this study. Intra- 
peritoneal injections of the toxicant may allow direct 
uptake of large doses into the ovary and, hence, greatly 
increase toxicity. This effect is unlikely, however. Re- 
cent investigations in our laboratory demonstrated that 
direct intraovarian injection of benzo(a)pyrene caused 
no effect on corpora lutea formation in this strain of 
rodents. In contrast; intraovariar. injection of several 
metabolites of benzo(a)pyrene resulted in inhibition of 
corpora lutea formation (unpublished data). In addi- 
tion, previous experiments have demonstrated that it 
is possible to block the toxicity cf benzo(a)pyrene to 
resting follicles with a-naphthoflavone, a compound 
that blocks the metabolism of benzo(a)pyrene. Th:s 
suggests that direct benzo(a)pyrene toxicity or intra- 
ovarian metabolism of benzo(a)pyrene is not an im- 
portant aspect in its systemic oy) on corpora lutea 
formation. 

In addition, we did not control for cycle day or cor- 
firm the animals were cycling before injection. Previous 
studies have demonstrated that benzo(a)pyrene persists 
in these rodents for at least 7 to 10 days. Because 
the compound persists for such a long time, at least 
two ovarian cycles in these rodents, we have assumed 
that cycle day of treatment is of little importance. The 
consistency and high degree of significance achieved 11 
this study support this assumption because failing to 
control for cycle day should bias the results away from 
significance. The fact that fresh corpora lutea were 
identified in these animals at all time points, althouga 
frequently in reduced numbers, confirms that these 
animals indeed were ovulating. 
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Although reversibility of the benzo(a)pyrene-in- 
duced reduction of corpora lutea volume and number 
at doses <100 mg/kg suggests that there is resilience 
in the reproductive system, complete recovery is un- 
likely. The data in this investigation are consistent with 
the considerable destruction of resting and growing 
follicles by these doses of polycyclic aromatic hydro- 
carbons previously observed in studies by our group 
and others. The correlation between follicle numbers 
and the age at onset of reproductive failure” suggests 
that the total reproductive life span would be reduced 
in these animals. 


We thank Robert Walls, PhD, for his expert assistance 
with the Statistical analysis. 
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The mechanisms of preterm labor: Common genital tract 
pathogens do not metabolize arachidonic acid to prostaglandins 


or to other eicosanoids 


Phillip R. Bennett, BSc, MD, and Murdoch G. Elder, MD 


London, England 


OBJECTIVE: Our aim was to determine the ability of pathogens commonly associated with genital tract 
infection and preterm labor to incorporate arachidonic acid and to metabolize it to prostaglandins or to 


other eicosanoids. 


STUDY DESIGN: Four common genita! tract pathogens, Escherichia coli, Streptococcus viridans, 
Bacteroides fragilis, and a group B B-hemolytic streptococcus, were incubated with tritium-labeled 
arachidonic acid for 2 to 48 hours. Uptake of arachidonic acid was calculated from uptake of radioactivity 
into the organisms. Tritium-labeled arachidonic acid within the medium was separated from any 
metabolites by high-performance liquid chromatography to assess metabolism of arachidonic acid within 


the bacteria. 


RESULTS: Although all organisms were able to take up arachidonic acid, analysis of its metabolism with 
high-performance liquid chromatography demonstrated that none of these Organisms vill synthesize 


cyclooxygenase, lipoxygenase, or epoxygenase products. 


CONCLUSION: Bacterial infection cannot initiate preterm labor by intrinsic biosynthesis and release of 
prostaglandins or other eicosanoids by the bacteria themselves. (AM J OssteT GYNECOL 1992;166:1541-5.) 


Key words: Preterm labor, infection, bacteria, arachidonic acid, prostaglandins, eicosanoids 


There is a clear association between genital tract in- 
fection and the onset of labor before term.' Labor at 
term is associated with an increase in arachidonic me- 
tabolism within the uterus, in particular, within the am- 
nion and decidua.’ In amnion there is an increase in 
both cyclooxygenase metabolism and lipoxygenase me- 
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tabolism, but the increase in cyclooxygenase metabo- 
lism predominates, producing a large increase in the 
synthesis of prostaglandin E (PGE,).° A similar increase 
in amnion prostaglandin synthesis has been demon- 
strated in association with preterm labor in the presence 
of infection.* Various hypotheses have been proposed 
for the mechanism by which bacterial infection in- 
creases arachidonic acid metabolism within the uterus. 
It has been suggested that release of phospholipases or 
endotoxins by bacteria may stimulate prostaglandin 
synthesis in the fetal membranes, or that a similar effect 
might be mediated by cytokines produced by inflam- 
matory cells.**° 

Most attention has focused on the role of the cycloox- 
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Table I. Retention data for arachidonic acid metabolites on reverse-phase high-peformance 


liquid chromatography 
Compound 

6-Keto-prostaglandin F,, 
Thomboxane B, 
Prostaglandin Fa 
PGE, 
13,14-Dihydro-15-keto-prostaglandin Fo, 
13,14-Dihydro-15-keto-prostaglandin Es 
Prostaglandin A, l . 
Prostaglandin B» 
Leukotriene B; 
5-Hydroxyeicosatetraenoic acid (two peaks) 


1l-Hydroxyeicosatetraenoic acid 
12-Hydroxyeicosatetraenoic acid (two peaks) 


15-Hydroxyeicosatetraenoic acid 
14,15-Hydroxyeicosatetraendic acid 
Arachidonic acid 


ygenase products of arachidonic acid, the PGs, in the 
initiation of preterm labor. Arachidonic acid can, how- 
ever, be metabolized by lipoxygenase and epoxygenase 
enzyme pathways.*’ The roles of these compounds in 
pregnancy and labor are not, at present, well under- 
stood, although we have shown that 5-hydroxyeico3a- 
tetraenoic acid is oxytocic.® Little attention has been 
paid to the possibility that the baczeria themselves might 
metabolize arachidonic acid to oxytocic compounds. 
Lipid fractions of Propionibactertum acnes have been 
found to have prostaglandin-like activity in bioassay, 
although production of prostaglendins cannot be dem- 
onstrated.’ Gulbis et al. originally reported produc- 
tion of PGE, by Escherichia colt. This appeared to be 
dependent on the presence of exogenous arachidonic 
acid and was inhibited by indomethacin. The same 
group later reported similar experiments" in which 
production of PGE, appeared to be independent of the 
presence of bacteria and in which indomethacin had 
no consistent effect. They concluded that their earl-er 
work had been unreliable and tkat E. coli does not zp- 
pear to synthesize prostaglandins. | 

We have therefore performed a series of experiments 
to determine whether common genital tract.pathogens 
are able to take up exogenous arachidonic acid and 
whether they are able to syntheize cyclooxygenase, |:p- 
oxygenase, or epoxygenase metabolites. 


Methods 

Bacterial preparations. Single, pure colonies of lab- 
oratory stock isolates of four common genital tract 
pathogens, E. coli, Streptococcus viridans, Bacteroides f-a- 
gilis, and a group B B-hemolytic streptococcus, were 
picked and incubated overnight at 37° C in a suitable 
medium (Oxoid No. 2 broth or Difco Thiol broth). This 
resulted in 10° organisms per milliliter of medium. The 


8.0 7.0-9.0 
11.0 10.5-12.0 
13.0 12.5-14.5 
16.5 15.5-18.0 
22.0 Not determined 
27.0 28.0-28.5 
29.0 Not determined 

-31.5 Not determined 
34.0 34.0-35.0 
35.5 34.5-36.5 
43.0 42.0-44.0 
42.5 43.0-44.0 
35.5 . 35.0-36.0 
42.0 41.5-43.0 
42.0 41.5-43.0 
47.0 Not determined 
58.0 57.5-58.5 


organisms were sedimented by centrifugation at 3000 
rpm for 10 minutes and the medium was poured off. 
Fresh culture medium containing 0.2 pCi/ml tritium- 
labeled arachidonic acid was added to the organisms, 
and they were gently resuspended. The suspensions 
were divided into five aliquots of 10 ml each and in- 
cubated at 37° C.. | 

Aliquots of suspensions of each of the organisms 
were incubated for 2, 4, 8, 24, and 48 hours. The or- 
ganisms were then removed by centrifugation and fil- 
tration, and the bacterial pellet was retained to allow 
incorporated and unreleased radioactivity to be mea- 
sured. Four milliliters of culture medium from each 
aliquot was stored at — 20° C until further analysis. The 
remaining ] ml of culture medium was added to scin- 
tillation fluid (Unisolve-1, Koch-Light, Ltd.) in the ratio 
1:4, and radioactivity was counted to allow calculation 
of tritium-labeled arachidonic acid uptake by the bac- 
teria. Each experiment was performed five times. Fur- 
ther experiments were performed in which the tritium- 
labeled arachidonic acid was supplemented by unla- 
beled arachidonic acid (107° mol/L) to determine the 
effect of concentration on uptake. 

Control experiments were performed with bacterial 
culture medium containing 0.2 wCi/ml of tritium-la- 
beled arachidonic acid without organisms. 

Analysis of arachidonic acid metabolism by high- 
performance liquid chromatography. Each 4 ml ali- 
quot of medium was acidified to pH 3.15 with formic 
acid and passed through a prepared C18 SepPak (Wa- 
ters Associates), and the trittum-labeled arachidonic 
acid metabolites were eluted into 5 ml of methyl for- 
mate. The solvent was evaporated with oxygen-free ni- 
trogen, and the residue was redissolved in 1 ml of 30% 
(vol/vol) acetonitrile in 40 mmol/L triethylamine for- 
mate. The fatty acids were then separated according to 
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polarity with a high-pressure liquid chromatography 
system based on a reverse-phase fatty acid analysis col- 
umn. The initial solvent mixture was 30% acetonitrile 
in 40 mmol/L triethylamine formate, increasing to 50% 
and 100% acetonitrile after 25 and 5? minutes, re- 
spectively. The solvent How was 1 ml/min, and 500 pl 


fractions were collected for a total of 60 minutes. Each — 


fraction was dissolved in 4 ml of scintillation fluid, and 
radioactivity was counted in an Intertechnique $L3000 
liquid scintillation counter. The radioactivity present in 
each metabolite peak in the chromatograms was Cal- 
culated by summation. 

We have previously reported the elution times for a 
wide range of arachidonic acid metabolites with this 
system* ” °? (Table I). Experiments have been per- 
formed in which radiolabeled prostaglandin F,, and 
PGE, were added exogenously to culture medium to 
determine their recovery from the incubation medium. 
Recovery of these two compounds was found to be 94% 
(SD 2.3%) and 79% (SD 1.6%), respectively.” 


Results . 

Each of the organisms incorporated tritium-labeled 
arachidonic acid, and the rates of incorporation and 
the total uptake were similar for all of the organisms. 
At 2, 4, 8, 24, and 48 hours, 21%, 32%, 38%, 52%, and 
61%, respectively, of tritium-labeled arachidonic acid 
had been incorporated into the bacterial cells. Addition 
of unlabeled arachidonic acid had no effect on the pro- 
portion of tritium-labeled arachidonic acid taken up 
into the cells. 

No significant peaks of radioactivity were detected at 
retention times corresponding to cyclooxygenase prod- 
ucts in either experimental or control incubates. Sig- 
nificant peaks were detected at retention times corre- 
sponding to dihydroxyeicosatetraenoic acid and mo- 
nohydroxyeicosatetraenoic acid (34, 35, and. 42 
minutes) and arachidonic acid (57.5 minutes) (Fig. 1). 
‘There was an increase in radioactivity corresponsing to 
dihydroxyeicosatetraenoic acid and monohydroxyei- 


cosatetraenoic acid in both experimental and control | 


incubates with increasing incubation time; however, this 
increase was significantly greater (p < 0.01) in control 
incubates (Fig. 2). There was a significant decrease in 


radioactivity corresponding to arachidonic acid in ex- : 
perimental incubates when compared with controls. 


(p < 0.01) (Fig. 2). 


Comment 

Preterm labor remains a significant problem in ob- 
stetric practice. It accounts for up to 10% of all births 
but 85% of perinatal deaths in otherwise normal ba- 


bies. Although in many cases the cause of preterm ` 


labor remains obscure, there is a growing body of ev- 
idence that genital tract infection may play a role in 
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Fig. 1. Representitive high-performance liquid chromatog- 
raphy chromatograms showing tritium-labeled arachidonic 
acid metabolites found in culture after incubation of tritium- 
labeled arachidonic acid with E. coli for 24 hours (tep) com- 
pared with control, sterile incubation. AA, Arachidonic acid; 
HETE, hydroxyeicosatetraenoic acid. 


many cases. Several authors have reported an associ- 
ation between preterm rupture of membranes and ma- 
ternal infection. Others have demonstrated an asso- 
ciation between preterm labor and infection with intact 
membranes, both with and without signs or symptoms 
of infection.’ There is now a large body of evidence 
that an increase in prostaglandin synthesis within the 
uterus is an important early event in the onset of human 
parturition at term.'® Labor is associated with increased 
synthesis of prostaglandins by the fetal membranes, in 
particular, the amnion. Curbello et al.” have found a 
high concentration of prostaglandin precursor arachi- 
donic acid in amnion epithelial cells. In association with 
labor arachidonic acid metabolism in amnion increases 
with a large increase in the synthesis of PGE, and a 
smaller increase in metabolism through the lipoxygen- 
ase enzyme pathway to monohydroxyeicosatetraenoic 
acid and dihydroxyeicosatetraenoic acid and leuko- 
triene B,.'* Although the prostaglandins are known to 
be oxytocic and to mediate cervical ripening, little is 
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Fig. 2. Trittum-labeled arachidonic acid and dihydroxyeicosatetraenoic acid and monohydroxyei- 
casatetraenoic acid (HETE) found in culture medium after incubation of tritium-labeled arachidonic 
acid with various organisms between 2 and 48 hours. Mean values + SD are shown for three different 
experiments in each case. Control incubations were sterile. Asterisk, p < 0.05, compared with control 


(analysis of variance). 


. known about the roles of the lipoxygenase metabolites 
of arachidonic acid. 5-Hydroxyeicosatetraenoic acid ap- 
pears to be weakly oxytocic’ and may play a role in the 
mediation of physiologic prelabor contractions.’* Sev- 
eral substances found in amniotic fluid have been pos- 
tulated to be fetally derived stimulators of arachidonic 
acid metabolism in the amnion; current candidates in- 
clude platelet-activating factor’? and interleukin-1B * 
Lopes-Bernal et al.* have reported a marked increa3e 
in PGE and leukotriene B, production from the amnicn 
of preterm deliveries associated with chorioamnionit:s, 


when compared with idiopathic preterm labor. Several 
theories have been proposed for the mechanism 
whereby infection increases prostaglandin synthesis by 
the amnion. Lamont et al.” and Bennett et al.* have 
shown that pathogenic bacteria release phospholipase, 
which causes changes in the metabolism of arachidonic 
acid tn amnion similar to those changes seen with labor 
at term. Romero et al.* *° suggest that it is the produc- 
tion of cytokines by inflammatory cells that stimulates 
prostaglandin synthesis by amnion. 

In vitro studies of the effect of chorioamnionitis on 
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arachidonic acid synthesis have generally concentrated 
on the production of prostaglandins by the amnion. 
Little attention has been focused on the possibility that 
bacteria themselves may make prostaglandins or other 
eicosanoids. In this study we have investigated the abil- 
ity of four common genital tract pathogens to metab- 
olize exogenous arachidonic acid by cyclooxygenase, 
lipoxygenase, or epoxygenase enzyme pathways. 

Although each of the organisms tested took up and 
incorporated arachidonic acid, there was no evidence 
that any of the four is able to metabolize that arachi- 
donic acid by cyclooxygenase enzyme pathways to pro- 
duce prostaglandins. Similarly there was no evidence 
of metabolism of arachidonic acid through epoxygen- 
ase enzyme pathways. Conversion of arachidonic acid 
to compounds that cochromatograph with dihydrox- 
yeicosatetraenoic acid and monohydroxyeicosatetrae- 
noic acid was seen; however, similar conversion was 
seen in bacteria-free control incubates. This implies 
that these compounds arise solely from autooxidation. 
The reduction in radioactivity corresponding to dihy- 
droxyeicosatetraenoic acid and monohydroxyeicosate- 
traenoic acid in incubations containing bacteria when 
compared with controls was due to uptake of arachi- 
donic acid into the bacteria, preventing its autooxi- 
dation. Radioactivity remaining within the organisms 
at the end of each experiment was measured to account 
for all of the radioactivity added at the start of each 
experiment. This excluded the possibility that the or- 
ganisms are able to metabolize arachidonic acid to com- 
pounds that are not detectable with this system. 

Our findings extend those of Gulbis et al.’° " in dem- 
onstrating that common genital tract pathogens are un- 
able to metabolize arachidonic acid to other eicosanoids 
by any of the established enzyme pathways. Arachi- 
donic acid taken into bacterial cells may remain as a 
membrane component or be used as a source of energy. 
We have concluded that bacterial infection cannot ini- 
tiate preterm labor in intrinsic biosynthesis and release 
of prostaglandins or other eicosanoids. Further work 
is needed to elucidate the precise mechanisms by which 
bacteria initiate preterm labor. It is likely, however, that 
a better understanding of the mechanisms of preterm 
labor will be gained by an increase in our understanding 
of the mechanisms of the onset of labor at term. 
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Renal autoregulation in midterm and late-pregnant rats 


Jane F. Reckelhoff, PhD, Stanley D. Yokota, PhD, and Christine Baylis, PhD 


Morgantown, West Virginia 


OBJECTIVES: The normal kidney autoregulates (that is, maintains) renal blood flow over a wide range of 
arterial blood pressures. During normal pregnancy blood >ressure falls and the kidney vasodilates. The 
purpose of this study was to investigate whether renal aucoregulatory ability was influenced during 


pregnancy in the normal rat. 


STUDY DESIGN: Experiments were conducted on three groups of anesthetized rats, studied in the virgin 
state, at midterm, and late in pregnancy (gestation lasts £2 days in the rat). Renal blood flow was 
measured by glectromagnetic flow probe at normal renal 2erfusion pressures, during elevation in renal 
perfusion pressure with bilateral carotid occlusion, and at subnormal renal perfusion pressures after 


application of an aortic snare. 


RESULTS: Blood pressure was similar in midterm and vi-gin rats but lower in late pregnancy in the control 
state. Control renal blood flow was similar between virgin and late-pregnant rats but significantly elevated 
at midterm. During elevation in blocd pressure with bilateral carotid occlusion, autoregulation was 
maintained in all three groups. During graded aortic occlusion, renal autoregulatory ability was lost. The 
autoregulatory threshold was between 90 and 100 mm H3 for midterm pregnant and virgin rats and was 


slightly lower at about 88 mm Hg for late-pregnant rats. 


CONCLUSIONS: Midterm pregnan: rats are able to autotegulate renal blood flow as well as virgins are in 
spite of underlying gestational rena: vasodilatation. The s ight shift in renal autoregulatory threshold seen in 
late-pregnant rats may prevent the kidney from hypoperfusion during late-gestation hypotension. (Am J 


Opstet GYNECOL 1992;166:1546-50.) 


Key words: Renal blood flow, pregnancy, autoregulation, rat 


In normal pregnancy in women early increases occur 
in glomerular filtration rate and renal blood flow that 
reach a maximum of approximately 50% above the 
nonpregnant value.’ In addition, total peripheral re- 
sistance declines so that in spite of concomitant plasma 
volume expansion the mean arterial blood pressure de- 
creases by midterm.’ In the normotensive pregnan: rat 
qualitatively similar changes occur, although the tem- 
poral sequence is slightly different because the axi- 
mum decrease in renal vascular resistance occurs by 
midterm, whereas the decrease in arterial blood pres- 
sure occurs close to term.” 

In the nongravid state renal function is preserved in 
the face of a decrease in arterial blood pressure by 
autoregulation of renal blood f.ow (and glomerular fil- 
tration rate), an intrinsic renal regulatory mechanism 
that maintains a constant blood flow (and filtration rate) 
over a wide range of arterial blood pressure.’ Falls in 
arterial blood pressure below the autoregulatory renge 
will, however, lead to renal hypoperfusion and a decline 
in glomerular filtration rate. Furthermore, reduced re- 
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nal autoregulatory ability is seen even above the normal 
threshold for autoregulation, when the ambient tone 
in the renal vasculature is reduced with some but not 
all vasodilators.* * Because normal pregnancy is asso- 
ciated with early reductions in renal vascular tone and 
later reductions in arterial blood pressure, the current 
study was performed to investigate whether renal au- 
toregulatory ability is altered in the pregnant rat. Stud- 
ies were performed in anesthetized, volume-replete rats 
in the virgin state, at midterm (day 12), when the renal 
vasculature shows the maximal vasodilation but arterial 
blood pressure is normal, and in late pregnancy (day 
19 to 20), when the renal vascular resistance is close to 
normal but gestational hypotension is evident. 


Methods 


All experiments were performed with female Munich 
Wistar rats (aged 4 to 6 months) obtained from Simon- 
sen, Gilroy, California. Rats were maintained on a 12- 
hour-light and 12-hour-dark cycle and had access to 
food (standard rat chow, containing ~24% protein and 


_~0.4% sodium) and tap water at will. Three groups 


were studied: midterm rats at day 12 of gestation, late- 
pregnant rats at days 19 to 20 of pregnancy (gestation 
lasts 22 days in the rat), and age-matched virgin fe- 
males. Rats destined to become pregnant were placed 
together with a fertile male, and day 1 of pregnancy 
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was determined by the presence of sperm in the a 
smears. 

On the day of study rats were A A by intra- ’ 
peritoneal injection of the long-acting thiobarbiturate 
Inactin (120 mg/kg body weight) (Byk Gulden Kon- 
stanz, Germany) and placed on a temperature- 
regulated surgery table; rectal temperature was main- 


tained at 36° to 38° C. The left femoral artery was, . 


catheterized for periodic blood sampling and for mon- 
itoring arterial blood pressure (Gould P23 pressure 
transducer [Gould Inc., Oxnard, Calif.] connected to a 
Grass model 5D polygraph [Grass Instruments, Quincy, 
Mass.]) throughout the experiment. A femoral vein was 
also cannulated for infusion of isoncotic, artificial se- 


rum (2.5 gm/dl bovine serum albumin, 2.5 gm/dl. 


bovine immunoglobulin in lactated Ringer’s solution) 
at 12.5 ml/kg body weight per hour for 45 minutes 


during the preparatory surgery and thereafter at 1.5 


ml/kg body weight per hour throughout the experi- 
ment. This protocol was effective in maintaining ar- 


terial hematocrit and plasma volume at preanesthesia _ 


levels during the preparatory surgery and throughout 
the experiment, thus preserving a euvolemic prepa- 
ration. Loose ligatures were ‘placed around both ca- 
rotid arteries, a tracheostomy was performed, and one 
jugular vein was catheterized:for infusion of para- 
aminohippuric acid (0.5 gm/dlin 0.9% sodium chloride 
solution, I ml/hr). Midline abdominal and left subcostal 
incisions were made and a loose ligature was placed 
around the aorta above the level of both renal arteries. 
An electromagnetic flow probe (2 mm inner diameter, 
Carolina Medical Electronics, King, N.C.) was placed 
on the left renal artery, and renal blood flow was 
measured and recorded continuously (Grass model 
5D polygraph). The left ureter was also cannulated 
for collection of urine during the control period 
only. 

After a 60-minute equilibration parod for para- 
aminohippuric acid infusion, a control period was per- 
formed during which an exactly timed (20-minute) 
- urine sample was collected and a midpoint blood sam- 
ple was drawn for measurement of renal blood flow (by 
paraaminohippuric acid clearance) to calibrate the flow 
probe. Renal blood flow was measured by electromag- 


netic flow probe only during the remainder of the ex- . 


periment. After control, bilateral carotid occlusion in- 
creased arterial blood pressure, and renal blood flow 
and arterial blood pressure were measured during a 
10- to 15-minute period. Although activation, of effer- 
ent renal sympathetic nerve activity cannot be ex- 
cluded, during carotid occlusion this most likely did not 
occur because the left kidney. would be functionally 
denervated during dissection of the left renal artery 


and placement of the flow probe. Next, the ligatures _ 
around the carotid arteries were loosened: and the lig- j 


} 
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_- ature surrounding the aorta was tightened in a stepwise 


: fashion to produce graded decreases in arterial blood 


pressure <90 mm Hg, in 10 mm Hg steps; down to 60 
mm Hg. Each decrease in. arterial blood pressure was 


| followed by a 5-minute equilibration period and a 15- 


to 20-minute period during which renal blood flow and 


arterial blood pressure were measured. 


At the termination of each experiment, zero blood 
flow- was determined by occluding the renal artery on 


‘the side proximal to the kidney. Paraaminohippuric 


acid levels in urine and plasma samples during the con- 
trol period’ were determined colorimetrically,’ and 


_ clearance of paraaminohippuric acid was used to cal- 


culate renal plasma flow (and thus renal blood flow), 


assuming’ renal paraaminohippuric acid extraction to 


be 85%. The calculated renal blood flow (from para- 
aminohippuric acid clearance) obtained in the control 
period was then used to calibrate the flow probe. Before 
the study the flow probe was tested for linearity and 


_ stability with a dissected, suspended portion of the aorta 


~ and found to be linear in the range of 1 to 10 ml/min. 


Autoregulatory curves of renal blood flow versus ar- 
terial blood pressure in control, with carotid occlusion 
and during graded aortic occlusions, were plotted for 
each animal. Values of renal blood flow at arterial blood 
pressures of exactly 80, 70, and 60 mm Hg were ob- 
tained by interpolation from individual animal auto- 
regulatory curves. Statistical significance was deter- 
mined by analysis of variance, and data are expressed 
as-mean +:SE. In these experiments the West Virginia 


University guidelines for care and use of animals were 


followed. 


Results © 
Body weight increases significantly during preg- 


‘nancy, whereas kidney weights were the same in all 


three groups (Table I). Hematocrit fell progressively 


- during pregnancy compared with the virgin values, re- 


flecting the progressive gestational plasma volume ex- 
pansion.? The uteri of all pregnant rats were inspected 
during the experiment and appeared normal for the 
stage of pregnancy. | 

During the ‘control period there was no difievence 
in arterial blood pressure between midterm and virgin 


rats, although a gestational renal vasodilation was evi- 


dent with a renal blood flow approximately 20% greater 


: in midterm tats (Fig. 1, p< 0. 05). By late pregnancy 


significant falls had occurred in‘arterial blood pressure 
in spite of plasma volume expansion, which implies that 
total peripheral vascular resistance is markedly dimin- 
ished close to term. In spite of the evidence for a pe- 
ripheral vasodilation (i.e., fall in arterial blood pres- 
sure), renal vasodilation had abated by late in gestation 
and there was no difference in control renal blood flow 
between late-pregnant rats and virgin controls, (Fig. 1) 
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Fig. 1. Renal blood flow (RBF) at control blood pressure (AP), at elevated arterial blood pressure 
during carotid occlusion and during reductions in arterial blood pressure by stepwise aortic occlusion 


in virgin (n = 


7), midterm (12 days) (n = 7), and late-pregnant (19 to 20 days) (n = 8) rats. 


Mean + SE for all renal blood flow measurements and for arterial blood pressure in control and 
during carotid occlusion. No standard errors are given for arterial blood pressure obtained during 
aortic occlusion because renal blood flow was determined at exactly 90 (virgins and midterm), 80, 
70, and 60 mm Hg (a:l groups) by interpolation from individual animal autoregulatory curves. 


Table I. Body weight, left kidney weight, and hematocrit in virgin (n = 7), midterm (n = 1), and 


late-prégnant (n = 8) Munich Wistar rats 


Body weight Left kidney weight 
Rats ‘ (gm) (gm) 


Virgins 202 + 2 
Midterm 236 + 3* 
Late-pregnant 258 + 4f + 


Hematocrit 
(gmidl) 
0.80 + 0.01 47.5 + 0.5 
0.85 + 0.03 43.4 + 0.6* 
0.83 + 0.03 40.6 + 0.87 F 


' All values are expressed as mean + SE. Statistical significance was determined by analysis of variance. 


th < 0.05, midterm versus virgin rats. 
tp < 0.05, late-pregnant versus virgin rats. 
tp < 0.05, midterm versus late-pregnant rats. 


as previously reported for both the awake and anes- 
thetized preparations.” * Renal blood flow was signifi- 
cantly lower in late-pregnant rats versus those in mid- 
pregnancy (p < 0.01). 

Bilateral carotid occlusion produced ~30% increases 
in arterial blood pressure in all three groups (Fig. 1), 
and there was little effect on renal blood flow in virgin 
or pregnant rats. Thus differences in renal blood flow 
seen in control were maintained during carotid occhi- 
sicn. During graded aortic occlvsion reduction in ar- 
terial blood pressure to 90 mm Hg in virgins and mid- 
term rats produced small decreases in renal blood flow 
(Fig. 1) of ~10% (Fig. 2). In late-pregnant rats control 
arterial blood pressure was ~90 mm Hg and control 
renal blood flow was similar to that in virgins and in 
midterm rats after arterial blood pressure reduction to 
90 mm Hg. When arterial blood pressure was reduced 
<90 mm Hg, renal blood flow decreased in proportion 


1 


to the decrease in arterial blood pressure in all three 
groups. There was no difference in renal blood flow 
among the groups at any arterial blood pressure. 

Fig. 2 shows the percent change from control in renal 
blood flow (where control is 100%) during experimen- 
tally induced variations tn arterial blood pressure. The 
inflection point of each curve represents the autoreg- 
ulatory threshold, and, as shown, this threshold for 
virgin and midterm rats lies between 90 and 100 mm 
Hg. However, the autoregulatory threshold for late- 
pregnant rats is reset to a lower value of 88 mm Hg, 
which is the value of arterial blood pressure in control 
for these rats. In all groups autoregulation was in the 
arterial blood pressure range between control and bi- 
lateral carotid occlusion. At an arterial blood pressure 
between control and 90 mm Hg, there was impaired 
and variable autoregulation of renal blood flow in mid- 
term rats, and renal autoregulation was absent in vir- 
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Fig. 2. Renal blood flow (RBF) during experimentally induced increases sana EA in arterial 
blood pressure (AP) expressed as. percent of control renal blood flow. Data are given for virgins 
- (circles, dash-dot line), midterm (squares, dashed line), and late-pregniant (triangles, solid line) rats. 


gins. At values of arterial blood pressure <90 mm Hg, 
autoregulation was absent in all three groups (Fig. 2). 


Comment 


Several studies 'in nongravid animals have shown 
diminished autoregulation of renal blood flow 
during acute drug-induced systemic and renal vaso- 
dilatation.* ° Selective renal vasodilation, by infusion 
of amino acids or hyperglycemia, also significantly 
impaired autoregulatory efficiency of renal blood 
flow.“ In pregnancy the kidney is chronically vaso- 
dilated, with glomerular filtration rate and renal blood 
flow reaching their gestational maximums early in 
pregnancy, and renal vasodilatation is sustained until 
near term, when glomerular filtration rate and renal 
blood flow return to prepregnant values.”* Our current 
study shows that, in contrast to the autoregulatory im- 
pairment seen with acute vasodilatation, with the 
chronic renal vasodilation of pregnancy there is ap- 
parently some resetting of the renal vasculature, so that 
an appropriate autoregulatory resistance change occurs 
in response to a change in pressure in spite of a chronic 
increase in vessel radius. In other words, the chronic 
gestational renal vasodilatation does not impair the au- 
torégulatory ability of the kidney. Furthermore, in pre- 
vious studies we have shown that the chronically va- 
sodilated kidney of the midterm rat is also capable of 
responding with an appropriate acute renal vasodila- 
tation in response to amino acid infusion.” One might 
expect that further vasodilatory responses would be 
attenuated in the already vasodilated renal vasculature 
of midterm pregnancy, but glycine infusion caused sim- 
ilar renal vasodilatation in both midterm and virgin 
rats." 

The results of our current study agree with a study 


by Woods et al 1 in late-pregnant rabbits. These work- 
ers demonstrated similar autoregulation of renal blood 
flow and glomerular filtration rate between an arterial 
blood pressure of 70 and 100 mm Hg in virgins and 
in rabbits exhibiting a gestational renal vasodilatation 


-in which renal blood flow was elevated by ~30%. How- 


ever, one difference between their work and our study 
is that there was no gestational decrease in arterial 
blood pressure close to term in pregnant rabbits.’* Stud- 
ies by others in conscious, chronically catheterized rab- 
bits disagree about whether rabbits demonstrate a late 
gestational hypotension,’*”’ and this variability proba- 
bly depends on the time interval between catheteriza- 
tion and the experiment and the anxiety level of the 
rabbit during the experiment. By contrast, late preg- 
nancy in rats is usually associated with gestational 
decreases in’ arterial blood pressure close to term 
regardless of whether the animals are studied 
under anesthesia or in the conscious, chronically cath- 
eterized preparation. ™! In our current study, by late 
pregnancy the gestational renal vasodilation has abated 
at a time when peripheral vasodilatation, plus opening 
of the uteroplacental shunt, had produced substantial 
falls in arterial blood pressure. Our findings indicate 
that the threshold for renal autoregulation changes 
close to term’ in pregnant rats and shifts to a slightly 
lower arterial blood pressure. If the autoregulatory 
threshold did not shift downward, the gestational de- 
crease in arterial blood pressure would increase the risk 
of hypoperfusion of the maternal kidney. It is inter- 
esting that the arterial blood pressure of normal ani- 
mals (whether pregnant or not) is close to the lower 
limit of autoregulation. Thus there is relatively little 
autoregulatory protection against renal hypoperfusion 
in the event of decreases in arterial blood pressure, 
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whereas aitoregulatory mechanisms are most efficient 
at protecting the glomerulus from elevations in arterial l 


blood pressure in the normal animal. l 

The current work does not address the mechanism(s) 
controlling renal autoregulation. Itis currently believed 
that two major mechanisms control renal autoregvla- 


tion, the myogenic and the tubuloglomerular mecha- 


nisms.? The myogenic theory states that changes i iri tcne 


of the vascular smooth muscle of the afferent arteriole | 
occur in response to changes in transmural pressure ~ 


because of an inherent characteristic of the vessel. The 
tubuloglomerular feedback theory of autoregulation 
suggests that changing arterial blood pressure changes 
some signal that is sensed by the macula densa in the 
distal tubule, which in turn affects the resistance of the 
afferent arteriole of the same nephron: Woods et al.” 
believe that a tubuloglomerular feedback mechanism 
is responsible for renal autoregulation in pregnancy. 


Consistent with this hypothesis is our previous work in . 


midterm rats in which we found that tubuloglomerular 


feedback activity is intact in spite of the gestational 1 mn- ` 


crease in plasma volume.” 
In summary, we have found that autoregulation of 
renal blood flow is intact both in midterm rats when 


renal vasodilation is.at its gestational maximum and’. 


arterial blood pressure is unchar.ged, and in late-preg- 
nant rats when arterial blood pressure is decreased and 
renal vascular resistance is returning to the nonpreg- 
nant state. We have also shown that the dutoregulatory 


threshold in late-pregnant ‘rats is shifted toward lover. 
arterial blood pressure, which may be a defense mech- — 
anism that helps prevent hypoperfusion of the mat=r-. 


nal kidney when arterial blood Dressure characteristi- 
cally falls close to term. 


We thank Lennie Samsell, Kevin Engels, and Paul i 


Harton for excellent technical assistance. 
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Effects of antenatal thyrotropin-releasing hormone, antenatal 
corticosteroids, and postnatal ventilation on surfactant 


mobilization in premature rabbits 


Steven Seidner, MD, Evelyn Rider, MD, Alan Jobe, MD, PhD, Takako Yamada, MD, and 


Machiko Ikegami, MD, PhD 
Torrance, California 


OBJECTIVE: The effects of antenatal hormones on postnatal surfactant mobilization were evaluated in 


preterm rabbits. 


STUDY DESIGN: Pregnant rabbits were treated with vehicle, betamethasone, or thyrotropin-releasing 
hormone for 2 days before cesarean section at 29 days’ gestation (term 31 days). Newborns were 
mechanically ventilated or allowed to spontaneously breathe, and groups were compared by analysis of 


variance. 


RESULTS: Neither antenatal corticosteroids nor thyrotropin-releasing hormone increased radiolabeled 
precursor incorporation, alveolar wash or total lung saturated phosphatidylcholine pools, tung clearance of 
radiolabeled rabbit surfactant, or estimated net secretion of saturated phosphatidyicholine. However, 
saturated phosphatidyicholine pools in alveolar wash increased 2.7-fold during the first 24 hours in 
spontaneously breathing rabbits versus 2.1-fold in mechanically ventilated thyrotropin-releasing , 
hormone —treated and control rabbits (p < 0.05). In addition, estimated net secretion of precursor-derived 
saturated phosphatidyicholine was 50% higher after 24 hours in spontaneously breathing rabbits. 
CONCLUSION: Mechanical ventilation may have hindered the mobilization of surfactant saturated 
phosphatidylcholine pools to the alveolar space after birth in preterm rabbits, but maternal hormonal 
therapies did not appear to influence this adaptive process or change surfactant metabolism. (AM J OBSTET 


GYNECOL 1992;166:1551-9.) 


Key words: Betamethasone, thyrotropin-releasing hormone, rabbits, lung development, 


pulmonary surfactant 


Antenatal maternal administration of both corti- 
costeroids and thyroid hormones may precociously 
induce lung maturation in preterm animals, as 
assessed by morphologic, physiologic, and biochemical 
criteria." ? Excellent reviews by Ballard’ and Rooney?’ 
describe numerous studies in which both corticoste- 
roids and thyroid hormones were associated with in- 
creased activities of the synthetic enzymes of surfactant 
saturated phosphatidylcholine in vitro, increased cho- 
line incorporation into saturated phosphatidyicholine 
in vitro, and increased lung lavage contents of saturated 
phosphatidylcholine in fetal rabbits before the onset of 
breathing. In contrast, when preterm rabbits at 27, 28, 
or 29 day’s gestation were mechanically ventilated for 
30 to 60 minutes before having their lungs lavaged, the 
saturated phosphatidylcholine pools recovered from 
the lavages were no longer increased after the antenatal 
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administration of corticosteroids or thyrotropin-releas- 
ing hormone.®* However, these apparently conflicting 
results would be compatible if the prenatal stimulation 
of synthesis or secretion after hormonal therapy was 
offset by an equivalent inhibition of secretion or in- 
crease in reuptake after birth and the onset of venti- 
lation. The individual components of surfactant satu- 
rated phosphatidylcholine metabolism (secretion, reup- 
take, synthesis, and clearance) have not been previously 
studied postnatally in mechanically ventilated preterm 
animals after maternal corticosteroids or thyroid hor- 
mones are given antenatally. 

For several reasons we chose to study preterm rabbits 
at 29 days’ gestation whose mothers received hor- 
monal therapy on the twenty-seventh and twenty- 
eighth days of gestation. First, the rates of surfactant 
secretion and recvcling are very high in the lungs of 
preterm rabbits delivered at 29 days’ gestation as dem- 
onstrated by the 30-fold increase that occurred in their 
alveolar phosphatidylcholine pools from delivery to 24 
hours after the onset of spontaneous breathing.’ Sec- 
ond, rabbits at this gestational age in our laboratory 
still had significant surfactant deficiency, with alveolar 
pool sizes of <10 pmol saturated phosphatidylcho- 
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ane/kg body weight after 30 minutes of ventilat.on,® 
and a need for supplemental oxygen for survival (un- 
published data). Third, we were able to maintain rabbits 
at this gestational age on mechanical ventilation for up 
‘to 24 hours, enabling randomization of large litters to 
various treatments at multiple time points. Firally, 
when preterm rabbits at various gestational ages re- 
ceived corticosteroids by maternal administration dur- 
ing the 2 days before delivery, the maximal effect on 
protein leak and lung function, in the absence of ex- 
ogenous surfactant replacement, was seen when. the 
mother was treated at 27 and 28 days’ gestation and 
the fetuses were delivered at 29 days.® 


Methods 


Maternal corticosteroid and TRH treatment. Preg- 
nant New Zealand White rabbits were injected with 
either saline vehicle or 0.1 mg/kg betamethasone (Cele- 
stone Soluspan, Schering, Kenilworth, N.J.) given in- 
tramuscularly 48 and 24 hours before delivery, or 3.02 
mg/kg TRH (Bachem, Torrance, Calif.), given intra- 
venously 48,36, 24, and 12 hours before deliver” on 
the twenty-ninth gestational day. Vehicle control, cor- 
ticosteroid-treated, and TRH-treated litters were stud- 
- ied on the same day. Vehicle control and TRH-treated 
litters were either allowed to spontaneously breathe or 
were tracheostomized and mechanically ventilated. All 
corticosteroid-treated litters were mechanically venti- 
lated due to the lower birth weights and increased la- 
bility of the rabbits from those litters. Similarly, exclu- 
sion criteria were selected so that all the animals ana- 
lyzed were in comparable pH balance (see Data 
analysis). All guidelines for the care and use of the 
rabbits approved by our institution were followed. 

Radioisotope and surfactant preparation. Palritic 
acid (1-carbon 14, 56 Ci/mol) and phosphorus 32 (car- 
rier-free, as orthophosphate) were purchased from 
ICN Pharmaceuticals (Irvine, Calif.). The palmitic acid 
was converted to the sodium salt and stabilized with 6% 
bovine serum albumin.’ These isotopes were then œm- 
bined in a 0.9% sodium chloride solution containing 
15 pCi/ml [“C]palmitic acid and 80 pCi/ml 
[’Plorthophosphate and kept frozen until use. 

Unlabeled natural rabbit surfactant was prepzred 
from the pooled lung lavages of adult rabbits, and the 
large surface-active aggregates were isolated by cen- 
trifugation of the alveolar wash at 8000 g for 30 minutes 
at 4° C over 0.7 mol/L sucrose.’ The large aggregates 
recovered at the interface were pelleted at 40,000 g and 
resuspended in 0.9% sodium chloride solution for later 
use. The rabbit surfactant was then radiolabeled by 
mixing it with a suspension of liposomes made with 
[*H]choline-labeled dipalmitoylphosphatidylcholine.”” 
The mixture was centrifuged zt 27,000 g for 15 min- 
utes, and the pellet was suspended in 0.45% sod.um 
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chloride solution to obtain a final concentration of 1.3 
pCi/ml and 1 mg dipalmitoylphosphatidylcholine/ml. 
Liposomes made in this manner and associated with 
natural-surfactant large aggregates were shown pre- 
viously to have the same lung clearance kinetics as nat- 
ural surfactant in 3-day-old rabbits.’ 

Delivery and ventilation. On the twenty-ninth day 
of gestation the does were anesthetized with intrave- 
nous pentobarbital and given supplemental oxygen by 
face mask. Local anesthesia with 1% lidocaine was given 
in the abdominal wall, followed by exposure of the 
uterus and sequential delivery of the rabbit fetuses. 
Each newborn was then weighed, and those that were 
tracheostomized and mechanically ventilated were 
given a mixture of 10 mg/kg ketamine and 0.1 mg/kg 
acepromazine intraperitoneally. Those newborns ran- 
domized to the mechanically ventilated groups were 
tracheostomized with a tube made from an 18-gauge 
needle and given 150 wl of the preparation of tritium- 
labeled rabbit surfactant. This low dose of surfactant 
was administered after lightly compressing the chest 
until tracheal fluid completely filled the endotracheal 
tube and was immediately followed by the administra- 
tion of several breaths of 100% oxygen with an anes- 
thesia bag. By 3 minutes of age each rabbit was trans- 
ferred to a temperature-controlled ventilator-plethys- 
mograph with each set of 10 ventilator circuits driven 
by a time-cycled, pressure-limited Sechrist infant ven- 
tilator (Sechrist Industries, Inc., Anaheim, Calif.}.* 
Each rabbit was then continuously ventilated with 50% 
oxygen at a rate of 30 breaths/min with an inspiratory 
time of 0.7 seconds and no positive end-expiratory 
pressure. Peak inspiratory pressure was regulated in- 
dividually every 20 to 30 minutes with a series of water 
columns to maintain the tidal volume at 12 ml/kg body 
weight, as measured with a pneumotachometer.* This 
amount of ventilation was found to result in stable com- 
pliances and normal PCO, values when the rabbits were 
killed. Dynamic compliance measurements were cal- 
culated by dividing tidal volume/kg body weight by 
peak inspiratory pressure. After delivery of the spon- 
taneously breathing control and TRH-treated litters, 
the newborn rabbits were thoroughly dried, stimulated, 
and. placed in an incubator at 37° C with 50% oxygen 
for 30 minutes before the intratracheal and intravenous 
injections of radicisotopes, After 30 minutes, the rab- 
bits were injected intratracheally with 150 ul of the 
preparation of trittum-labeled rabbit surfactant with a 
27-gauge needle." 

Each newborn rabbit was injected through the ex- 
ternal jugular vein with 0.2 ml of the [*C]palmitate and 
{(**PJorthophosphate surfactant precursor solution 10 
minutes after receiving the intratracheal surfactant. 
Each rabbit was fed 20 to 30 minutes after birth and 
every 8 hours thereafter with 1 to 1.5 ml of Esbilac 
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Table I. Description of groups of animals 
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Lung clearance of 
tritiated rabbit 


surfactant 
Body weight* Tidal volume* 
No. (ml/kg) rt 
Control mechanical ventilation 37 0.8 0.88 
Steroid mechanical ventilation 29 0.9 0.61 
TRH mechanical ventilation 28 0.4 0.63 
Control spontaneously breathing 45 0.8 0.68 
TRH spontaneously breathing 38 1.0 0.96 


*Group mean + SD. 
TUsed to calculate clearance. 
tp < 0.05 versus control and TRH. 


formula (Pet-Ag, Inc., Hampshire. Ill.) through a 3.5Fr 
orogastric infant feeding tube. This feeding schedule 
successfully prevented hypoglycemia as measured by 
Dextrostix on terminal blood samples. Oxacillin, 50 
mg/kg, was given intramuscularly at 2 and 14 hours of 
life. Rabbits from each litter were killed with intrathecal 
injections of lidocaine at 1, 4, 8, 15, and 24 hours after 
receiving the intravenous doses of radiolabeled pre- 
cursors, and terminal blood samples were drawn from 
the hearts for blood gas analysis. 

Processing of lungs. The chest of each rabbit was 
opened and five aliquots of sufficient 0.9% sodium chlo- 
ride solution to distend the lungs (2 to 3 ml) were 
flushed into and out of the airways three times for each 
aliquot and then pooled as the alveolar wash before 
storage at — 20° C for further analysis. The postlavage 
lung tissue was then removed from the chest, weighed, 
and homogenized in 4 ml sodium chloride solution be- 
fore storage at — 20° C as the lung homogenate. Lipids 
from aliquots of the alveolar washes and lung homog- 
enates and from duplicate samples of the intratracheal 
injection solutions were extracted with chloro- 
form/methanol (2:1) and dried under nitrogen at 
50° C." The lipid extracts were then treated with os- 
mium tetroxide and the saturated phosphatidylcholine 
was recovered from the extracts by column chroma- 
tography with neutral alumina according to Mason et 
al.’ Each saturated phosphatidylcholine sample was 
then split and analyzed for phosphorus content ac- 
cording to Bartlett’ and radioactivity by liquid scintil- 
lation counting with Aquasol II (New England Nuclear, 
Boston). 

Data analysis. Rabbits were excluded from analysis 
for terminal pH values <7.00 or Pco, values >65 mm 
Hg. Results are reported as group means + SEM un- 
less otherwise indicated. The rates of clearance of the 
radiolabeled intratracheal surfactant preparations were 
calculated from the slopes of the linear regression 
curves of the recovery percentages. Differences be- 
tween hormonal treatment groups were tested by anal- 


ysis of variance followed by the Student—Newman- 
Keuls multiple comparison procedure. Differences be- 
tween mechanically ventilated and spontaneously 
breathing rabbits for the TRH-treated and vehicle con- 
trol litters were tested by two-way analysis of variance. 


Results 


Description of animals. Of the mechanically venti- 
lated preterm rabbits, 77% of the control group, 72% 
of the TRH group, and 46% of the betamethasone 
group satisfied the pH and Pco, criteria and were in- 
cluded in the results. Metabolic acidosis and intravas- 
cular volume depletion by clinical assessment accounted 
for the vast majority of those excluded from analysis, 
regardless of the treatment group. The significantly 
higher exclusion rate in the newborns from the beta- 
methasone group was probably a secondary effect of 
smaller intravascular volumes at birth after their intra- 
uterine growth retardation. Of the spontaneously 
breathing rabbits, 96% of the control group and 86% 
of the TRH group met the inclusion criteria. The num- 
ber of animals included in the results for each group 
and for body weights and mean tidal volumes during 
mechanical ventilation are shown in Table I. Maternal 
corticosteroid treatment resulted in a significant re- 
duction in fetal body weight (p < 0.05), but peak pres- 
sures were adjusted accordingly so that mean tidal vol- 
umes were comparable in all the mechanically venti- 
lated rabbits. The group means and SDs for pH and 
Pco, values obtained from the terminal blood gases 
from all the rabbits analyzed and for the mean peak 
inspiratory pressures and dynamic compliances of the 
mechanically ventilated rabbits analyzed are shown in 
Fig. 1. Neither antenatal maternal TRH nor betameth- 
asone resulted in any significant differences in those 
animals that met the inclusion criteria. The dynamic 
compliances measured in the mechanically ventilated 
rabbits tended to improve with time. All rabbits initially 
had some degree of metabolic acidosis which seemed 
to improve over time and there was a somewhat higher 
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Fig. 1. pH, PCO, peak inspiratory pressure (PIP), and dynamic 
compliance values for those rabbits meeting inclusion criteria. 
Each point represents group mean + SD for animals killed at 


that time. Solid symbols, Mechanically ventilated rabbits; open 


symbols, spontaneously breathing rabbits: Antenatal hormone 
treatments are represented by different: symbols as indicated. 
Dynamic compliance and peak inspiratory pressure were only 
measured in ease acy ventilated rabbits. 


degree of respiratory compensation ‘after 1 hour in 
those rabbits that were mechaniczlly ventilated. | 
Lung clearance of intratracheal saturated phospha- 
tidylcholine liposomes associated with rabbit surfac- 
tant. Tritiated choline dipalmitoy!phosphatidylcholine 
liposomes associated with natural rabbit surfactant were 
cleared from the total lungs (alveolar wash + lung ho- 


mogenate) of all groups at very slow rates of =1%/hour-: 


from 1 to 24 hours postnatally as calculated by linear 
regression of the total lung recovery curves (Table 1). 
There were no significant differences resulting frorn 
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either maternal hormone treatments or the use of me- 
chanical ventilation. 

Lung incorporation of saturated phosphatidylcho- 
line precursors. “C-labeled palmitate was incorporated 
more rapidly and more efficiently into preterm rabbit 
lung saturated phosphatidylcholine (Fig. 2, A) than 


- {*Pjorthophosphate, as expected (Fig. 2, B), because 
_ the former may enter the fatty-acid side chains of sat- 
-urated phosphatidylcholine by remodeling or de novo 


synthesis whereas the latter must be incoprorated into 
the saturated phosphatidylcholine backbone by de novo 
synthesis. Because incorporation through the remod- 
eling pathway is very rapid and probably more efficient 
than incorporation through de novo synthesis, the max- 
imum incorporation for “C-labeled palmitate occurs by 
1 hour, after which clearance of labeled saturated phos- 
phatidylcholine equals or exceeds incorporation by de 
novo synthesis. However, the incorporation of the pre- 


_ cursors was not significantly affected by maternal TRH, 


maternal betamethasone, or mechanical ventilation. 

' Estimated secretion of saturated phosphatidylcho- 
line. Secretion of lung saturated phosphatidylcholine 
into the air spaces after birth was estimated by mea- 
suring the percentage of “C-precursor—labeled satu- 
rated phosphatidylcholine recovered from the alveolar 
wash relative to the recovery from the total lung (Fig. 
3). As expected, the percentage of precursor-labeled 


| saturated. phosphatidylcholine recovered from the al- 


veolar wash increased significantly over time in all 
groups. Neither maternal TRH nor corticosteroids 
caused any significant changes in the percentages of 
labeled saturated phosphatidylcholine recovered from 
the washes of the newborns at any of the time points 
studied. However, all groups of rabbits that were me- 
chanically ventilated had significantly smaller percent- 
ages of precursor-labeled saturated phosphatidylcho- 
line recoveries from their alveolar washes after 24 
hours than did rabbits allowed to spontaneously 


. breathe ($ < 0.05). 


Saturated phosphatidylcholine pool sizes. Saturated 
phosphatidylcholine pools recovered from the air 
spaces by alveolar wash and from the remaining lungs 
after homogenization increased significantly in all five 
groups from 1 to 24 hours (p < 0.01), but neither ma- 
ternal TRH nor corticosteroid treatment resulted in 
significantly increased alveolar wash or lung homoge- 


' nate saturated phosphatidylcholine pools compared 


with controls (Fig. 4, A and B). However, although nei- 
ther lung homogenate (Fig. 3, B) nor total lung (al- 
veolar wash + lung homogenates) saturated phospha- 


-tidylcholine pools (data not shown) were changed sig- 


nificantly by the mode of ventilation, the alveolar wash 
saturated’ phosphatidylcholine pools increased 2.1-fold 
postnatally from 1 to 24 hours in mechanically venti- 
lated TRH and control groups compared with 2.7-fold 
in spontaneously breathing control and TRH groups 
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Fig. 2. Percentage of administered radiolabeled precursors TE into preterm rabbit lung 
saturated phosphatidylcholine (Sat PC) from 1 to 24 hours. All incorporation percentages refer to 
recoveries from total lungs (alveolar wash plus post lavage lung tissue). In A bars'from left to right 


within each treatment group represent group means 


+ SE for rabbits killed at 1, 4, 8, 15, and 24 


hours. Antenatal hormone treatments are indicated below x axis. Cross-haiched bars, Mechanically 
ventilated rabbits; open bars, spontaneously breathing rabbits. In B results are shown for rabbits 
killed at 4, 8, 15, and 24 hours because amount of *P incorporated by 1 hour was very low. 


(p< 0.05 by two-way analysis of variance), which was 
consistent with the lower estimated secretory rates and 
unchanged incorporation rates seen in those groups 
that were mechanically ventilated. 

Lung uptake and recycling of surfactant saturated 
phosphatidylcholine. The fractional recovery from the 
alveolar wash of the tritiated saturated phosphatidyl- 
choline that was given intratracheally after being as- 
sociated with natural rabbit surfactant decreased ini- 
tially consistent with reuptake but then actually had a 
tendency to increase during the later times, consistent 
with resecretion and increasing mobilization of alveolar 
pools (Fig. 5). This progression was not affected by 
maternal hormone treatments, but the spontaneously 
breathing controls and TRH-treated rabbits tended to 
have the largest increases in fractional recoveries from 
the alveolar washes at the later times. 


Comment 


Rooney et al.” found in preterm rabbits (27 days’ 
gestation) that maternal TRH, at the same dose as in 
the current study (0.02 mg/kg for four doses), in- 
creased the alveolar pool sizes of phosphatidylcholine 
when lung lavages were performed before the onset of 
ventilation, whereas Ikegami et al.* found no significant 


change in alveolar pools compared with vehicle-injected 
controls when the lung lavages were done after 30 min- 
utes of mechanical ventilation. Similarly, Fiascone et al.’ 
recovered increased alveolar pools of surfactant phos- 
phatidylcholine from unventilated preterm rabbit 
lungs after the administration of antenatal maternal 


corticosteroids when compared with the newborns of 


vehicle-injected controls but recovered much larger al- 
veolar phosphatidylcholine pools with no differences 
between the offspring of corticosteroid-treated and 
controls after 1 hour of mechanical ventilation. How- 
ever, an unchanged alveolar pool size may occur in spite 
of significant alterations in surfactant metabolism be- 
cause synthesis, secretion, recycling, and clearance or 
degradation all contribute in a complicated manner to 
the resulting alveolar pools recovered.’* '’ This is es- 
pecially true near term during neonatal transition when 
both secretion into and reuptake from the alveolar 
space rapidly increase and then gradually reequilibrate 
to a new set point. The alveolar pools of preterm 
rabbits at 29 days’ gestation increased 30-fold from the 
time of delivery until 24 hours after the onset of spon- 
taneous breathing,’ and the alveolar pools of mechan- 
ically ventilated preterm lambs at 136 days’ gestation 
increased fourfold from birth to 20 minutes of age and 
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Fig. 3. Effects of various treatments on estumated net secretion of prena saturated phos- 
phatidylcholine (Sat PC) from | to 24 hours. Bars from left to right within each treatment group 
represent group means + SE for rabbits killed at 1, 4, 8, 15,-and 24 hours with almost no secretion 
seen in all groups at 1 hour. Cross hatched barz, Mechanically ventilated rabbits; open bars, spontaneously 
breathing rabbits. Antenatal maternal therzpy is indicated below x axis under corresponding groups. 


doubled again by 10 hours of age.'® We studied preterm 
rabbits delivered at 29 days’ gestation to measure the 
postnatal effects of hormonal zgents and mechanical 
ventilation on surfactant saturated phosphatidyicholine 
metabolism during this period of rapid mobilizatior. of 
surfactant saturated phosphatidvicholine pools into -he 
air spaces. | 
Hormonal effects on lung maturation and surfactant 
metabolism are related to dose, species, the time in 
gestation during which they are administered, and 
whether they are given to the mother or the fetus.°*° 
Direct fetal administration of corticosteroids in lambs 
and rabbits appeared to cause mcre pronounced effects 
on surfactant phosphatidylcholme pools and smaller 
effects on overall fetal growth,” **** whereas maternally 
administered corticosteroids in rabbits and primates pf- 
ten did not cause any significant changes in phospha- 
tidylcholine pool sizes in the fetuses but did inhibit 
growth in preterm rabbits.** ?*?7 Evaluating thyroid 
hormone effects on lung function and surfactant phos- 
pholipid metabolism is further complicated by inter- 
species differences in placental transport of thyroxme 
and triiodothyronine with particularly limited mater- 
nal-fetal transport across the human placenta. Thyrox- 
ine injected intraamniotically did appear to accelerate 
fe-al lung maturation but required amniocentesis for 
administration.***° TRH is clinically a potentially userul 
preparation because it readily crosses the human pia- 
centa and when given intravenously.to mothers with 
term fetuses caused significant increases in cord blood 
levels of thyroid-stimulating hormone, triiodothyro- 
nine, and thyroxine 2 hours later.” *’ The elevation of 
triiodothyronine and thyroxine in fetal blood was tran- 
sient and was not seen 12 hours after maternal TRH 


administration in preterm rabbits’ or humans.” Liggins 
et al.” found significant increases in alveolar pool sizes 
of saturated phosphatidylcholine at birth in preterm 
lambs given fetal infusions: of TRH alone compared 
with controls and those given cortisol alone, which were 
not different from each other. Oulton et al.” found no 
significant increases in the alveolar phospholipid pools 
of 27-day preterm rabbits at birth after 0.04 mg/kg per 
dose of maternal TRH given intravenously in single or 
multiple doses (24 hours apart) from 24 to 26 days’ 
gestation. However, the preterm rabbits all had in- 
creased lamellar body (intracellular) fractions of phos- 
pholipids compared with controls whose mothers did 
not receive TRH antenatally. These increased lamellar 
body pools would theoretically create a larger pool from 
which saturated. phosphatidylcholine could be mobi- 
lized during neonatal transition, but increased mobi- 
lization after maternal TRH administration was. not 
seen in 27-day preterm rabbits after 30 minutes of 
ventilation’ in spite of larger alveolar pools seen at 27 
days before the onset of ventilation.” This suggested 
to us that antenatal thyroid hormones might also have 
effects on postnatal secretion and recycling and that 29 
days’ gestation was a good time to study these phenom- 
ena because of the very high rate of mobilization pre- 
viously seen at this point of Aveo ment in sponta- 
neously breathing rabbits.’ 

‘Maternal TRH administration might also stimulate 
lung maturation by increasing the release of prolactin 
or by direct central effects on respiratory timing be- 
cause it has been shown to increase fetal breathing 
movements in lambs in utero” and to increase respi- 
ratory rate and minute ventilation in preterm rabbits 
spontaneously breathing at 29 days’ gestation.” We 
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Fig. 4. Surfactant saturated phosphatidylcholine (Sat PC) pool sizes recovered from air spaces by 
alveolar wash (AW) in A and from remaining lung homogenates (LH) in B as determined by mea- 
suring total phosphorus content of saturated phosphatidylcholine fraction. Bars from left to right 
within each treatment group represent group means + SE for rabbits killed at 1, 4, 8, 15, and 24 
hours. Group means are expressed as micromoles saturated phosphatidvicholine per kilogram of 
body weight. Ventilatory style and antenatal hormonal therapy are as in previous figures. Proportion 
of total lung saturated phosphatidylcholine pool (alveolar wash plus lung homogenates) that was 
recovered from alveolar wash increased significantly over time in all groups (p < 0.01). 


therefore studied the effects of matenal TRH on both 
mechanically ventilated and spontaneously breathing 
preterm rabbits and compared them with similarly ven- 
tilated controls. Because respiratory timing effects have 
not been reported after corticosteroid treatments and 
the newborns were smaller and generally more labile, 
we only studied mechanically ventilated rabbits for that 
treatment. However, in this study antenatal maternal 
TRH did not appear to affect surfactant saturated 
phosphatidylcholine metabolism in either . sponta- 
neously breathing or mechanically ventilated rabbits. 
Most of the previous studies had used 'much higher 
doses of TRH by direct fetal injection either intrace- 
rebrally or intravenously.” * 

Total lung incorporation of radiolabeled palmitate 
and orthophosphate precursors into saturated phos- 
phatidylcholine was not consistently affected by either 
hormonal treatments nor ventilatory style. Although it 
is possible that concurrent changes in precursor pool 
sizes of fatty acids and phosphate could have obscured 


any hormonal effects, it is unlikely that this occurred 
because the incorporation changed with time in a con- 
sistent and appropriate manner for two different pre- 
cursors entering different pools. In addition, total lung 
saturated phosphatidylcholine pool sizes per kilogram 
body weight were also similar after TRH, corticoste- 
roid, or vehicle administration. This strongly supports 
the existence of similar synthetic rates for saturated ` 
phosphatidylcholine because the contribution of lung 
clearance to the pool. sizes was minor with <1% per 
hour cleared from, the lungs in all the groups. The 
relatively small changes that occurred in parenchymal 
lung pools of saturated phosphatidylcholine after birth 
resulting from relatively little saturated phosphatidyl- . 
choline synthesis and very little clearance were consis- 
tent with the stable parenchymal saturated phospha- 
tidylcholine lung pools and biologic half-lives of 100 to 
360 hours for. parenchymal saturated phosphatidyl- 
choline estimated previously in 29-day spontaneously 
breathing rabbits in the newborn period.’ Therefore 
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Fig. 5. Alveolar wash (AW) recovery of tritiam-labeled rabbit surfactant given intratracheally at birth. 
These recoveries, expressed as percentages of radioactivity administered at birth, resulted from 
combined effects of surfactant saturated phosphatidylcholine (Sat PC) clearance, lung uptake, and 
resecretion into lungs. Rapid mobilization and resecretion of saturated phosphatidylcholine pools 
from lung parenchyma appeared to be more rapid than combined rates of lung uptake and alveolar 
degradation at the later time points. Bar: from left to right within each treatment group again 
represent group means + SE for rabbits killed at 1, 4, 8, 15 and 24 hours. 


the large increases seen postnatally in saturated phos- 
phatidylcholine alveolar pools after the onset of ven- 
tilation were much more dependent on changes in se- 
cretion and recycling resulting in mobilization of 2x- 
isting pools in the lung. Neither mechanical ventilation 
nor maternal hormonal treatments with TRH or cor- 
ticosteroids resulted in decreasing the relative impor- 
tance of mobilizing existing pools. 

Because there was very little degradation of saturated 
phosphatidylcholine after birth, we were able to esti- 
mate net secretion into the air spaces by measuring the 
percentages of “C and *P incorporated from precur- 
sors.into saturated phosphatidylcholine that were sub- 
sequently recovered from the alveolar washes. Assum- 
ing a totally efficient alveolar wash and negligible deg- 
radation, the net secretion would be equal to the total 
amount of radiolabel secreted into the air spaces minus 
the total amount reassociated with the lung. The per- 
centages of precursor-labeled saturated phosphatidyl- 
choline recovered from the alveolar washes would be 
directly proportional to the net secretion, assuming that 
the fractions of saturated phosphatidylcholine in the 
lung that were not part of surfactant pools remained 
constant. This assumption appeared to be valid because 
we saw no effects of antenatal maternal treatments with 
TRH or corticosteroids on either the pool sizes of sat- 
urated phosphatidylcholine recovered from the alveo- 
lar space or the estimated net secretion into the alveolar 


space. Although this study was designed primarily to 
examine the effects of antenatal maternal treatments 
with TRH or corticosteroids, the most intriguing dif- 
ferences were between those rabbits allowed to spon- 
taneously breathe and those that were mechanically 
ventilated whether receiving antenatal TRH or vehicle. 
Preterm rabbits allowed to spontaneously breathe had 
significantly higher net secretions of saturated phos- 
phatidylcholine at 15 and 24 hours compared with 
those that were mechanically ventilated. Spontaneously 
breathing newborns also had larger increases in their 
alveolar pools at 24 hours compared with those me- 
chanically ventilated, also consistent with higher net 
secretions of saturated phosphatidylcholine because 
clearance and synthesis were not altered by the venti- 
latory style. Mechanically ventilated rabbits were given 
the same amount of oxygen, antibiotics, and nutrition 
as the preterm rabbits allowed to spontaneously 
breathe; there were no significant differences in the 
blocd gases for those in which the higher net secretions 
were seen at 15 and 24 hours. We could not separate 
the effects of anesthesia and tracheostomy from those 
of mechanical ventilation in this study, but the slowing 
of net secretion appeared to be a secondary effect of 
lung injury or other changes that occurred in the lung 
after more prolonged ventilation because there were 
no differences seen at the earlier time points. 

In summary, this was the first study where preterm 
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rabbits have been mechanically ventilated for up to 24 
hours, and the majority tolerated the procedure well 
as assessed by terminal blood gas analysis. The 24-hour 
postnatal course of the preterm rabbit at 29 days’ ges- 
tation provided a unique opportunity to observe a pe- 
riod of extremely rapid mobilization of lung-associated 
surfactant saturated phosphatidylcholine into the al- 
veolar space. Even tritium-labeled surfactant saturated 
phosphatidylcholine given intratracheally failed to con- 
tinuously decrease in the alveolar space with time (with 
a tendency to actually increase from 8 to 24 hours), 
suggesting that recycling and resecretion became as fast 
or faster than uptake by the lung. Antenatal maternal 
TRH or betamethasone in doses that improved lung 
function in 27 to 29-day preterm rabbits did not affect 
saturated phosphatidyicholine synthesis, clearance, or 
net secretion postnatally at 29 days’ gestation. Mechan- 
ical ventilation was associated with a slower mobilization 
of lung-associated saturated phosphatidylcholine stores 
into the alveolar space after birth. Our results suggest 
that the ventilated preterm rabbit model may also be 
useful for studying relationships between mechanical 
ventilation and lung injury. 
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Now-Nitro-L-arginine, an inhibitor of nitric oxide synthesis, 


increases blood pressure in rats and reverses the 


pregnancy-induced refractoriness to vasopressor agents 


Miklós Molnar, MD, and Frank Hertelendy, PhD, DSc 


St. Louis, Missouri 


OBJECTIVE: With Nw-nitro-tL-arginine, a potent inhibitor of nitric oxide synthesis, we tested the hypothesis 
that nitric oxide plays a functional role in the blunted pressor responsiveness seen during pregnancy. 
STUDY DESIGN: A group of six pregnant rats were instrumented on the fourteenth day of gestation and 
studied on days 19 and 20, as well es 7 days post partum. Another group of six virgin rats were similarly 
prepared and used 5 days after surg2ry. Blood pressure and heart rate were monitored in conscious freely 
moving animals before and during the administration of drugs or placebo. Results were analyzed, by 
one-way repeated-measures analysis of variance, with Dunnett's t test, or by paired t test where 


applicable. 


RESULTS: Basal mean arterial pressure and heart rate were 90.8 + 3.0 mm Hg and 330 + 6 beats/min 
in pregnant animals and 107.1 + 3.2 mm Hg and 315 + 7 beats/min in nonpregnant animals. Pressor 
_responses to angiotensin Il, vasopressin, and norepinephrine were attenuated in gravid animals. Infusion 
of Nw-nitro-L-arginine significantly and in a dose-dependent manner increased mean arterial pressure and 
reduced heart rate. These effects coid be completely reversed by L-arginine administration. Changes in 
mean arterial pressure were higher during pregnancy as conpared with postpartum values. 
Nw-nitro-L-arginine infusion potentiated pressor responses t3 all three vasopressors, resulting in dose- 
response curves that were significantty shifted to the left, making them virtually identical in pregnant and 


postpartum rats. 


CONCLUSION: Our data support the emerging view that nitric oxide plays a key role in the regulation of 
blood pressure during pregnancy. (Am J OssteT GYNECOL 1992;166:1560-7.) 


Key words: Rat, pregnancy, nitric oxide, Nw-nitro-L-arginine, pressor responsiveness 


Attenuated responses to vasopressor agents and re- 
duced peripheral resistance and blood pressure are 
among the hemodynamic changes that characterize 
pregnancy. The mechanism(s) responsible for these 
phenomena is not known. Possible changes in affinity 
and/or density of vasoconstrictor receptors as causativ2 
factors have been ruled out. *? In early studies inhibitors 
of cyclooxygenase (the enzyme responsible for the con- 
version of arachidonic acid to prostanoids) reduced the 
dose of vasopressors required to raise blood pressure 
in pregnant women; therefore it was proposed tha: 
vasodilator prostaglandins are responsible for the preg- 
nancy-associated circulatory changes.?* However, sub- 
sequent studies in the rat and guinea pig failed to cor- 
roborate these observations,” ê and the prostaglandin 
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theory remains controversial. There is growing evi- 
dence that endothelium-derived factors may play im- 
portant, local paracrine functions in the regulation of 
vascular tone.’ We*® have reported recently that, 
whereas pressor responses to angiotensin II and va- 
sopressin were typically attenuated in chronically in- 
strumented, conscious pregnant rats, the endothelin 
ET-1, a highly potent endothelium-derived vasopressor 
peptide, was equally effective in raising mean arterial 
pressure (MAP) in both pregnant and nonpregnant 
animals. Endothelium-derived relaxing factor, which is 
identical in its action to nitric oxide,’ is synthesized by 
endothelial cells from the guanidino group of L-argi- 
nine.“ Moreover, certain analogs of arginine, such as 
N-monomethyl-L-arginine and Nw-nitro-L-arginine, 
have been found to inhibit nitric oxide synthesis and 
vasodilatation in vitro,'''* as well as raise blood pressure 
in vivo. ° We made use of the latter inhibitor, which 
has been reported to be significantly more potent than 
N-monomethyl-L-arginine,'" '™? to examine the possible 
role of endothelium-derived relaxing factor—nitric ox- 
ide in pregnancy-attenuated basal MAP and MAP re- 
sponses to angiotensin IJ, vasopressin, and norepi- 
nephrine in chronically instrumented rats during preg- 
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Fig. 1. Effect of infusion of Nw-nitro-L-arginine (NOARG) on MAP and heart rate in pregnant (A) | 
and virgin (B) rats. Inset, Molecular structure of Nw-nitro-L-arginine. Experimental conditions are 


detailed in Material and Methods section. 


~ nancy and 7 days post partum. Our results support the 
notion that blunted pressor responsiveness during nor- 
mal gestation is due largely to increased elaboration of 
endothelium-derived—nitric oxide. 


Material and methods 


Reagents. Synthetic angiotensin II was purchased 
from Calbiochem (La Jolla, Calif.). Nw-nitro-L-arginine 
methyl ester, arginine vasopressin, norepinephrine, 
and all other chemicals used were obtained from Sigma 

Chemical Co. (St. Louis). 

. Preparation of chronically catheterized rats. Wistar- 
derived pregnant rats (LATI, Gödöllö, Hungary) 
weighing 260 to 300 gm were kept in standard meta- 
bolic cages for 3 days before surgery. The guidelines 
approved by the animal research committee of Sem- 
melweis Medical University for the care and use of 
animals were followed throughout this study. Animals 
were instrumented while they were under surgical level 
anesthesia on the fourteenth day of gestation (delivery 


on day 21] or 22) according to Fejes-Téth et al.“ In © 
brief, with the animals under ketamine (75 mg/kg body 
weight) and pentobarbital (15 mg/kg body weight) an- 
esthesia, polyethylene catheters (PE-10, Clay Adams, 
Parsippany, N.J.) were implanted into the abdominal 
aorta and vena cava through the ventral tail artery and _ 
femoral vein, respectively. The venous catheter was ` 
guided subcutaneously to the root of the tail. Both cath- 
eters emerging from the tail and the wounds were pro- . 
tected by an acrylic cuff glued to the tail. The cuff was | 
connected to a stainless steel helical spring leading 
through the top of the metabolic cage, allowing easy 
hookup to recorder and infusion pump. 
Measurement of MAP and pressor responsiveness. 
On day 19 sterile saline solution was infused at 0.5 
ml/ 100 gm body weight per hour via the venous cath- . 
eter, and MAP was recorded in conscious, freely moving 
rats by means of an electromanometer (Medicor, Bu- 
dapest) and a Statham P23dP pressure transducer 
(Hato Rey, Puerto Rico). After an equilibration period 
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Table I. Effect of infusion of L-arginine and combined infusion of L-arginine with Ne-nitro-L-arginine on 
angiotensin lI—, vasopressin-, and norepinephrine-induced pressor responsiveness in virgin and pregnant rats 


L-Arginine (5 mg/100 gm body weight! hr) 


Saline 
Group Angiotensin I Norepinephrine 


Virgin MAP 110.0 + 4.1 144.3 + 2.9 140.1 + 2.5 146.5 + 2.5 
(mm Hg) 

Pregnant MAP 92.3: S309 1158-4 2:1 107.8)2.45 110.3 + 3.4 
(mm Hg) 


Chronically instrumented rats were infused at 0.5 ml/100 gm body weight via venous catheter with L-arginine (5 mg/100 gm 
body weight) or with L-arginine (5 mg/100 gm body weight) + Nw-nitro-L-arginine (1 mg/100 gm body weight) simultaneously. 
After an equilibration period of 1 hour, a single dose of angiotensin II (10 pmol/100 gm body weight), vasopressin (7 pmol/100 
gm body weight), or norepinephrine (60 pmol/100 gm body weight) was injected into the vena cava and changes in MAP were 


monitored continuously as described in Material and Methods. 


of 2 hours, each animal received increasing doses of 
angiotensin II in a volume of 5 1/100 gm body weight, 
via the catheter implanted into the vena cava, followed 
by an injection of 100 pl of saline solution. A period of 
20 minutes was allowed to elapse between the admin- 
istration of incremental doses. The same procedure was 
repeated with vasopressin and norepinephrine. The 
next day Nw-nitro-L-arginine, dissolved in sterile saline 
solution, was infused at 1 mg/100 gm body weight per 
hour in a volume of 0.5 ml/hr, and MAP and pressor 
responses to angiotensin II, vasopressin, and nore?i- 
nephrine were recorded as on the previous day. Pups 
were removed immediately after delivery, and the ex- 
periments were repeated on the same animals 7 days 
post partum or on weight- and age-matched virgin rats. 

Measurement of effects of Nw-nitro-L-arginine in 
pregnant and virgin rats. Day 14 pregnant rats (n = 5) 
and weight- and time-matched virgin rats (n = 6) were 
instrumented and kept as described. Five days later 
sterile saline solution was infused at 0.5 ml/100 gm 
body weight via venous catheter. After an equilibraticn 
period of 1 hour increasing doses of Nw-nitro-L-argi- 
nine (0.05 to 2 mg/100 gm body weight) were infused 
for | hour at a rate of 0.5 ml/hr, and MAP and heart 
rate were recorded continuously in conscious, freely 
moving animals. 

Statistical analysis. Pressor responses are expressed 
as MAP changes from preinfusicn baseline (mean = 
SEM). Statistical evaluation of dose-response values was 
done by one-way repeated-meastres analysis of vari- 
ance and Dunnett’s ¢ test. Comparisons of saline solu- 
tion and Nw-nitro-L-arginine treatment and of preg- 
nancy and postpartum values were done by paired 
t test. 


Results 


Basal MAP was significantly higher (p < 0.005) in 
nonpregnant animals (107.1 + 3.2 mm Hg) as com- 


pared with pregnant values (90.8 + 3.0 mm Hg). In- 
fusion of Nw-nitro-L-arginine significantly and in a 
dose-dependent manner increased MAP and reduced 
heart rate in both pregnant and virgin animals, with 
an identical median effective dose of 0.25 + 0.01 
mg/100 gm body weight (Fig. 1). The maximal MAP 
responses were higher, though not significantly so 
(p = 0.091), in pregnant animals (42.7 + 1.04 
mm Hg) as compared with virgin animals (36.0 + 
3.6 mm Hg). Changes in heart rate were higher, 
but again not significantly so (p = 0.093), in virgin 
rats (77.3 + 13.5 x 1/min) versus pregnant rats 
(55.0 + 4.7 x 1/min). However, when Nw-nitro-L-ar- 
ginine (1 mg/100 gm body weight per hour)—induced 
increments in MAP in late-pregnant animals 
(44.0 + 3.4 mm Hg) were compared with those ob- 
tained in the same rats 7 days post partum (33.8 + 7.6 
mm. Hg), these were found to be significantly different 
(p < 0.005 by paired ¢ test). Nevertheless, MAP re- 
mained significantly (p < 0.01) higher in nonpregnant 
animals during the Ne-nitro-L-arginine infusion (Fig. 
2). Infusion of a fivefold excess of L-arginine completely 
reversed Nw-nitro-L-arginine—induced pressor effects 
and reflex bradycardia (Fig. 3). Administration of L- 
arginine alone did not alter MAP in saline solution— 
treated rats and did not reduce the pressor respon- 
siveness of angiotensin II, vasopressin, or norepineph- 
rine. In animals pretreated with L-arginine (5 mg/100 
gm body weight per hour), Nw-nitro-L-arginine 
(1 mg/100 gm body weight per hour) did not influence 
MAP or heart rate and did not affect angiotensin II-, 
vasopressin-, and norepinephrine-induced pressor re- 
sponses (Table I). 

Angiotensin II, vasopressin, and norepinephrine 
caused a dose-dependent rise in MAP. Dose-response 
curves for all agonists were shifted significantly to the 
right in pregnant animals (Figs. 4, 5, and 6). Angio- 
tensin IJ and vasopressin were more potent vaso- 
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L-Arginine (5 mg/100 gm body weightlhr) plus Nw-nitro-L-arginine (1 mg! 100 gm body weight/hr) 


Saline 
solution 


108.9 + 3.9 140.3 + 3.5 
91.2 + 4.] 120.0 + 6.7 


constrictors than norepinephrine. The angiotensin 
II—generated response curve yielded median effective 
dose values of 6.7 + 0.69 and 12.5 + 2.29 pmol/100 
gm body weight for the nonpregnant and pregnant 
animals, respectively. The corresponding median ef- 
fective dose values were 5.6 + 1.79 and 10.2 + 2.10 
pmol/100 gm body weight for vasopressin and 
43.4 + 4.91 and 105.9 + 8.41 pmol/100 gm body 
weight for norepinephrine. The maximal changes in 
MAP evoked by all three agonists were not significantly 
different. Infusion of Nw-nitro-L-arginine potentiated 
pressor responses to the pressor agent, resulting in 
dose-response curves that were significantly shifted to 
the left. Importantly, Nw-nitro-L-arginine reversed the 
blunted pressor responses to all agonists obtained dur- 
ing gestation, yielding dose-response curves that were 
virtually identical to those generated in nonpregnant 
rats (Figs. 4, 5, and 6). Median effective dose values 
for angiotensin IJ, vasopressin, and norepinephrine 
were reduced to 1.0 = 0.18, 3.1 + 1.08, and 
17.3 + 5.17 pmol/100 gm body weight, respectively. 
However, the maximal changes of MAP were not sig- 
nificantly different in either Nw-nitro-L-arginine or 
control (saline solutiori—treated) groups. The dose-re- 
sponse curves of all agonists used in this study were 
superimposable in virgin rats and in rats 7 days post 
partum (data not shown). 


Comment 


In the current study with chronically instrumented 
conscious rats, we have been able to show that intra- 
venous infusion of Nw-nitro-L-arginine, a potent in- 
hibitor of nitric oxide synthesis,’' causes a significant 
increase in basal MAP in nonpregnant rats but partic- 
ularly in gravid rats. More importantly, during contin- 
uous infusion of Nw-nitro-L-arginine, the blunted va- 
sopressor response to several agonists, which is char- 
acteristic of human and rodent pregnancy, ^" was 
obliterated. 

Endothelium-derived relaxing factor is believed to 
be either identical or very similar to nitric oxide, and 
it contains a reactive nitrogen moiety synthesized from 


Angiotensin I 





Norepinephrine 


139.9 + 4.4 149.7 + 3.9 


110.1 + 3.6 95.3 + 5.4 


L-arginine as an endogenous substrate in vascular en- 
dothelium and in other cells.'° '® 1° Structural analogs 
of L-arginine, such as Nw-nitro-L-arginine or N-mono- 
methyl-L-arginine, competitively inhibit the formation 
of nitric oxide, which can be reversed by excess amounts 
of L-arginine.” Indeed, the current study has demon- 
strated that in the presence of a continuous infusion of 
a fivefold excess of L-arginine, Nw-nitro-L-arginine had 
no influence on basal blood pressure or on the pressor 
effects of angiotensin II, vasopressin, or norepineph- 
rine, providing strong evidence that its action is due 
specifically to the inhibition of nitric oxide synthesis 
from L-arginine. Additional evidence that the effect of 
L-arginine is specific was obtained by showing that the 
basal blood pressure and the pressor responses to an- 
giotensin II, vasopressin, and norepinephrine were not 
affected by L- -arginine treatment alone. 

Normal human pregnancy is accompanied by strik- 
ing cardiovascular changes. There is an increase in 
heart rate, cardiac output, and blood volume and a 
decrease in arterial pressure and responsiveness to an- 
giotensin I].'° The chronically instrumented conscious 
rat has been shown to exhibit gestation-induced car- 
diovascular and renal changes very similar to those ob- 
served in normal pregnant women,*®! rendering it an 
appropriate and useful model for the investigation of 
pregnancy-induced hemodynamic changes, including 
the attenuated responsiveness to pressor agents.” 
These changes have been attributed to increased pro- 
duction of vasodilator prostanoids.2* However, this 
concept has.been disputed since inhibitors of cyclo- 
oxygenase failed io alter pressor responsiveness in the 
ratë and guinea pig. There is growing evidence that 
substances derived from the endothelium may play cru- 
cial roles in the local paracrine regulation of blood pres- 
sure. Supporting the role of endothelium-derived re- 
laxing factor in blood pressure regulation in the gravid 
female are the findings of an increased relaxant effect 
of acetylcholine in vascular preparations with intact en- 
dothelium of pregnant guinea pig, as well as thé 
significant increase during gestation in plasma and uri- 
nary levels of cyclic guanosine monophosphate,” be- 
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Fig. 2. MAP changes during infusion of Nw-nitro-L-arginine at rate of 1 mg/100 gm body weight 
per hour and saline solution, both at rate of 0.5 mi/hr, in chronically instrumented, conscious, 
pregnant and nonpregnant rats. Saline solution and No-nitro-L-arginine infusions were started at 
time 0. Values are mean + SEM (n = 6). Open symbols, MAP measured during saline solution infusion 
in rats during pregnancy (A) and 7 days post partum (©). Every poini of nonpregnant animals is 
significantly (p < 0.005) higher than corresponding pregnant values. Closed symbols, MAP values 
obtained during Nw-nitro-L-arginine infusion in pregnant (4) and nonpregnant (@) animals. MAP 
of Nw-nitro-L-arginine—infused nonpregnant rats is significantly (p < 0.05) higher than correspond- 
ing pregnant values. 
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Fig. 3. L-Arginine reversed Nw-nitro-L-arginine—induced vasoconstriction. Chronically catheterized 
pregnant rats were infused with Nw-nitro-L-arginine (1 mg/100 gm body weight per hour) at rate 
of 0.5 ml/100 gm body weight per hour. After 2 hours infusion was continued with saline solution 
(A) or L-arginine (5 mg/100 gm body weight per hour) (B) at same flow rate. MAP and heart rate 
were monitored continvously, as described m Material and Methods. 
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Fig. 4. Pressor responses to angiotensin IJ in pregnant (A, 4) 
and nonpregnant (O, ®) rats during saline solution (A) and 
Ne-nitro-L-arginine (B) infusion. Values are mean + SEM 
(n = 6) of changes in MAP. One asterisk, p < 0.05; two asterisks, 
p< 0.01; three asterisks, p < 0.005; all comparisons are with 
pregnant values. 


lieved to be the intracellular mediator of endothelium- 
dependent vasorelaxation.’ It remains to be clarified 
whether pregnancy-induced vasodilatation is due 
chiefly to increased elaboration of nitric oxide by the 
vascular endothelium or also to an increase in the ac- 
tivity of the nitric oxide—sensitive guanylate cyclase of 
vascular smooth muscle cells. 

It may be relevant to point out that the loss of re- 
fractoriness to pressor agents is the hallmark of preg- 
nancy-associated hypertension.'* Myatt et al.” have re- 
cently presented evidence that basal release of nitric 
oxide contributes to maintenance of vascular tone in 
placental circulation, whereas blockade of prostaglan- 
din synthesis by meclofenamate had no effect on the 
flow pressure of the placental circulation.” Further, an 
impairment in endothelium-derived relaxing factor re- 
lease has been observed in vitro in vessels of 
spontaneously” and experimentally hypertensive” an- 
imals. In the anesthetized rabbit the blockage of en- 
dothelium-derived relaxing factor production by N- 
monomethyl-L-arginine caused a long-lasting arterial 
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Fig. 5. Pressor responses to vasopressin in pregnant (A, 4) 
and nonpregnant (©, @) rats during saline solution (A) and 
Nw-nitro-L-arginine (B) infusion. Values are mean + SEM 
(n = 6) of changes in MAP. Two asterisks, p < 0.01; three 
asterisks, p< 0.005; all comparisons are with pregnant 
values. 


blood pressure increase, suggesting that a reduction in 
the synthesis of nitric oxide may contribute to the 
pathogenesis of hypertension.” Pinto et al.” recently 
found a significantly lower release of endothelium-de- 
rived relaxing factor by the umbilical arteries and veins 
collected from patients with pregnancy-induced hy- 
pertension compared with tissues from normal subjects, 
supporting the hvpothesis that impaired endothelium- 
derived relaxing factor synthesis may be an important 
factor in the etiology of pregnancy-induced hyper- 
tension. 

Even though the cyclooxygenase inhibitor indometh- 
acin failed to restore the blunted systemic and renal 
responsiveness in instrumented, conscious, late-gravid 
rats, a modulating role for prostacyclin, possibly by 
interacting in synergistic fashion with endothelium-de- 
rived relaxing factor—nitric oxide, as has been dem- 
onstrated with respect to platelet aggregation,” should 
not be ruled out. Ahokas and Sibai*! reported that ad- 
ministration of N-monomethyl-L-arginine to sponta- 
neously hypertensive pregnant rats raised blood pres- 
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Fig. 6. Pressor responses to norepinephrine in pregnant 
(A, A) and nonpregnant (0, ©) rats during saline solution (A) 
and Nw-nitro-L-arginine (B) infusion. Values are mean + 
SEM (n = 6) of changes in MAP. Two asterisks, p < 0.01; three 
asterisks, p< 0.005; all comparisons are with pregnant 
values. x 


sure and blunted pressor responses to angiotensin II; 
these parameters were unaffected by pretreatment with 
indomethacin. However, N-monomethyl-L-arginine 
failed to significantly affect pressor responses to angw- 
tensin II in pregnant normotensive WKY rats. In a 
recent study Umans et al.*? also observed a significant 
increase in MAP of conscious, instrumented rats in re- 
sponse toa single i intravenous bolus of N- monomethvl- 
L-arginine, a less-potent inhibitor of nitric oxide syn- 
thesis. However, these investigatcrs failed to detect the 
blunted pressor responsiveness occurring during ncr- 
mal gestation and failed to detect an increased respon- 
siveness to N-monomethyl-L-arginine in pregnant ver- 
sus virgin rats. The model used in the current study 
offers the advantage of comparing the same groups of 
animals under identical experimental treatments dur- 
ing late gestation and 7 days post partum. This and the 
choice of inhibitors may account for the apparent dis- 
crepancy. | 
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Taken together, the current results and those of 
other investigators” = provide strong suggestive ev- 
idence that endothelium-derived factors play key roles 
in the regulation of blood pressure in the gravid female 
to meet the requirements of the changing internal en- 
vironment of pregnancy. 
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Role: of prostaglandins in the metabolic responses of the fetus 


to hypoxia 


Stuart B. ‘Hooper, PhD, Richard Harding, FBD, Jan Deayton, iiia and 


Geoffrey D. Thorburn; MD 
Clayton, Victoria, Australia 


_ OBJECTIVE: The effect of inhibiting prostaglandin synthesis on the fetal metabolic response to hypoxemia 

was examined by infusing indomethacin during periods of reduced maternal uterine blood flow. 

STUDY DESIGN: In seven fetal sheep we administered a 6-hour infusion of either indomethacin (n = 5), 

- indomethacin plus prostaglandin E,, or a vehicle solution (n = 5). The last 4 hours of each infusion period 

coincided/with a period of fetal hypoxemia induced by reduced maternal uterine blood flow. 

RESULTS: During reduced maternal uterine blood flow indomethacin infusions caused a significantly 

greater reduction in pH, (reduced from 7.36 + 0.01 to 7.19 + 0.02) than both the vehicle (from | 

7.36 + 0.01 to 7.20 + 0.03) and indomethacin plus prostaglandin E, infusions (from 7.36 + 0.01 to 

7.18 + 0.02). Before reduced maternal uterine blood flow was induced, indomethacin significantly elevated 

‘ fetal plasma glucose ‘and lactate concentrations from 0.6 = 0.04 and 2.2 + 0.1 to 1.3 + 0.2 and 

6.7 + 0.7 mmol/L, respectively. During reduced maternal uterine blood flow indomethacin caused a 
significantly greater increase in plasma glucose and lactate concentrations than the vehicle; plasma 

' glucose and lactate concentrations increased to a maximum of 1.8 + 0.2 and 22.7 + 0.8 mmol/L, 

respectively, during indomethacin infusions compared with 1.1 + 0.1 and 15.7 + 1.7 mmol/L, respectively, 

during vehicle infusions. The addition of prostaglandin E, tp the indomethacin infusion prevented the 

enhanced: increase in glucose and lactate.concentrations during reduced maternal uterine blood flow 

and caused a significant increase in fetal aa insulin concentrations from 12.6 + 0.7 to 60.9 + 


28.1 pU/ml. 


CONCLUSION: The inhibition of prostaglandin saek curing fetal hypoxemia alters the metabolic 
l response of the fetus, leading to a severe metabolic acidosis. (AM J OBSTET GYNECOL 1992;166:1568-75.) 


Key words: Fetus, hypoxia, asphyxia, indomethacin, glucose, lactate, insulin 


Fetal hypoxia is a common cause of fetal morbicity 
and mortality and can result from a number of causes, 
including umbilical cord occlusion, maternal cigarette 
smoking; and reduced uteroplacental circulation. The 
blood gas and pH changes and many of the endocrine, 
biophysical, and cardiovascular responses that occur in 
_ the fetus during acute periods of hypoxemia are not 
sustained if the hypoxemia is prolonged.“ In particular 
' the fetal arterial acidosis; which develops initially after 
reducing maternal uterine blood flow, is corrected after 
12 to 16 hours.** We have suggested that this correction 
in fetal blood pH results from a metabolic adaptation 


ta the hypoxemia‘; our study is directed toward an 


understanding of the mechanisms involved in this zd- 
aptation. vos 
Prostaglandin E, (PGEs) is considered to be an im- 
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portant circulating fetal hormone released by the pla- 
centa.” Fetal plasma PGE, concentrations gradually in- ` 
crease in an exponential-like manner toward term’ and 
can be precociously elevated by fetal hypoxemia,‘ hy- 
poglycemia,”* and hyperthermia.’ In addition, PGE, is 
thought to play an important metabolic role in the fetus 
by regulating insulin release," and PGE, has recently 
been identified as the placental factor that prevents 
catecholamine-mediated brown fat metabolism in the 
fetus."! 

In a previous study we raa that correction of 
fetal arterial acidosis, which occurred during prolonged 
hypoxia, primarily resulted from an increase in the 
uptake and metabolism of glucose and lactate by the 
fetus.* Because we also observed that the increase in 
fetal arterial pH during prolonged hypoxemia closely 
followed the increase in fetal plasma PGE, concentra- 
tions, the aim of the present study was to determine 
the role of PGE, in the fetal metabolic adaptation to 
hypoxemia. In particular we wished to determine the | 
effect of inhibiting prostaglandin release during fetal 
hypoxemia on fetal plasma glucose, lactate, and insulin 
concentrations. We hypothesized that the gradual in- 
crease in circulating PGE, concentrations in the fetus 
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during hypoxemia plays an important metabolic role 
by reducing fetal blood glucose and, hence, lactate con- 
centrations. 


Material and methods 


Animal preparation. Surgery was performed under 
aseptic conditions on seven Border Leicester X Merino 
ewes between 110 and 117 days of gestation (term is 
145 days). Anesthesia was induced with 5% thiopental 
sodium in water (intravenously) and was maintained 
after tracheal intubation with 1.5% halothane (oxy- 
gen/nitrous oxide, 50:50 vol/vol). In all ewes polyvinyl 
catheters (SV116, Dural Plastics, Sydney, Australia) 
were implanted into the maternal jugular vein and 
amniotic cavity. An adjustable clamp’ was placed 
around the maternal common internal iliac artery to 
produce controlled reductions in maternal uterine 
blood flow.'*: "4 

In each fetus polyvinyl catheters (SV65, Dural Plas- 
tics) were implanted into the carotid artery and jugular 
vein. A polyvinyl catheter (SV116) was also implanted 
into the trachea of the fetus to detect fetal breathing 
movements. Antibiotics (2 m] Streptopen intramuscu- 
larly, Glaxovet, Australia) were administered to each 
fetus before the uterine incision was closed. Fetal cath- 
eters and the control cable for the vascular clamp were 
exteriorized through an incision in the right flank of 
the ewe. The ewes were allowed to recover for at least 
5 days after surgery before experimentation. 

Experimental protocol. Three separate 8-hour ex- 
periments were performed, each consisting of a 6-hour 
infusion period and a 2-hour recovery period. The last 
4 hours of the 6-hour intravenous infusion corre- 
sponded to a period of moderate fetal asphyxia induced 
by reducing maternal uterine blood flow.“ The three 
experiments differed by the type of infusion admin- 
istered to the fetus: (a) a vehicle solution, (b) indo- 
methacin (17 gm/min), or (c) indomethacin (17 
gm/min) plus PGE, (2 gm/min). Fetal arterial blood 
samples were collected before the infusion (— 2 hours), 
immediately before the period of reduced maternal 
uterine blood flow (0 hours), and at 0.5, 1, 2, 4, and 6 
hours after the onset of reduced maternal uterine blood 
flow for the measurement of PaOy, Paco», pHa, fetal 
arterial blood oxygen saturation (SaO), and glucose 
and lactate concentrations. Fetal arterial blood samples 
were also collected for the measurement of insulin 
concentrations at —2, 0, 2, and 4 hours. Fetuses 
were allowed to recover for <5 days between experi- 
ments. 

Fetal Pao», Paco, and pH, were measured with a 
blood gas and acid base analyzer (ABL30, Radicmeter, 
Denmark); fetal Sao, was measured with a hemox- 
imeter (OSM2, Radiometer). Fetal arterial pressure and 
heart rate were recorded continuously on a polygraph 
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(7D, Grass) throughout each experiment. Arterial pres- 
sures were recorded after subtraction of amniotic fluid 
pressure. These experiments adhere to the Monash 
University guidelines on the care and use of experi- 
mental animals. 

Insulin assay. Fetal plasma insulin concentrations 
were measured with a human insulin radioimmuno- 
assay kit (code IM.78, Amersham, United Kingdom) 
modified for ovine fetal plasma. The antisera to human 
insulin, human insulin standards (range 0 to 320 
U/ml), iodine 125—labeled insulin, and assay buffers 
were provided with the kit. The manufacturer’s pro- 
tocol was used except for the following modifications: 
to increase the sensitivity of the assay, the concentration 
of antisera and '*J-labeled insulin was one quarter and 
one half, respectively, of the concentration recom- 
mended; the assay was incubated overnight at 4° C, and 
bound and free insulin was separated with poly- 
ethylene glycol 6000 (10%; 0.03% sodium azide). All 
assay tubes were centrifuged at 2500 rpm for 20 min- 
utes at 4° C (Beckman J6B) before the supernatant was 
aspirated off. The radioactivity remaining in the pellet 
was quantified using a gamma counter (Crystal 5400, 
Packard, USA). The intraassay coefficient of variation 
was 11.1% (n = 16) at an insulin concentration of 
72.8 + 2.0 U/ml of fetal plasma. No significant de- 
viation from parallelism (p > 0.1) was found between 
a standard curve in buffer, a standard curve in plasma, 
and different volumes of a single plasma sample. A 
significant (p < 0.005) correlation was found between 
the amount of insulin added to plasma and the amount 
measured by the assay (y = 0.98x + 0.58, r = 0.998). 

Plasma PGE, glucose and lactate concentrations. Fe- 
tal plasma PGE, concentrations were measured by ra- 
dioimmunoassay with antisera and procedures previ- 
ously described.’ Fetal plasma glucose concentrations 
were measured enzymatically by a previously described 
method.** Fetal plasma lactate concentrations were also 
measured enzymatically with a glucose-lactate analyzer 
(2300GL, Yellow Springs Instruments). 

Statistical analysis. The results are presented as 
mean + SEM. Data on fetal blood gases and pH, and 
fetal plasma, PGE,, glucose, lactate, and insulin con- 
centrations (after log transformation) were analyzed by 
a three-way analysis of variance with treatment (type 
of infusion), time, and animals as factors. All three 
experiments were completed in only four of the seven 
animals studied. Analyses of variance were performed 
only with these four fetuses. If a significant effect of 
treatment was found between any of the treatments, 
the significant treatment was analyzed separately by a 
two-way analysis of variance with animals and time as 
factors. This analysis was followed by a Student—New- 
man-Keuls multiple-range test for differences between 
time periods. Differences between treatments for a 
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Fig. 1. Fetal plasma PGE, concentrations =xpressed as a percentage of preinfusion control values 
during either a 6-hour vehicle (open circles', indomethacin (solid circles), or indomethacin plus PGE, 
(triangles) infusion. The period of reduced maternal uterine blood flow (hatched bar) coincided with 


the last 4 hours of the 6-hour infusions (oben bar). 


given time period were analyzed by a nonpaired Stu- 
dent’s t test. Unless otherwise stated, the level of sig- 
nificance reported in the text is p < 0.05. 


Results 


Fate of fetuses. All fetuses survived to or near term 
(140.1 + 0.8 days), at which time the ewes and fetuses 
were killed by an overdose of pentobarbital sodium All 
fetuses were classified as being healthy at the start of 
each experiment as judged by their blood gas and acid- 
base status. 

Fetal plasma PGE, concentrations. The vehicle in- 
fusien alone did not significantly affect fetal plasma 
PGE, concentrations, whereas inducing reduced ma- 
ternal uterine blood flow during the vehicle infusion 
caused an increase in PGE, concentrations from a mean 
control value of 4.3 + 1.1 nmol/L to a maximum of 
5.8 + 1.0 nmol/L after 4 hours of reduced maternal 
uterine blood flow (Fig. 1). The infusion of indometh- 
acin caused a significant reduction in fetal plasma FGE, 
concentrations from a mean control value of 5.7 + 1.7 
nmol/L to below the sensitivity of the assay (in all except 
one experiment) 2 hours after starting the infusion. 
The addition of PGE, to the indomethacin infusion 
maintained fetal plasma PGE, concentrations at prein- 
fusion levels; PGE, concentrations were similar before 
the start of the infusion (4.2 + 1.4 nmol/L) compared 
with 6 hours after the start of the infusion (5.] + 1.6 
nmol/L). Two hours after the completion of the in- 
domethacin plus PGE, infusion fetal plasma PGE, con- 
centrations had significantly decreased to 1.2 + 1.0 
nmol/L. 


Blood gas and pH measurements. No effect of in- 
fusion type was found on the changes in fetal Saos, 
PaO. and Paco, in response to reduced maternal uter- 
ine blood flow, indicating that the level of hypoxemia 
was similar in all three groups (Fig. 2). During the 
vehicle infusion reduced maternal uterine blood flow 
significantly decreased fetal Pao, and Sao, from control 
values of 23.5 + 0.2 mm Hg and 57.3% + 3.0% to 
14.7 + 1.1 mm Hg and 23.9% + 1.8%, respectively, 
after 1 hour. Similar decreases were observed during 
the other two infusions. In contrast, a significant effect 
of infusion type was found on the changes in pH, in 
response to reduced maternal uterine blood flow. Be- 
fore reduced maternal uterine blood flow was induced 
the indomethacin and indomethacin plus PGE, infu- 
sions, but not vehicle infusions, caused a significant 
reduction in pH, compared with respective preinfusion 
contro] values (Fig. 2), During vehicle infusions re- 
duced maternal uterine blood fow caused a significant 
reduction in pH, from a control value of 7.36 + 0.01 
toa minimum of 7.20 + 0.03 after 2 hours. Compared’ 
with vehicle infusions indomethacin infusions resulted 
in a lower pH, at I, 2, and 4 hours after inducing 
reduced maternal uterine blood flow (Fig. 2}; fetal pH, 
decreased from a mean control value of 7.36 + 0.01 
to a minimum of 7.10 + 0.02 after 2 hours of reduced 
maternal uterine blood flow. The addition of PGE, to 
the indomethacin infusion reversed the effects of in- 
demethacin alone during reduced maternal uterine 
blood flow (Fig. 2). During the indomethacin plus 
PGE, infusions, fetal pH, decreased from a control 
value of 7.36 + 0.01 to a minimum of 7.18 + 0.02 at 
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Fig. 2. Sad, (A), PaO, (B), Paco, (C), and pH, (D) measured during either a 6-hour vehicle (open 
circles), indomethacin (solid circles), or indomethacin plus PGE, (triangles) infusion. The period of 
reduced maternal uterine blood flow (hatched bar) coincided with the last 4 hours of the 6-hour 


infusions (open bar). 


4 hours after inducing reduced maternal uterine blood 
flow. 

Fetal plasma glucose concentrations. A significant 
effect of infusion type was found on the changes in 
fetal plasma glucose concentrations. During vehicle in- 
fusions reduced maternal uterine blood flow caused a 
significant elevation in fetal plasma glucose concentra- 
tions from a preinzusion control value of 0.60 + 0.09 
mmol/L to a maximum of 1.1 + 0.1 mmol/L after 30 
minutes of reduced maternal uterine blood flow. Fetal 
plasma glucose concentrations remained elevated for 
the duration of the experiment (Fig. 3, A). Before re- 
duced maternal uterine blood flow was induced, both 
the indomethacin and indomethacin plus PGE, infu- 
sions, but not vehicle infusion, caused a significant in- 
crease in fetal plasma glucose concentrations. During 
indomethacin infusions, glucose concentrations in- 
creased from a mean control value of 0.6 + 0.04 to 
1.3 + 0.2 mmol/L (Fig. 3, A). Inducing reduced ma- 
ternal uterine blood flow during the indomethacin in- 
fusion caused a further significant increase in fetal 
plasma glucose concentrations to a maximum of 
1.8 + 0.2 mmol/L after 1 hour of reduced, maternal 
uterine blood flow. The addition of PGE, to the indo- 
methacin infusion prevented the additional increase in 


glucose concentrations that occurred during reduced 
maternal uterine blood flow (Fig. 3, A). 

Fetal plasma lactate concentrations. The three types 
of infusion had significantly different effects on fetal 
plasma lactate concentrations (Fig. 3, B). During vehicle 
infusions, fetal plasma lactate concentrations were sig- 
nificantly elevated by reduced maternal uterine blood 
flow from a control value of 2.4 + 0.2 mmol/L to a 
maximum of 15.7 + 1.7 mmol/L after 4 hours. The 
infusion of indomethacin before the induction of re- 
duced maternal uterine blood flow caused a significant 


elevation in fetal plasma lactate concentrations from a 


preinfusion control value of 2.2 + 0.1 to 6.7 + 0.7 
mmol/L. The induction of reduced maternal uterine 
blood flow during the indomethacin infusion caused a 
further significant elevation in fetal plasma lactate con- 
centrations to a maximum of 22.7 + 0.8 mmol/L after 
4 hours of reduced maternal uterine blood flow. The 
addition of PGE, to the indomethacin infusion pre- 
vented the indomethacin-induced increase in fetal 
plasma lactate concentrations during normoxia and re- 
duced the increase in lactate concentrations observed 
during an indomethacin infusion in the presence of 
reduced maternal uterine blood flow. The increases in 
fetal plasma lactate concentrations during reduced ma- 
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Fig. 3. Fetal plasma glucose (A) and lactate (B) concentrations 
measured during either a 6-hour vehicle (open circles), indo- 
methacin (sold circles), or indomethacin plus PGE, (triangles) 
infusion. The period of reduced maternal uterine blood flow 
(hatched bar) coincided with the last 4 hours of the 6-hour 
infusions (open bar). 
ternal uterine blood flow were similar during vehicle 
-infusions and indomethacin plus PGE, infusions. ` 
Fetal plasma insulin concentrations. The three types 
of infusion had significantly different effects on the 
_ concentration of insulin in fetal plasma. The infusion 
of indomethacin alone had no significant effect on fetal 
plasma insulin concentrations during normoxia. Dar- 
ing vehicle infusions, reduced maternal uterine blcod 
flow caused a small reduction in fetal plasma insulin- 
concentrations from a control value of 9.5 + 9.7 
U/ml toa minimum of 5.9 + 0.3 U/ml after 4 hours 
of reduced maternal uterine blood flow (Fig. 4). Sim- 
ilarly, inducing reduced niaternal uterine blood flow 
during indomethacin infusions caused a decrease in 
fetal plasma insulin concentrations from a control value 
of 14.7 + 2.2 to a minimum of 6.5 + 0.3 wU/ml after 
2 hours of reduced maternal uterine blood flow. The 
addition of PGE, to the indomethacin infusion. caused 
a large increase in fetal plasma insulin concentrations 
_ during normoxia from a preirifusion control value of 
12.6 + 0.7 to 60.9 + 28.1 U/ml after 2 hours. In the 
subsequent reduced maternal uterine blood flow 
_period fetal plasma insulin concentrations decreased to 
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a minimum value of 19.6 + 5.2 U/ml after 4 hours 


(Fig. 4). 


Comment 


In this study we have obtained evidence to support 
the contention that increased placental PGE, produc- 
tion plays an important role in the metabolic adaptation 
of the fetus to prolonged hypoxia. We have demon- 
strated that the inhibition of prostaglandin synthesis 
enhances the increase in fetal plasma glucose and lac- ` 
tate concentrations that occur during reduced maternal 
uterine blood flow. The enhanced increase in plasma 
lactate concentrations undoubtedly contributes to the 
severe reduction in fetal pHa, which, if sustained, causes 
fetal death (Hooper SB, Harding R, Thorburn GD. 
Unpublished observations). The addition of PGE, to 


the indomethacin infusion, however, prevented this 


augmented fetal acidemia, hyperglycemia, and hyper- 
lactemia during reduced maternal uterine blood flow 
and stimulated a large increase in fetal plasma insulin 
concentrations. 

During vehicle infusions PGE, concentrations were 
significantly elevated after 4 hours of reduced maternal 
uterine blood flow, which supports our earlier obser- 
vation.” The infusion of indomethacin, a potent inhib- 
itor of prostaglandin synthesis,'* rapidly decreased fetal 
plasma PGE, concentrations; they remained low during 
the subsequent reduced maternal uterine blood flow 
period. The addition of PGE, to the indomethacin in- 
fusion maintained circulating fetal plasma PGE, con- 
centrations at preinfusion levels for the duration of the 
infusion (Fig. 1). However, it is unlikely that the dose 
of PGE, administered was sufficient to sustain the nor- 
mal delivery of PGE, to some tissues (e.g., liver) and, 
more importantly, to increase the delivery to a level 
that would occur during reduced maternal uterine 
blood flow.* The major source of circulating PGE, in 
the fetus is the placenta,” and umbilical vein PGE, 
concentrations are-much higher than the concentra- 
tions circulating in the fetus.’ Because 75% of the blood 
supply to the fetal liver is derived from the umbilical 
vein,” the fetal liver is therefore normally exposed to 
higher concentrations of PGE, than the concentrations 
that circulate in fetal blood. This could explain why 
PGE, did not reverse all of the effects of insulin ad- 
ministration. : 

The infusion of indomethacin during reduced ma- 
ternal uterine blood flow caused a much greater re- 
duction in pH, than when the vehicle was infused. Dur- 
ing reduced maternal uterine blood flow the reduction 
in pH, most probably results from the elevation in 
Paco; (respiratory acidosis), the elevation in blood lac- 
tate, and possibly fatty acid concentrations (metabolic 
acidosis), although these were not measured. ‘The 
greater reduction in pH, during reduced maternal 
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Fig. 4. Fetal plasma insulin concentrations plotted on a log scale, measured during either a 6-hour 
vehicle (open circles), indomethacin (sold circles), or indomethacin plus PGE, (triangles) infusion. The 
period of reduced maternal uterine blood flow (hatched bar) coincided. with the last 4 hours of the 


6-hour infusions (open bar). 


uterine blood flow in indomethacin compared with ve- 


hicle infusions must have been metabolic in origin be- : 


cause the elevation in Paco, was similar in both exper- 


iments, whereas blood lactate concentrations were . 


greater with indomethacin. The addition of PGE, to 
the indomethacin infusion prevented this enhanced ac- 


idosis, presumably by preventing the increase in lactate’ 
concentrations; however, it is also possible that PGE, 
reduced fatty acid concentrations by decreasing lipol- . - 


ysis in adipose tissue.’ If reduced maternal uterine 
blood flow and the indomethacin infusions were con- 


tinued for a longer period of time (>6 hours), these - 
fetuses would probably have died. In two preliminary | 


experiments we considered it appropriate to in- 
duce reduced maternal uterine blood flow during an 
indomethacin infusion for at least 12 hours because 
PGE, increases relatively slowly during reduced mater- 
nal uterine blood flow and is significant only after 4 
hours.’ In these preliminary experiments both fetuses 
became severely acidotic (pH 6.9 to 7.0) and died be- 
tween 6 and 8 hours after inducing reduced maternal 
uterine blood flow (Hooper, Harding, and Thorburn, 
unpublished observations). This observation and those 
presented in our study clearly demonstrate the-detri- 
mental effects that indomethacin has on a hypoxemic 
fetus. Furthermore, these effects could explain the un- 
accounted fetal deaths that have occurred in utero after 
the administration of indomethacin to prevent pre; 
mature labor in human beings." 

The control of blood glucose concentrations in the. 
fetus is primarily dependent upon maternal blood glu- 
cose concentrations, insulin production by the fetal 


pancreas, fetal glucose use, and glucose production or 
storage by the liver.” Gluconeogenesis is a very impor- 
tant source of blood glucose in adult ruminants,” but 
although the fetal sheep liver has all the necessary en- 
zymes it is believed that this metabolic pathway does 
not operate until after birth. ** It is not known, how- 
ever, whether this pathway can be activated during fetal 
hypoxemia. The finding in this study that an indo- 
methacin infusion during normoxia causes an elevation 
in fetal plasma glucose concentrations has been re- 
ported previously.* The mechanism underlying this 
increase is not known although it probably results from 
an increase in glucose release from the liver because 


‘insulin concentrations were not altered by indo- 


methacin. 

PGE, failed to reverse the effect of indomethacin on 
fetal blood glucose concentrations during normoxia, 
which could mean that (1) the dose of PGE, adminis- 
tered was insufficient to increase PGE, concentrations 
in the umbilical vein to normal levels, (2) PGE, is the 


-wrong prostaglandin, or (3) the failure was due to 


a side effect of indomethacin unrelated to prostaglan- 
din synthesis. One known side effect of indomethacin 
is the inhibition of phosphodiesterase activity, although 
this only occurs at much higher doses than that used 
in our study.” Inhibition of phosphodiesterase activity 
would cause a sustained elevation in intracellular cyclic 
adenosine monophosphate (cAMP) concentrations by 
preventing the breakdown of cAMP. As discussed be- 
low, an increase in intracellular cAMP concentrations 
in liver tissue would decrease glycolysis and promote 
gluconeogenesis and glucose release. Other known 
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side effects of indomethacin are oligohydramnios,~ *’ 
possibly caused by reduced fetal urine production. a 
reduction in cerebral blood flow in fetal sheep,” and 
an increase in vascular tone of the ductus arteriosus.” 

Fetal plasma catecholamine concentrations are ele- 
vated by fetal hypoxia whether it is induced by maternal 
hypoxia” or reduced maternal uterine blood flow.* The 
increase in fetal plasma catechclamine concentration 
is believed to be responsible for the increase in gluccse 
concentration during fetal hypoxemia.” Catechol- 
amines promote an increase in glucose release by the 
liver, which is mediated by B-adrenergic receptors and 
an increase in cAMP levels.” Catecholamines also in- 
hibit insulin release from the pancreas, an action me- 
diated by a-adrenergic receptors and a decrease in 
cAMP levels. The increases in fetal plasma gluccse 
concentrations we observed during reduced materr.al 
uterine blood flow (vehicle infusion) are similar to these 
reported previously during fetal hypoxia caused by ma- 
ternal hypoxia.” The infusion oz indomethacin, how- 
ever, caused a greater increase in fetal blood glucase 
concentrations after the induction of reduced materral 
uterine blood flow. The mechanism, by which indo- 
methacin enhances this increase in fetal blood glucose 
during reduced maternal uterine blood flow is not 
known. It is highly likely, however, to be mediated by 
an inhibition of PGE, synthesis because the addition of 
PGE, to the indomethacin infusion prevented this in- 
crease. We suggest that PGE, may antagonize some of 
the biochemical actions of the catecholamines in ute7o 
by exerting opposing actions on tissue levels of cyc-ic 
adenosine monophosphate. For example, we speculate 
that PGE, acts on the fetal liver to lower tissue cAMP 
concentrations. Increased cAMP levels in the liver de- 
crease glycolysis and promote an increase in gluco- 
neogenesis and glycogenolysis, leading to increased he- 
patic glucose release. If PGE, acts on the fetal liver as 
it does in adipose tissue," increased PGE, concentra- 
tions would promote a reduction in liver cAMP levels; 
this would enhance glycogen synthesis and glycolysis 
and inhibit glycogenolysis and gluconeogenesis, 
thereby decreasing glucose release. Thus reducing cir- 
culating PGE, concentrations during reduced maternal 
uterine blood flow would, lead to an unopposed acticn 
of the catecholamines on liver cAMP levels, leading to 
increased glucose production. 

The concept that PGE, can oppose the action of cat- 
echolamines in utero is supported by the finding that 
PGE, release from the placenta prevents brown-fat m2- 
tabolism (nonshivering thermogenesis) in the fetus.” 
In newborn lambs brown-fat metabolism is activated by 
adrenergic stimulation and is mediated by B-adrenergic 
receptors, which increase cAMP concentrations.” PGE, 
is known to inhibit lipolysis in adipose tissue by reduz- 
ing cAMP concentrations" and probably has a similar 
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action on brown adipose tissue to prevent nonshivering 
thermogenesis in the fetus." In our study, in which fetal 
PGE, concentrations were reduced by indomethacin 
and sympathoadrenal activity was increased by reduced 
maternal uterine blood flow,’ it seems likely that lipol- 
ysis would have been stimulated and that the release of 
fatty acids would have contributed to the observed ac- 
idosis. 

The action of catecholamines on the ß-islet cells of 
the pancreas to inhibit insulin release is mediated by a- 
adrenergic receptors leading to a reduction in cAMP 
concentrations.” In these experiments PGE, stimulated 
a large increase in insulin concentrations, again dem- 
onstrating an opposing action to the catecholamines. 
We speculate that PGE, acts on membrane-bound ad- 
enylcyclase receptors, resulting in an increase in cAMP 
concentrations and thus insulin release. 

The indomethacin infusion during normoxia caused 
an increase in fetal plasma lactate concentrations, which 
probably resulted from the increase in plasma glucose 
concentrations. The addition of PGE, to the indometh- 
acin infusion prevented this increase in lactate concen- 
trations, probably because of the large increase in 
plasma insulin concentrations and possibly also because 
of the suppression of glycogenolysis. Increased plasma 
insulin concentrations would promote the uptake of 
glucose for oxidative metabolism or storage as glyco- 
gen. During fetal hypoxia the increase in fetal plasma 
glucose concentrations is believed to be largely respon- 
sible for the increase in fetal blood lactate concentra- 
tions because of the anaerobic metabolism of fetal glu- 
cose primarily by the placenta.” Thus the increased 
fetal blood glucose could account for the enhanced in- 
crease in circulating fetal plasma lactate concentrations 
caused by indomethacin during reduced maternal uter- 
ine blood flow. The addition of PGE, prevented this 
effect of indomethacin during reduced maternal uter- 
ine blood flow, probably by elevating insulin concen- 
trations and suppressing glucose production. 

We have demonstrated that during fetal hypoxemia 
indomethacin has profound metabolic effects on the 
fetus; if the hypoxia or infusion is prolonged, the fetus 
is at risk of fatal acidemia. A similar finding has been 
observed after the inhibition of prostaglandin synthesis 
during another form of fetal stress, hyperthermia.’ 
During hyperthermia the infusion of 4-aminoantipy- 
rine, a prostaglandin synthetase inhibitor, caused a 
large increase in fetal plasma glucose concentrations 
and a rapid decrease in fetal pH; 4 of 10 fetuses died 
from this treatment.? We contend, therefore, that an 
elevation in placental prostaglandin synthesis, probably 
PGE., plays an integral role in the fetal metabolic ad- 
aptation to stress, possibly by leading to a gradual 
suppression of the metabolic actions of the catechol- 
amines. 
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Tumor necrosis factor in preterm and term labor 


Roberto Romero, MD,*” Moshe Mazor, MD, Waldo Sepulveda, MD,” Cecilia Avila, MD, 


Diane Copeland, MS, and John Williams, PhD*: 


New Haven, Connecticut, Detroit, Michigan, and Cambzidge, Massachusetts 


OBJECTIVE: Our objective was to determine if labor (term and preterm) and microbial invasion of the 
amniotic cavity were associated with changes in amniotic fluid concentrations of tumor necrosis factor. 
STUDY DESIGN: Amniotic fluid was retrieved by transabdomina!l amniocentesis from 269 women in the 
following groups: midtrimester {n = 38), preterm labor with intact membranes (n = 52), preterm premature 
rupture of membranes (n = 74), term in active labor (n = 34), and term not in labor (n = 21). Fluid was 
cultured for aerobic and anaerobic bacteria and for Mycop.asma species. Tumor necrosis factor was 
measured with a commercially available enzyme-linked immunosorbent assay validated for amniotic fluid 


(sensitivity 60 pg/ml). 


RESULTS: Amniotic fluid from pregnant women in the second and third trimesters who were not in labor 
did not contain tumor necrosis factor Among women in preterm labor, 92.3% (12/13) of patients with a 
positive amniotic fluid culture had de-ectable tumor necrosis factor in the amniotic fluid (median 820 pg/ml, 
range <60 to 2340 pg/ml). In contrast, only 10.2% (4/39) 3f women with a negative amniotic fluid culture 
had detectable tumor necrosis factor. Histopathologic chorisamnionitis was found in ail patients who had a 
ocsitive amniotic fluid culture, and tumor necrosis factor was detectable in the amniotic fluid of all but one 
of these patients. Among women in active labor at term, 2&% (21/84) had detectable tumor necrosis factor 
in the amniotic fluid. Tumor necrosis factor was detected more frequently in the amniotic fluid of patients 
with a positive amniotic fluid culture than in patients with a negative culture (46.6% [7/15] vs 20.2% 
[14/69], p = 0.047). Amniotic fluid concentrations of tumor necrosis factor were significantly higher in 
patients with preterm premature rupture of membranes, labor, and a positive amniotic fluid culture than in 
the other subgroups of patients with preterm premature rupture of membranes. 

CONCLUSION: Parturition in the setting of microbial invasion of the amniotic cavity is associated with 
activation of the cytokine network as demonstrated by the detection of tumor necrosis factor in human 


amniotic fluid. (Am J OBsTET GyNecoL 1992;166:1576-87.} 


Key words: Labor, parturition, amniotic fluid, tumor necrosis factor, prematurity, preterm 


labor, term labor, immunoassay, cytokine 


There is a strong association between systemic and 
intrauterine infection and preterm labor and delivery.’ 
A growing body of evidence suzgests that cytokines, 
which are capable of stimulating prostaglandin pro- 
duction by intrauterine tissues, may serve as mediatcrs 
of parturition in the setting of w-fection.?* Tumor ne- 
crosis factor (TNF) is a cytokine produced by activated 
macrophages in response to a wide variety of stimuli, 
including bacterial products, viruses, and parasites. It 
has been proposed that this cytokine may participate 
in the mechanisms of human parturition associated 
with infection.* TNF is produced by human decidua in 
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response to bacterial products®*’ and stimulates pros- 
taglandin production by amnion‘ and decidua.° 

Previously, we have identified the presence of TNF 
in the amniotic fluid of women with microbial invasion 
of the amniotic cavity and preterm labor by means of 
the L929 bioassay.* This bioassay, like others for cyto- 
kines, is time consuming, laborious, semiquantitative, 
and is affected by the presence of inhibitors in biologic 
fluids. Clinical application of TNF determinations to 
obstetric practice requires the availability of sensitive, 
rapid, and simple assays for its detection. Recently, im- 
munoassays for this cytokine have become available. 
The purpose of this study was to validate an immu- 
noassay for the quantitation of TNF in human amniotic 
fluid and to examine the changes in amniotic fluid con- 
centrations of this cytokine in the setting of labor (term 
and preterm) and microbial invasion of the amniotic 
cavity. 


Material and methods 


Study design. A cross-sectional study was conducted 
according to the results of amniotic fluid cultures, ges- 
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tational age, and labor status. Five groups were iden- 


tified for study purposes (Table I). Group ‘1 consisted: 
of women in the midtrimester of pregnancy (gestational . 


age 16 to 18 weeks) who were undergoing amniocen- 
tesis for genetic indications (maternal age >35 years) 
(n = 38), and group 2 consisted of women at term (38 
to 39 weeks) who had amniocentesis for the assessment 
of fetal lung maturity before elective cesarean section 


(n = 21). All these patients had a negative amniotic 


fluid culture. Group 3 consisted of women admitted 
with preterm labor and intact membranes (n = 52); this 


group was subdivided according to the results of am- 


niotic fluid culture and response to tocolysis: women 
with a negative amniotic fluid culture who responded 
to tocolysis and were delivered at term (n = 23), women 
with a negative culture who failed to respond to toco- 
lysis and were delivered of a preterm neonate (n = 16), 
and women with a positive culture who were delivered 
prematurely (n = 13). Group 4 consisted of women 
with preterm premature rupture of membranes 
(n = 74). This group was subdivided according to the 
presence of labor at the time of amniocentesis and the 


results of the amniotic fluid culture: women with a neg- — 


ative culture and without preterm labor (n = 26); 
women with a negative culture but with preterm labor 
(n = 15); women with a positive culture but without 
preterm labor (n = 11), and women with a positive cul- 
ture and preterm labor (n = 22). Group 5 consisted of 
women in spontaneous active labor at term with intact 
membranes (n = 84). This group was subdivided ac- 
cording to the results of amniotic fluid cultures: pa- 
tients with a negative culture (n = 69) and patients with 
a positive culture (n = 15). 


Premature rupture of membranes was defined as am- - 


niorrhexis before the onset of spontaneous labor. Ni- 
trazine, pooling, and ferning tests were performed in 
all women in labor to exclude leakage of amniotic fluid 
into the vagina. Premature rupture of membranes was 
diagnosed if at least two of the three tests were positive. 
Pelvic examinations were not performed at the time of 


amniocentesis, because this could result in an increased _ 


risk of infection.’ Tocolytic agents were not used in 
patients with preterm premature rupture of mem- 
branes. 

Preterm labor was defined as the presence of regular 
uterine contractions with a frequency of at least two 
every 10 minutes and with changes in the cervical Bish- 
op’s score occurring before 37 completed weeks. Rito- 
drine was administered intravenously as the tocolytic 
agent to all patients according to a protocol described 
elsewhere.? Amniocentesis was performed before the 


initiation of therapy. Failure of tocolysis was diagnosed _ 


when cervical dilatation progressed beyond 5 cm.or 
delivery occurred. 


Retrieval of amniotic fluid. Amniotic fluid was re- 
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Table I. Patient population 


Group No. 


Group 1: Midtrimester y 38 

Group 2: Term, no labor i 21 

Group 3: Preterm labor, intact membranes 52 
No infection, no delivery | 23 
No infection, delivery _ 16 
Infection, delivery 13 

' Group 4: Preterm premature rupture of membranes 74 
No infection, no labor 26 
No infection, labor . 15 
Infection, no labor > ù > li 
Infection, labor a 22 

Group 5: Term, active labor 84 
No infection . 69 


Infection 15 


trieved by transabdominal amniocentesis in all women 


- in this study. Amniocentesis is offered in our institution 


to all patients with the diagnosis of preterm labor for 
microbiologic and fetal lung maturity studies. Women 
in active labor at term (group 5) were ascertained by 
searching our obstetric data base. They were identified 
as patients who met the following criteria: (1) amnio- 
centesis performed because of suspected preterm labor 
with intact membranes on the basis of uncertain dates, 
(2) results of amniotic fluid studies (lecithin/sphingo- 
myelin ratio, foam stability test, shake test) consistent 
with fetal lung maturity, (3) delivery within 24 hours 
of amniocentesis, (4) neonatal birth weight >2500 gm, 
(5) pediatric examination (Dubowitz method) consistent 


. with a gestational age >37 weeks, and (6) absence of 
. respiratory distress syndrome or any other neonatal 


complication attributable to preterm birth. The iden- 
tification number of patients fulfilling this criterion was 
cross-referenced with ‘samples stored in our amniotic 
fluid bank.’ 

A sample of amniotic fluid was sent for microbiologic 
studies. The remaining fluid was centrifuged at 200g 
for 10 minutes at 4° C, divided in units of 300 pl per 
vial, and stored in polypropylene tubes at — 70° C until 
assayed. Samples were not subjected to freeze-thaw cy- 
cles before assay. : 

Microbiologic culture technique. Amniotic fluid was 


` transported to the laboratory in a capped plastic syringe 


immediately after collection. These conditions pre- 
cluded air contact with the specimen. Plating occurred 


. within 30 minutes of collection in all cases. Amniotic 


fluid was cultured for aerobic and anaerobic bacteria 


‘and Mycoplasma by methods previously described.’ The 


Gram stain of amniotic fluid was used for patient man- 
agement. Patients with a positive Gram stain received 
antibiotics (generally ampicillin and gentamicin) and 
had tocolysis discontinued. 

Quantitation of TNF. Amniotic fluid TNF was mea- 


"| sured with a commercially available, enzyme-linked im- 


munoassay (ELISA) (FactorTest-Human TNF-a, Gen- 


` 
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Fig. 1. Results of spike and recovery exper.ments. Serial twofold dilutions of recombinant human 
TNF-a were added to assay buffer and pocled amniotic Huid. Final concentrations of pooled fluid 
were 25%, 50%, and 100%. Best recovery of spiked human recombinant TNF-a was obtained when 
final concentration of amniotic fluid was 25%. AF, Amniotic fluid. 


Table II. Parallelism studies in amniotic fluid* 












Observed 
TNF values 
(pg/ml) 


Expected 
TNF values 
(pg/ml) 


Recovery 


Sample dilution (%) 





Experiment | 


1:4 240 240 100 

1:8 110 120 92 

1:16 48 60 80 
Experiment 2 

1:4 240 240 100 

1:8 130 120 108 

1:16 53 60 88 


* Assay was performed as outlined :n Material and Methods. 
Values displayed are the average of cuplicate determinations. 


tRecovery (%) = Observed value/Expected value x 10). 


zyme Corporation, Cambridge, Mass.). The assay is a 
triple-antibodyv sandwich using a monoclonal anti-TNF- 
a antibody as the capture reagent, rabbit polycloral 
anti- TNF-a, biotinylated goat antirabbit immunoglab- 
ulin with streptavidin-peroxidase, and o-phenylenedi- 
amine as the chromogen. The linear range of the assay 
standard curve is 25 to 400 pg/ml of TNF-a in assay 
wash buffer, with a detection limit of 12 pg/ml of 
TNF-a in assay wash buffer. The assay system has no 
detectable cross reactivity with =2 ng/ml of interleukin- 
la, interleukin-18, interleukin-2, interleukin-3, inter- 
leukin-4, interleukin-6, granulocyte-macrophage col- 
ony-stimulating factor, macrophage colony-stimulat- 
ing factor, gamma interferon, and TNF-B (lympho- 
toxin). 







ELISA validation for quantitation of TNF-a in am- 
niotic fluid. Pooled amniotic fluid samples from normal 
individuals (negative bacterial culture) that did not con- 
tain detectable TNF in the L929 bioassay were used for 
the following validation studies: 

l. Spike and recovery. Graded amounts of human 
recombinant TNF-a were added to 25%, 50%, 
and 100% amniotic fluid diluted in assay wash 
buffer (phosphate-buffered saline solution, 
Tween 20, and 0.5% protein). From these data 
it was determined that amniotic fluid should 
be diluted 1:4 to eliminate matrix effects 
(Fig. 1). 

2. Parallelism. An amniotic fluid sample that was 
positive for TNF by previous ELISA assay was 
diluted 1:4 with wash buffer, then further diluted 
in wash buffer. Parallelism was determined by cal- 
culating the observed versus expected TNF con- 
centrations (Table II). 

3. The minimal detectable concentration of TNF-a 
was determined to be 60 pg/ml in amniotic fluid 
when diluted 25% with wash buffer. This value 
was defined as the amount of TNF-a that pro- 
vided absorbance values that were 2 SDs above 
the mean absorbance of 10 replicate determina- 
tions of the diluent alone. 

4. The coefficient of variation for intraassay preci- 
sion was determined to be =6% by replicate de- 
terminations of six different specimens (serial di- 
lutions from 62 to 1000 pg/ml of TNF-a diluted 
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Fig. 2. Three amniouc fluid samples were assayed by immunoblot. Lanes contain: 7, molecular 
weight marker; 2, amniotic fluid containing 2000 pg/ml TNF-a (determined by ELISA) from a 
patient with intraamniotic infection; 3, normal midtrimester amniotic fluid (no detectable TNF-a 
by ELISA); 4, normal term amniotic fluid (no detectable TNF-a by ELISA); 5, recombinant TNF- 
a. Immunoreactive bands are visible at 17 kd, which is characteristic of TNF-a, in lanes J and 5 in 
blot A. Blot A was reacted with rabbit anti-TNF-a antiserum. In contrast, these bands are not 
detectable in blot B, which was reacted in parallel with normal rabbit serum. 


in 25% amniotic fluid). Ten :eplicates of each 

specimen were tested in a single assay. 

5. The coefficient of variation for interassay preci- 
sion was determined to be =14% by replicate de- 
terminations of six different samples ranging in 
TNF concentration from 25 to 350 pg/ml in three 
individually calibrated assays. 

6. The specific detection of TNF in the ELISA was 
confirmed by substitution of an irrelevant 
matched isotype (Immunoglobulin G1) mono- 
clonal (DMS-1, which binds human interleukin-2 
[Genzyme Corporation]) in place of the capture 
reagent included in the kit. Amniotic fluid with 
TNF signals in the specific ELISA up to 2000 
pg/ml had no detectable TNF when tested in the 
assay that included the irrelevant monoclonal. 

Immunoblot and bioassay confirmation of TNF-a 
presence in amniotic fluid. 

Immunoblot. Selected samples of amniotic fluid with 
=2000 pg/ml TNF-a (as determined by ELISA) were 
analyzed by immunoblot (WestTest Human TNF-a, 
Genzyme Corporation). Briefly, amniotic fluid samples 
were diluted 1:1 with an sodium dodecyl sulfate-2- 
mercaptoethanol—containing buffer and applied in du- 
plicate wells to a 15% sodium dodecyl sulfate—poly- 
acryamide gel. After electrophoresis, the samples were 
transferred to nitrocellulose in Tris-glycine buffer, pH 
8.5, containing 20% methanol. The finished blot was 
cut in half vertically. Each half was blotted, then in- 
cubated with either rabbit polyclonal anuhuman TNF- 
a or with preimmune rabbit serum. Both halves were 
then developed with protein G-biotin, streptavidin-per- 
oxidase, and aminoethylcarbonyl chromogen. A 17 kd 


immunoreactive protein (Fig. 2, panel A) was detected 
when assayed with the relevant rabbit anti-TNF anti- 
body. In contrast. this 17 kd protein was not detected 
when parallel samples were incubated with preimmune 
rabbit serum instead of the relevant primary anti-TNF 
antisera (Fig. 2, panel B). 

L929 cell bioassay. The cytostatic activity of TNF-a was 
measured on mouse L929 fibroblasts’ with the vital 
stain 3-[4,5-dimethylthiazol-2-yl]-3,5-diphenyltetrazo- 
lium bromide (MTT) (Sigma Chemical Co., St. Louis). 
Briefly 5 xX 10* L929 cells obtained from log phase cul- 
ture were added to each well of a 96-well microtiter 
plate, and cultured overnight at 37° C in a 5% carbon 
dioxide incubator. Subsequently, culture medium was 
removed and replaced with graded concentrations of 
recombinant human TNF-a (Genzyme H-TNF) (spe- 
cific activity 107 U/mg) in complete medium, patient 
samples (after 1:4 dilution in complete medium and 
passage through a 0.2 um sterile filter), or complete 
medium as a negative control. All additions contained 
l pg/ml actinomycin D (Sigma). Cultures were then 
incubated at 37° C in 5% carbon dioxide for 16 hours. 

After the second incubation, 100 pl of culture me- 
dium was removed from each well, and 20 ul of MTT 
(5 mg/ml in sterile phosphate-buffered saline solution) 
(Sigma) was added. Cultures were incubated for an 
additional 4 hours at 37° C in 5% carbon dioxide, and 
then 120 wl of 0.4N hydrochloric acid in 2-propanol 
was added to each well. Cells were resuspended to dis- 
solve MTT crystals and resultant absorbance was read 
at 595 nm. Bioactivity expressed by patient samples was 
quantified by comparison with the standard curve gen- 
erated with recombinant human TNF-a. | 
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Fig. 3. Amniotic fluid TNF in women with preterm labor and intact membranes. TNF was detected 
more frequently in women with positive amniotic fluid culture than in women with negative culture 
in the other two groups (p < 0.01, Fisher’s exact test). AF, Amniotic fluid. 


Neutralization of TNF-a bioactivity. Specificity of 
cytotoxicity was confirmed with neutralizing anti-TNF 
antibody (IP-300, Genzyme Corporation). Selected pa- 
tient samples were preincubated at 37° C with a 1:100 
dilution of rabbit antihuman TNF-a antisera, whereas 
parallel control samples received a 1:100 dilution of 
normal rabbit serum. Antibody-sample mixtures were 
then applied to an L929 bioassay, and TNF bioactivity 
was determined as described. `, 

L929 cell bioassay indicated the presence of 925 
pg/ml of TNF-a bioactivity (as determined from the 
bioassay standard curve) in a sample that contained 865 
pg/ml of TNF-a as determined in ELISA. The bioac- 
tivity in this sample was totally neutralized by pretreat- 
ment with a 1:100 dilution of rabbit anti-TNF-a neu- 
tralizing antibody (code IP-300, Genzyme Corpora- 
tion). Also, both amniotic fluid samples for which TNF 
was undetectable in the ELISA failed to show the 17 
kd band on Western blot and contained insignificant 
levels of cytotoxicity in the L929 bioassay. 

Statistical analysis. Comparisons between propor- 


tions were performed with either a x’ or Fisher’s exact 
test. An unpaired Student é test was used to compare 
continuous variables that were normally distributed 
(gestational age, maternal age). A Wilks-Shapiro test 
was used to test the hypothesis that amniotic fluid TNF 
concentrations were normally distributed. A Kruskal- 
Wallis analysis of variance was used to compare amni- 
otic fuid TNF concentrations among study groups. 
Dunn’s test was used for multiple post hoc comparisons 
(True Epistat, Epistat Services, Richardson, Tex.). 


Results 


Amniotic fluid from women in the midtrimester of 
pregnancy and women at term who were not in labor 
did not contain detectable TNF. Fig. 3 displays amniotic 
fluid concentrations of TNF in women in preterm labor 
with intact membranes. TNF was detected in 92.3% 
(12/13) of patients with a positive amniotic Auid culture 
for microorganisms (median 820 pg/ml, range <60 to 
2340 pg/ml). Only three of 16 (18.7%) women in pre- 
term labor who had negative amniotic fluid cultures for 
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Table III. Amniotic fluid microbiologic and placental pathologic studies and amniotic fluid TNF 
concentration in women with positive amniotic fluid cultures and ieee labor 





1. Ureaplasma urealyticum <60 
2 32 = Streptococcus agalactiae ) NA 2040 
3 30 F Gardnerella vaginalis > 10° NA 2340 
4 26 t Capnocytophaga sp. A. ae + 820 
Clostridium sp. i: “ae 
5 22 + Gardnerella vaginalis >10° + 600 
6 24 = Streptococcus viridans = F 100 
T 25 + Candida sp. >10 + 1540 
8 33 F Fusobacterium sp. = +t 240 
9 28.5 + Fusobacterium sp. > 10° NA 1320 
Mycoplasma hominis a 
Ureaplasma urealyticum = 
19 28 Gardnerella vaginalis >10° + 1950 
11 28 Ureaplasma urealyticum = NA 460 
12 26 a Fusobacterium sp. s NA 1210 
13 24 + Streptococcus agalactiae >10° + 820 


Ureaplasma urealyticum = 


NA, Not available. 


microorganisms and premature delivery had detectable 
TNF in amniotic fluid. Of these patients, one had a 
positive amniotic fluid Gram stain for microorganisms. 
The second patient had a negative Gram stain but an 
amniotic fluid white blood cell count of 3920/mm* with 
80% granulocytes and severe histologic chorioamnion- 
itis. There was no statistical difference in the interval 
between amniocentesis and delivery in patients with 
positive and negative amniotic fluid cultures in this 
group (median 6.75 hours, range 0.7 to 20 hours vs 
median 10 hours, range 1.5 to 21 hours, respectively; 
p > 0.05, Mann-Whitney U test). In the remaining 
group (negative amniotic fluid culture and delivery at 
term), only one patient of 23 (4.3%) had detectable 
TNF (100 pg/ml). | 

Table III displays the results of microbiologic anal- 
ysis, Gram stain of amniotic fluid, histopathologic ex- 
amination of the placenta, and amniotic fluid TNF con- 
centrations of the 13 patients with a positive amniotic 
fluid culture. Gram stain of amniotic fluid was positive 
in only 61.5% (8/13) of patients. The most common 
microbial isolates were Ureaplasma urealyticum (n = 4), 
Fusobacterium sp. (n = 3), and Gardnerella vaginalis 
(n = 3). Polymicrobial invasion was’ present in 23% 
(3/13) of patients. None of the mothers had clinical 
chorioamnionitis. One newborn delivered at 26 weeks 
(birth weight 810 gm) had bacterial meningitis (patient 
4 in Table III). Histopathologic chorioamnionitis 
was detectable in all patients who had positive amniotic 
fluid cultures and who had placental examination 
(n = 8). All these patients but one had detectable TNF 
in amniotic fluid. Placental examination was performed 
in six of 16 patients who were delivered of a preterm 
neonate and had a negative amniotic fluid culture. Four 
of these placentas (66.6%) had histologic evidence of 


chorioamnionitis. Only one of these patients had de- 
tectable TNF in amniotic fluid. 

Fig. 4 displays amniotic fluid concentrations of TNF 
in women with preterm premature rupture of mem- 
branes. Women with preterm labor and positive am- 
niotic fluid cultures had significantly higher TNF con- 
centrations (median 249 pg/ml, range <60 to 1980 
pg/ml) than did women in the other groups (p < 0.01). 
TNF was detected overall in 45.4% (15/33) of patients 
with a positive culture and in 2.4% (1/41) of those with 
a negative culture. 

Table IV displays the results of microbiologic anal- 
ysis, Gram stain of amniotic fluid, and amniotic fluid 
TNF concentrations of the 22 patients with preterm 
premature rupture of membranes, labor, and positive 
amniotic fluid culture. Table V displays similar data 
from 11 women with preterm premature rupture of 
membranes and positive amniotic fluid cultures who 
were not in labor. No significant difference in the pro- 
portion of women with microbial invasion exclusively 
caused by Mycoplasma, with gram-negative microorgan- 
isms or with polymicrobial infections, could be detected 
between the two groups. Gram stain was positive in 
33.3% (11/33) of patients. Clinical chorioamnionitis 
was present in three patients and histologic chorioam- 
nionitis in 16 of 20 patients in whom placental exam- 
ination was performed. There were no cases of neo- 
natal sepsis in this group. 

Fig. 5 displays amniotic fluid concentrations of TNF 
in women at term. Overall, 25% (21/84) of women in 
active labor had detectable amniotic fluid TNF. Am- 
niotic fluid TNF was detected more frequently in pa- 
tients with a positive culture than in those with a neg- 
ative culture (46.6% [7/15] vs 20.2% [14/69], respec- 
tively; p = 0.047, Fisher’s exact test). Among women 
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Fig. 4, Amniotic Huid TNF in women with preterm premature rupture of membranes. TNF was 
detected more frequently in women with positive amniotic fluid culture and preterm labor than in 
women in the other groups (p < 0.001). AF, Amniotic fluid. 


in labor with detectable amniotic fuid TNF, those with 
a positive culture had a significantly higher median 
TNF than those with a negative culture (median 200 
pg/ml, range 95 to 815 pg/ml vs median 105 pg/ml, 
‘ange 60 to 660 pg/ml, respectively; p = 0.03, Marn- 
Whitney U test). Also, TNF was detected more fre- 
quently in women in labor than in women not in lator 
(25% [21/84] vs 0% [0/21], respectively; p = 0.0063, 
Fisher’s exact test). 

The most common microorganisms isolated at term 
were U. urealyticum (n = 11, 73.3%) followed by Lac- 
tobacillus sp. (n = 2, 13.3%). Polymicrobial invasion of 
the amniotic cavity was present in 20% of patients 
(3/15). There was no difference in cervical dilatation 
in patients with positive and negative amniotic fluid 
cultures (median 2 cm, range 0 to 6 cm vs median 
2 cm, range 0 to 5 cm, respectively; p > 0.05, Marn- 
Whitney U test). Five patients had puerperal enco- 
metritis and only one of them hed detectable amniotic 
fluid TNF. There were no cases of clinical chorioam- 
nionitis or neonatal sepsis in this group. Placenzal 
pathologic studies were not available in these cares 


(probably because most newborns weighed >2800 gm 
and had no immediate neonatal complications). 

Among women with microbial invasion of the am- 
niotic cavity and labor, those in preterm labor had sig- 
nificantly higher amniotic fluid concentrations of TNF 
than those in term labor (median 820 pg/ml, range 
<60 to 2340 pg/ml vs median 47.5 pg/ml, range <60 
to 815 pg/ml; p < 90.0004, Mann-Whitney U test) 
(Fig. 6). 


Comment 


Our data indicate that amniotic Huid from normal 
women does not contain detectable immunoreactive 
TNF. This finding is consistent with previous data gen- 
erated with the use of bioassays for the detection of 
this cytokine.*® In contrast to other cytokines such as 
interleukin-6? and macrophage colony-stimulating 
factor, * TNF is not a normal constituent of amniotic 
fluid. Rather, TNF belongs to another class of cyto- 
kines (e.g., interleukin-la and interleukin-]8), which 
are expressed in amniotic fluid under pathologic 
conditions (e., infection or inflammation) “ or 
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Table IV. Amniotic fluid microbiologic and placental pathologic studies and amniotic fluid TNF 
concentrations in women with premature rupture of membranes and preterm labor 





Patient Gestational age Gram Quaniilative Histologic 
No. (wh) stain Culture microbiology chorioamnionitis 
l 31 + Bacteroides fragilis or + <60 
Capnocytophaga sp. > 10° 
2 32 = Streptococcus viridans >10° + <60 
3 33 = Mixed anaerobic = NA <60 
flora 
Proteus sp. = 
36 = Ureaplasma urealyticum = + <60 
5 24 + Escherichia coli >10° + <60 
Citrobacter sp. > 10° 
6 30 = Ureaplasma urealyticum =- NA <60 
7 31 = Ureaplasma urealyticum me $ <60 
8 34 =e Ureaplasma urealyticum asa + <60 
9 29 + Gardnerella vaginalis >10° ~ <60 
10 34 = Mycoplasma hominis = NA 484 
Ureaplasma urealyticum 3 
11 34 = Streptococcus agalactiae 2000 + 200 
12 29 a Mycoplasma hominis = + 272 
13 29 + Proteus mirabilis = + 540 
14 28 + Gardnella vaginalis ~ + 658 
15 32 = Mixed anaerobic = + 1580 
flora l 
16 30 = Streptococeus agalactiae = = 656 
Ureaplasma urealyticum = 
17 33 = Ureaplasma urealyticum = = 1632 
18 22 = Bacteroides fragilis 5000 NA 226 
19 30 + Gardnella vaginalis = NA 278 
20 35 + Ureaplasma urealyticum _ l + 1204 
Streptococcus viridans >10 
2] 33 + Mycoplasma hominis ~ + 1804 
Ureaplasma urealyticum = 
22 31 + Ureaplasma urealyticum = 1980 


Mixed anaerobic 
flora 


NA, Not available. 


during certain physiologic processes such as par- 
turition.'* 

This study was designed to determine the relation- 
ship between labor and microbial invasion of the am- 
niotic cavity and the presence of TNF in amniotic fluid. 
The data obtained from patients with preterm labor 
(irrespective of membrane status) indicate that preterm 
parturition in the absence of microbial invasion of the 
amniotic cavity is not associated with the presence of 
detectable TNF in the amniotic fluid; only four of 39 
patients intact membranes (Fig. 3) and none of 15 pa- 
tients with premature rupture of membranes (Fig. 4) 
had detectable TNF in the amniotic fluid. Because one 
of these four patients had a positive Gram stain of 
amniotic fluid for microorganisms and another had 
an amniotic fluid white blood cell count of 3920 
cells/mm?’ with 80% neutrophils, the possibility must 
be considered that these patients had microbial invasion 
of the amniotic cavity that escaped microbiologic de- 
tection. 

On the other hand, our data indicate that there is a 
strong association between the presence of TNF in am- 
niotic fluid and microbial invasion of the amniotic cav- 


ity. In each of the three populations studied (preterm 
labor and intact membranes, preterm premature rup- 
ture of membranes, and term labor), TNF was detected 
more frequently in women with a positive amniotic fluid 
culture for microorganisms than in women with a neg- 
ative culture. Also, in the absence of microbial invasion 
of the amniotic cavity, preterm premature rupture of 
membranes was not associated with detectable TNF in 
the amniotic Huid regardless of the labor status at am- 
niocentesis ( Fig. 4). However, the rate of TNF detection 
in the amniotic fluid of women with microbial invasion 
of the amniotic cavity and labor was related to gesta- 
tional age and membrane status. Women with preterm 
labor and intact membranes had a higher rate of de- 
tectable TNF than women with preterm premature 
rupture of membranes in labor or women with labor 
at term (92.3% [12/13], 59% [13/22], and 46.6% 
[7/15], respectively; p < 0.05) (Fig. 6). 

The explanation for these findings is not readily ap- 
parent. We explored the possibility that differences in 
qualitative microbiology might be responsible for these 
observations. However, the proportion of patients with 
polymicrobial invasion of the amniotic cavity, positive 
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Fig. 5. Amniotic fuid TNF in women at term. TNF was detected more frequently in women in 
labor with microbial invasion of amniotic cavity than in women in labor without microbial invasion 
of amniotic cavity (p < 0.05). Also, TNF was detected more frequently in women in labor than in 


women without labor, (p = 0.06). 


Table V. Amniotic fluid microbiologic and placental pathologic studies and amniotic fluid TNF 
ccncentrations in women with preterm premature i of membranes and microbial invasion of the 


amniotic Cavity without preterm labor 





Patient Gestational age Grem Quantitative Histologic TNF 
No. (wk) stain Culture microbiology chorioamnionitis (pg/ml) 

] . Peptostreplococcus <60 

2 34 l = Mycoplasma hominis as <60 
3 32 = Peptostreptlococcus +} + <60 
4 24 = Ureaplasma urealyticum | = + <60 
5 32 ; gei Streptococcus viridans +1 + <60 
6 ` 30.5 = Ureaplasma urealylicum = + <60 
7 35.5 — Ureaplasma urealyticum ~ NA <60 

8 26 soue i Lactobacillus sp. +1 NA <60 

9 20 a Ureaplasma. urealyticum e NA <60 
10 28 +t Fusobacterium sp. 60,000 —* 1163 
ll Bee _ Ureaplasma urealyticum 7 NA 464 


NA, Not available. . ; : 
* Acute deciduitis. ' 


cultures limited to Mycoplasma ` or with gram-negative 
microorganisms was not different among these three 
groups. Although it is- possible tnat the inoculum size 
might be different among groups, we were unable to 
test this hypothesis because the majority of patients did 
not have quantitative microbiologic studies performed. 


An alternative view is that the detection rate of TNF 


‘in amniotic fluid is dependent on the pathway of mi- 


crobial invasion and the time allowed for micrebial-host 
interaction before amniocentesis. 

Although the precise origin of amniotic fluid TNF 
has not been determined, intraamniotic and decidual 
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Fig. 6. Amniotic fluid TNF in women with microbial invasion of the amniotic cavity. TNF was 
detected more commonly in women with preterm labor and intact membranes than in women with 
term labor (p < 0.05). Prom, Premature rupture of membranes. 


macrophages are potential sources. If the main sources 
are macrophages present in the amniotic cavity or fetal 
monocytes, the TNF concentration in amniotic fluid 
will be determined by factors regulating the state of 
monocyte or macrophage activation. Microbial invasion 
of the amniotic cavity of recent onset, low virulence, or 
limited inoculum size may lead to a modest macrophage 
response and TNF secretion into the amniotic fluid. 
This is the likely course of events associated with mi- 
crobial invasion of the amniotic cavity that occurs in 
the context of spontaneous labor at term. In contrast, 
if microbial invasion of the amniotic cavity is of longer 
duration, of high virulence, or due to large inoculum 
size, macrophage activation will be more intense and 
amniotic fluid cytokine (including TNF) concentrations 
will be higher. This is the most likely course of events 
in cases of preterm labor associated with microbial in- 
vasion of the amniotic cavity. Another potential source 
of amniotic fluid TNF is decidual macrophages, which 
constitute approximately 30% of the total cell popu- 
lation of the decidua. However, we have no direct ev- 
idence, at this point, that TNF produced by the decidua 
can cross intact membranes into the amniotic cavity. 
The role of decidual cytokine production in mediat- 
ing parturition in the setting of infection probably var- 
ies with gestational age. In term pregnancy, mild de- 


cidual disruption such as that caused by stripping of 
the membranes or by a localized extraamniotic infection 
(deciduitis) may be sufficient to activate decidual mac- 
rophages to produce cytokines, stimulate myometrial 
contractility, and signal the onset of labor. In contrast, 
the magnitude of the stimuli (pharmacologic, mechan- 
ical, infectious-related) required to elicit parturition in 
early pregnancy seems to be considerably greater. This 
uterine unresponsiveness has probably evolved to pro- 
tect against premature birth. Thus the earlier the ges- 
tation, the less likely that an extraamntotic infection by 
itself will be sufficient to signal parturition. In the ab- 


sence of labor, microorganisms that have gained access 


to the decidua continue to proliferate, cross intact mem- 
branes, and then stimulate resident macrophages and 
other host cells (including fetal cells) to produce cyto- 
kines from within the amniotic cavity. This additional 
set of signals (to those generated during decidual in- 
fection) may then lead to parturition. If they do not, 
microorganisms may gain access to the fetus, activate 
fetal immunocompetent cells to produce cytokines, and 


` elicit the endocrine changes associated with: infection 


and parturition. 

A puzzling finding in our study is that 20% of women 
in active labor at term with a negative amniotic fluid 
culture had detectable TNF in the amniotic fuid. Sev- 
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Fig. 7. Longitudinal observation of amniotic fluid TNF and interleukin-1B concentrations in patient 
in preterm labor with intact membranes end positive amniotic fluid culture. 


eral explanations for this finding may be invoked. First, 
these patients may have had false-negative micrcbio- 
logic studies. If this were the case, however, we would 
have to accept a rate of subclinical colonization of the 
amniotic cavity of 25% in term spontaneous labor. This 
estimate is higher than that reported by the only study 
using amniocentesis for collection of fluid in women in 
term labor.’ An alternative view is that tissue disruftion 
associated with parturition may lead to macrophage 
activation and the secretion of TNF in the amniotic 
cavity. This implies that a state of noninfectious mac- 
rophage activation may exist in some women with term 
spontaneous parturition. We have recently demon- 
strated that spontaneous parturition at term in the ab- 
sence of demonstrable infecticn is associated with an 
elevation of amniotic fluid interleukin-6 levels.'* 7 Be- 
cause interleukin-6 can induce TNF gene expression 
by macrophages, TNF detection in the amniotic cavity 
may be the consequence of aczivation of the cytoxine 
network through a noninfectious mechanism. Further 
studies are required to clarify these issues. In situ hy- 
bridization analysis for cells containing TNF messenger 
ribonucleic acid and immunohistochemical localization 
of TNF protein in tissue secticns are procedures cur- 
rently available to address questions concerning the 
sources of amniotic fluid TNF and the relationship: be- 
tween inflammation, infection, parturition, and “NF 
expression. l 

Because TNF is capable of stimulating prostaglandin 
production by amnion* and decidua,* we have pro- 
posed that this cytokine may participate in the signaling 
process responsible for the initiation of labor in the 
setting of infection.* Observations made in the current 
study of women with preterm premature rupture of 
membranes support this view. Indeed, the detection 


rate of TNF in amniotic fluid was greater in women 
with preterm labor and microbial invasion of the am- 
niotic cavity than in women with microbial invasion but 
without preterm labor. These data indicate that par- 
turition in the setting of infection is temporally asso- 
ciated with the secretion of TNF into the amniotic cavity 
and support the view that the initiation of parturition 
may be viewed as part of the repertoire of host-defense 
mechanisms elicited in response to intrauterine in- 
fection. 

Further clinical support for this hypothesis is derived 
from longitudinal observations made in a patient in 
preterm labor (Fig. 7). This patient, admitted with pre- 
term labor and intact membranes, had a positive am- 
niotic fluid culture for Candida sp. The final episode of 
preterm labor and delivery, which occurred 11 days 
after admission, was preceded by the subsequent de- 
tection of amniotic fluid TNF and its increased con- 
centrations in the amniotic cavity. 

If preterm labor in the setting of infection is me- 
diated by cytokines, including TNF, why then do 40.9% 
of women with preterm premature rupture of mem- 
branes and labor and a positive amniotic fluid culture 
not have detectable TNF? One possibility is that TNF 
is not required in all patients with infection to signal 
the onset of labor. Other members of the cytokine net- 
work, such as interleukin-1, may have a more critical 
role. Further studies in which several cytokines are as- 
saved in the same sample are required to address this 
issue. Another possibility is that microbial invasion of 
the amniotic cavity in these patients occurred during 
the course of labor and that the mechanisms for initi- 
ation of parturition are unrelated to infection and cy- 
tokine. In these instances infection is the consequence 
rather than the cause of labor. 
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Can the assay of amniotic fluid TNF have clinical 
value? Although the current study was not specifically 
designed to address this question, the data from pa- 
tients in preterm labor with intact membranes indicate 
that the detection of TNF in amniotic fluid in this pop- 
ulation had a greater sensitivity than did the Gram stain 
in the diagnosis of microbial invasion of the amniotic 
cavity (sensitivity 92.3% [12/13] vs 61.5% [8/13], 
p = 0.16; specificity 89.7% [35/39] vs 97.4% [38/39], 
p = 0.35). Moreover, the presence of TNF in the am- 
niotic fluid might identify a group of patients at risk 
for preterm delivery in spite of tocolytic treatment. 
Only one of the seven patients (14.2%) with detectable 
TNF and a negative Gram stain of amniotic fluid was 
delivered at term. It should be noted that this perfor- 
mance of amniotic fluid TNF determinations was not 
maintained in women with preterm premature rupture 
of membranes (TNF sensitivity 45.4% [15/33] and 
Gram stain sensitivity 33.3% [11/33], p = 0.2). If this 
observation is confirmed, the utility of TNF determi- 
nations in the diagnosis of microbial invasion of the 
amniotic cavity in patients with preterm premature 
rupture of membranes would be limited. 

The use of cytokine determinations in the diagnosis 
of infection depends on the magnitude of the host re- 
sponse and not merely on the presence of microorgan- 
isms. This apparent limitation, however, could be ex- 
ploited in clinical obstetrics. The combined use of mod- 
ern microbiologic techniques (e.g., polymerase chain 
reaction) and cytokine determinations may idenufy the 
patient in whom microbial invasion is recent enough as 
to not have elicited a host response (i.e., cytokine se- 
cretion). This pattent is likely to be the one who benefits 
the most from antibiotic treatment. Indeed, our data 
indicate that once microbial invasion of the amniotic 
cavity is accompanied by a robust cytokine secretion 
into the amniotic fluid, delivery is inevitable. 
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LETTERS TO THE EDITORS 





Magnesium sulfate is an unfit anticonvulsant , 

in eclampsia 

To the Editors: 1 read with great interest the article of 
Sibai (Sibai BM. Magnesium sulfate is the ideal anti- 


convulsant in preeclampsia-eclampsia. AM J] OBSTET 
GYNECOL 1990; 162:1 141-5). As Sibai pointed out, mag- 


nesium sulfate has been recommended in the treatment. 


of eclampsia; however, comprehensive data regarding. 
its reliance and safety are lacking. I believe that patients 
will not be injured by the. drug if the principles of 
treatment are followed. 

There are multiple actions of magnesium sulfate that. 
may be useful or nonhelpful to the fetus and mother. 
Effects on fetal heart variability and associated low Ap- 
gar scores; respiratory depression, hyporeflexia,. and 
hypocalcemia have been reported in the neonates of 
mothers receiving intravenous magnesium sulfate.. 


These effects were reported in premature infants in’ 


association with fetal growth retardation. Such ccm- 


piications may be present in these infants whether mag-, 


nesium sulfate is or is not used. The perinatal mortality 
rate was reported to be as much as 17.1%! and 45%? 

when magnesium sulfate was used. Our hospital ras 
not used magnesium sulfate, and the perinatal mor- 
tality rate is 2.78% (3/108).? In contrast, the maternal 


mortality rate in other large series of patients with 


eclampsia ranged between 3.3% and 14.4%, and the 
incidence of intracerebral hemorrhage was as high 
as 10.7% (Sibai’s article). Dr. Sibai’s patient was re- 
suscitated and her seizures were controlled with 
magnesium sulfate. In our hospital taking care of pa- 
tients with eclampsia without the use of magnesium. 
sulfate has resulted in a maternal mortality of zero 
(0/106).° 
Parenteral magnesium sulfate is the drug of choice. 
to prevent convulsions in cases of eclampsia, but it is 
not suitable as an anticonvulsant in eclampsia. Mag- 
nesium sulfate controls convulsions of eclampsia but 
seriously endangers the health of both the mother aad 
her fetus. We consider magnesium sulfate to be dan- 
gerous in our hospital; hence, it is not used. 
Jëqing Luan 
Debariment of Obstetrics and Gynecology, Penglai County People’s 
Hespital, Penglai, Shandong, Peopie’s Republic of China - 
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Reply | 
To the Editors: I do appreciate the interest of Dr. Luen 
in the subject of eclampsia and magnesiuni sulfate. Dr. 


Luan cites some statements from my manuscript with- | 


1588 


out indicating the purpose or reason for including 
them, which makes it difficult to respond tc his letter. 
He then cites a perinatal mortality rate of 2.78% in his 
experience with eclampsia as an indication not to use 
magnesium sulfate. He compares it to previous peri- 
natal mortality reported in 1959 (his reference 2) and 
in 1979 (his reference 1). Again, I fail to see the as- 
sociation since he does not explain what is meant by 
perinatal mortality. Did he include patients who had 
stillbirths or neonatal deaths before arrival to the hos- 


‘pital? What are the gestational ages? Did he include 


patients with gestational ages <28 weeks? Currently, 


‘neonatal survival for infants >28 weeks’ gestation is 


almost 100% in Memphis. This has nothing to do with 
magnesium sulfate. In addition, neonatal survival for 


. preterm babies in Memphis is definitely superior to that 


in China. He also mentions maternal mortality without 
use of magnesium sulfate. Again, he does not mention 


the condition of the patient on admission and how 


many were excluded before admission. 
Finally, he concludes that magnesium sulfate is an 


unfit anticonvulsant in eclampsia. It is surprising for 
someone who has never used the drug to make such a 


statement. In addition, he does not report what drug 
he uses. It is ridiculous to make such statements without 


dita to support them. 


Baha M. Sibat, MD 


Division of Maternal-Fetal Medicine, Department of Oostetrics and 


Gynecology, College of Medicine, The University of Tennessee, 


Memphis, 853 Jefferson Ave., Memphis, TN 38103 


`” The issue of animal rights and human rights 


To the. Editors: | agree with much of what Mister Ma- 
harry (Maharry TM. The issue of animal rights and 


human, rights. AM J OBSTET GYNECOL 1991;164:1543- 


8) says about medical research being dependent on an- 
imal experimentation. I support the use of animals in 
appropriately screened experiments. I am also a mem- 
ber of the Physicians Committee for Responsible Med- 


icine, and I believe that there are substantial experi- 


ments going on in this country that use animals. A 
number of these experiments are superfluous or do not 


. particularly further the cause of medical knowledge. I 


believe‘this type of experiment still needs to be weeded 
out. Although some animal activist groups have been 
violent, I believe that in general the cause for protection 
against cruelty to animals has been advanced. We have 
all become more sensitive to the injustices that humans 


‘have dealt the animal world. 


_I cannot deny that violence is not an appropriate 


_response, but as an animal rights advocate I believe 


closer.scrutiny of the use of animals in experimentation 
and closer scrutiny of the usefulness of the experiments 
themselves is an appropriate response. Do not lump all - 


.animal rights activists with the few violent ones. We 


need to take a close look at our respect for the animal 
kingdom. Many species have been destroyed through 
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our carelessness. Perhaps being made more sensitive to 
their plight will benefit humankind in a way more sig- 
nificant than it may seem at face value. Food for the 
hungry is important, but survival of the planet to feed 
all of us is most important. 

Fredericka Heller, MD 
530 Kenhorst Blud., Reading, PA 19611 


Response declined 


Fetal biophysical and umbilical cord gases 


To the Editors: The article by Vintzileos et al. (Vintzileos 
AM, Fleming AD, Scorza WE, et al. relationship be- 
tween fetal biophysical activities and umbilical cord 
blood gas values AM OBSTET GyNECOL 1991;165:707- 
13) is an important contribution to our understanding 
of some aspects of fetal pathophysiology and its detec- 
tion before significant morbidity or fetal death. I have 
some observations about this paper. 

First, the title of Table VI should be Umbilical venous 
blood rather tham Umbilical artery blood. 

Second, the authors did not comment on the influ- 
ence, if any, of the maternal oxygen administration rate 
of 3 L/min on umbilical cord venous and artery Pos. 
In spite of maternal oxygen administration the values 
of umbilical venous and artery Po, with reactive non- 
stress test and fetal breathing movements present ap- 
pear to be low. Would a contraction stress test have been 
more useful in identifying impending fetal-neonatal 
morbidity at a higher value of venous and artery 
Po? 

Third, it is not surprising to note that fetal hyper- 
capnia occurred only when fetal movement and tone 
were absent and was associated with significant fetal 
acidosis and hypoxia. This occurrence is explained by 
the physiologic fact that Co, exchange across placenta 
membranes or alveoli is much more efficient than the 
exchange of oxygen. 

Houchang Modanlou, MD 
2801 Atlantic Ave., P.O. Box 1428, Long Beach, CA 90801-1428 


Reply 
To the Editors: We thank Modanlou for his interest in 
our work. We agree with his first comment that the title 
of Table VI should be umbilical venous blood rather 
than umbilical artery blood. 

In our opinion the relatively low umbilical cord ve- 
nous and artery Po, in spite of maternal oxygen ad- 
ministration of 3 L/min was related to the fact that the 
oxygen administration was of very short duration. This 
time period was from satisfactory epidural analgesia 
(when skin incision was made) until delivery of the in- 
fant. However, the main emphasis of our study was to 
investigate the relationship between the presence or 
absence of the individual fetal biophysical activities and 
umbilical cord blood gas measurements and to compare 
the different levels of pH, Pos, PCO», and bicarbonate 
and base excess at which the individual biophysical ac- 
tivities become compromised. We did not attempt to 
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establish normal umbilical cord venous and artery Po, 
values. Therefore for reasons of comparison the ab- 
solute Po, levels were not important because all patients 
received epidural analgesia and had the same degree 
of maternal oxygenation. We doubt that a contraction 
stress test could be useful in identifying impending fe- 
tal-neonatal morbidity. In general the appearance of 
late decelerations of the fetal heart rate in response to 
uterine contractions may suggest fetal hypoxia caused 
by uteroplacental insufficiency. However, this concept 
is valid only during the intrapartum period because the 
frequency and intensity of the uterine contractions can 
be monitored with internal monitoring techniques. Ex- 
ternal monitoring techniques like those used in the an- 
tepartum contraction stress test, however, are not ca- 
pable of measuring the intensity of the uterine con- 
tractions and therefore the strength of the stimulus to 
the fetus. In our opinion any judgment about the pres- 
ence or absence of fetal hypoxia when the intensity of 
the stress factor (uterine activity) is unknown is not 
reasonable and has no scientific basis. 

We agree with Modanlou’s comment that carbon 
dioxide exchange across placental membranes is much 
more efficient that oxygen exchange. We also believe 
that fetal hypercapnia in the absence of fetal movement 
and tone may also be related to umbilical cord compres- 
sion, as is frequently seen in cases in which oligohy- 
dramnios is associated with intrauterine growth retar- 
dation and compromised biophysical activities. 
Anthony M. Vinizileos, MD, Winston A. Campbell, MD, and 

John F. Rodis, MD 


Division of Maternal-Fetal Medicine, Department of Obstetrics and 
Gynecology, University of Connecticut Health Center, Farmington, 
CT 06032 


Hemolytic disease of the fetus 


To the Editors: Weiner et al. (Weiner CP, Williamson RA, 
Wenstrom KD, et al. Management of fetal hemolytic 
disease by cordocentesis. I. Prediction of fetal anemia. 
AM J OBSTET GYNECOL 1991;165:546-53) report a 
management scheme for hemolytic disease of the fetus 
based on results from cordocentesis. Although the au- 
thors stop short of recommending the abandonment 
of amniocentesis, it is clear that in their unit they have. 
Although their results were good, there was no pro- 
spective comparison to an amniocentesis-based man- 
agement scheme. Unfortunately, the authors (and 
readers) can only speculate on the broad range of rel- 
ative advantages and disadvantages of each scheme. 
My questions regard the selection of patients for in- 
vasive testing. The authors state that an indirect 
Coombs’ titer of =1:8 was selected for testing because 
in their unit severe hemolytic disease has occurred at 
1:8 but not below. This same threshold was reported 
by Reece et al.'; it places the critical titer for their lab- 
oratories at 1:4, which is one dilution stricter than that 
recommended by the American College of Obstetri- 
clans and Gynecologists Technical Bulletin? (> 1:8) and 
two dilutions stricter than the data-based recommen- 
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dations of Freda’ and Queenan‘ (> 1:16). As a conse- 
quence of this stricter critical titer, more patients re- 
quire invasive testing or require it earlier in pregnancy. 
My questions: (1) In their current series, in a first 
sensitized pregnancy what was the lowest fetal hemat- 


ocrit observed when the indirect Coombs’ titer within — 


L- to 2 weeks of sampling was =1:16? (2) Do the obser- 
vations in the current series justify invasive sampling 
„in the first sensitized pregnancy when a recent indirect 
‘ Coombs’ titer ts 1:8 or 1:16? (3) Can their historic ob- 
‘servation of severe fetal hemolytic disease with a titer 
cf 1:8 be explained by (a) its occurrence in an other- 
than-first sensitized pregnancy, (b) delivery remote 
from the 1:8 titer with possible intervening unobserved 
increases in titer,.or (c) an unobserved increase in titer 
caused by invasive sampling after the titer? MacGregor 
et al.’ reported a rise from 1:8 to 1:4096 within weeks 
of cordocentesis. 

If the answers to these questions do not support in- 
vasive testing in first sensitized pregnancies with 1:8 or 
1:16 titers, the authors should acknowledge this and 
adjust their critical titer. This adjustment would allow 
the selection of invasive testing only when the fetal risk 
truly warrants it. 

J A. Spinnato, MD 


Department of Obstetrics and Gynecology, University of Louisville, 
Louisville, KY 40292 
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Reply 
To the Editors: We thank Spinnato for his inquiry. We 
expect may questions will arise regarding the proposed 
management scheme because it is difficult ‘to give ad- 
equate detail in an initial publication. 

Spinnato asked about the antibody titer at which an 
invasive evaluation should be undertaken during the 
first sensitized pregnancy. His specific concern was that 
we selected 1:8 although the American College of Ob- 
stetricians and Gynecologists Technical Bulletin states 
that a titer of <1:16 indicates that the fetus is not in 
serious jeopardy. His question is best answered by quot- 
ing directly from that technical] bulletin. “In general, it 
is believed that, if the antibody titers remain less than 
1:16 in an initial immunized gestation, the fetus is not 
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in serious jeopardy. It is important to know, however, that: 
this value is somewhat dependent on local laboratory methods, 
skul of laboratory personnel, and previous experiences related 
to titers within that institution [emphasis added].” 

Spinnato is not the first to have missed this point. 
With the decreasing incidence of fetal hemolytic dis- 
ease, experience with the entity has shrunk. Our critical 
titer has been and remains 1:8 and is the result of many 
years of experience in one laboratory with a wide re- 
ferral area. All physicians involved in the evaluation of 
fetal hemolytic disease should find the critical titer in 
their individual laboratories. Obviously -this is impos- 
sible in a small hospital; regionalization is required. 

In our experience patients have frequently been re- 
ferred with a low indirect Coombs’ titer from the local 
laboratory, only to have a much higher titer when tested 
by the University of Iowa Hospitals and Clinics blood 
bank. Whether this reflects a change in sensitization or 
differences in laboratories, I cannot state. 

Our data base does not include information as to 
whether the pregnancy under evaluation was the first 
sensitized pregnancy, As a rule we monitored each pa- 
tient during her first sensitized pregnancy with serial 
indirect Coombs’ titers. We require a titer 21:8. Ten 
nulliparous women have undergone cordocentesis for 
red blood cell isoimmunization. Two of those fetuses 
had anemia when first evaluated. In one, sensitization 
was to D and the indirect Coombs’ titer was 1:1024. In 
the other, sensitization was to Kell and the indirect 
Coombs’ titer was, 1:8. However, most of the patients 
who have required transfusion with low indirect 
Coombs’ titers were not in their first sensitized preg- 
nancies. Thus our observation of severe hemolytic dis- 
ease with a titer of 1:8 is mostly, but not exclusively, 
explained by. its occurrence in a subsequent sensitized 
pregnancy. As Spinnato notes, other have had similar 
experiences with their laboratories. 

Spinnato refers to a case report by MacGregor et al., 
who observed an abrupt increase in antibody titer 
within weeks of cordocentesis. However, I note that the 
fetus in question was already anemic when the titer was 
1:8. This raises an important point. Cordocentesis is 
but a procedure. One must not only know what the 
normal values are, but what to do with them. With our 
management scheme we have tried to supply a course 
of action. The procedure can also be misused. To pre- 
vent worsening of disease we avoid the placenta in pa- 
tients with low-grade sensitization by sampling from a 
midsegment. 

In summary, the 1:16 guideline in the Aoa oh Col- 
lege of Obstetricians and Gynecologists Technical Bul- 
letin was never intended to be engraved in stone. Ít is 
clear that at the University of Iowa our critical titer is 
1:8. Our experience is that these fetuses are at risk and 
benefit from accurate testing. 

Carl P. Weiner, MD 


Depariment of Obstetrics and Gynecology, University of Iowa 
Hospitals and Clinics, Iowa City, IA 52242 
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Ultrasonographic screening for trisomy 21 


To the Editors: In the article by Lockwood et al. (Lock- 
wood CJ, Lynch L, Berkowitz RL. Ultrasonographic 
screening for the Down syndrome fetus. AM J OBSTET 
GYNECOL 1991;165:349-52) the authors estimate the 
positive predictive value for Down syndrome of both 
the biparietal diameter/femur length ratio and mea- 
sured femur length/expected femur length ratio for a 
given biparietal diameter. To calculate this predic- 
tive value they used a prevalance of Down syndrome 


(1/710) that reflects the incidence.of Down syndrome . 


at 16 weeks’ gestation for the general population. An 
alternative estimate of the prevalence in a target pop- 
ulation might include all pregnancies in women <35 
years of age and 50% of woman >34 years who do not 
have amniocentesis. This formula would lower the 
prevalence (assuming there are 4.2 million live births 
per year’, that 8.6% of live births occur to women >34 
years of age, that 39% of Down syndrome births occur 
in women >34 years,” and that Down syndrome occurs 
in 1/1000 live births) to 1/884 at 16 weeks and reduce 
the positive predictive value to below the levels cited 
by approximately 20% to 30%. 

Additionally, there appears to be an error in the es- 
timate of predictive value for study 9 in Table I. The 
correct positive EEEN value should be 1/108 rather 
than 1/644. 

Ira M. Bernstein, MD 


Department of Obstetrics and Gynecology, University of Vermont Col- 
lege of Medicine, ena VT 05405 


REFERENCES 


1. Wegman M. Annual survey of vital statistics: 1990. Pedi- 
atrics 1991;88: 1081-92. 

2. Goodwin BA, Huether CA. Revised estimates and projec- 
tions of Down syndrome births in the United States, and 
the effects of prenatal diagnosis utilization, 1970-2002. 
Prenat Diagn 1987;7:342-6. 


Reply 

To the Editors: We thank Bernstein for his analysis of 
the positive predictive value of the various biparietal 
_diameter/femur length formulas for detecting fetal 
Down syndrome. He is correct in his analysis of this 
alternate’ approach to the estimation of positive pre- 
_ dictive values. In addition, he rightly points out a ty- 
pographic error in study 9. The positive predictive 
value of this study is indeed 1/108 rather than 

1/644. 
Charles J. Lockwood, MD, Richard L. Berkowitz, MD, 
' and Lauren Lynch, MD 


Division of Maternal-Fetal Medicine, Mount Sinai Medical Center, 
One Gustave L. Levy Place, New York, NY 10029-6574 


What is the prognosis for congenital 
‘cytomegalovirus infection? 


To the Editors: We read with interest the article by Lynch 
et al. (Lynch L, Daffos F, Emanuel D, et al. Prenatal 
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diagnosis of fetal cytomegalovirus infection. AM J OB- 
STET GYNECOL 1991;165:714-8). This article demon- 
strates the usefulness of a comprehensive evaluation of 
fetuses with possible congenital cytmegalovirus infec- 
tion. Although the numbers are small (6 of 7), it appears 
that women who have a documented primary infection 
during pregnancy can be reassured if their fetus has 
normal blood studies, normal: ultrasonographic find- 
ings, and a negative amniotic fluid culture. 

Although we agree that the prognosis is likely to be 
poor for congenitally infected infants who are detected 
solely on the basis of abnormal ultrasonographic find- 
ings, this is not certain. There has been at least one 
case in which ascites diagnosed at 27 weeks’ Sales 
completely resolved before birth at 36 weeks’ gestation.’ 
This infant had minimal findings at birth. 

The natural history of congenital cytomegalovirus 
infection is still not known in detail. We agree that more 
long-term follow-up of fetuses and neonates known to 
be infected in utero is needed. 

Nancy Binder, MD, PhD 


Oregon Health Sciences University, 3181 S.W. Samuel Jackson Park 
Road, PED, Portlana, OR 97201-3042 


REFERENCE 


l. Binder ND, Buckmaster JW, Benda GI. Outcome for a 
fetus with ascites and cytomegalovirus infection. Pediatrics 
1988;82:100-3. 
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Omental graft made simple 


To the Editors: Since my article (Petty WM, Lowy RO, 
Oyama AA. Total abdominal hysterectomy after radia- 
tion therapy for cervical cancer: use of omental graft 
for fistula prevention. AM J OBSTET GYNECOL 
1986; 154: 1222-6) was published, it has been found that 
it is not usually-necessary to make a pedicle graft of the 
omentum to attach it to the vagina. Normally the omen- 
tum is long enough to reach the vaginal apex without 
being on tension. If the omentum will reach the vaginal 
apex without being on tension, it can be gently sutured 
to the vaginal apex with two interrupted absorbable 
sutures after the vagina is closed. I have only had to 
make a pedicle graft once in approximately 12 addi- 
tional cases. The other 11 times the omentum has 
reached the vagina without being on. tension. There- 
fore a simplified method of preventing fistulas after 
either full radiation therapy or a partial radiation ther- 
apy with hysterectomy is to simply suture the distal 
omentum to the vaginal apex. It is quick, easy, takes 
only 2 minutes, and has completely prevented fistulas 
in my patients. 

William M. Petty, MD 
9155 S.W. Barnes Road, Suite 219, Portland, OR 97225 


Ovarian cancer screening 


To the Editors: The issue of screening for ovarian cancer 
is a timely one: it is of particular concern not only to 
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gynecologists and other primary care physicians, but 
also to imaging specialists. It is unfortunate, therefore, 
that in the otherwise excellent review of this topic by 
Creasman and DiSaia (Creasman WT, DiSaia PJ. 
Screening in ovarian cancer. AM J OBSTET GYNECOL 
1991;165:7-10) the authors based their opinion of ul- 
trasonography as a screening technique on three ul- 
trasonography articles from 1938 and 1989 (reflecting 
the standard of imaging of the years preceding pub- 
lication). None of the referenced articles included 
transvaginal evaluation of the ovaries or Doppler vi- 
sualization of the supplying ovzrian and uterine arter- 
ies, This omission is particularly distressing in that the 
same issue of the journal that contained the ultraso- 
nography arucle by Campbell et al.’ also contained an- 
other paper? in which that group reported their early 
and encouraging results with the use of transvaginal 
color flow imaging to identify malignant ovarian 
masses. 

Since that time multiple papers have appeared on 
the use of transvaginal evaluation of ovarian masses 
and the characterization of the blood flow by Doppler 
technique. Our own recently published work* has dem- 
onstrated the use of transvaginal ultrasonography in 
identifying very small, nonpalpable masses in ae 
tomatic postmenopausal women. 

Because of the tremendous advances that have been 
made in ultrasonographic technology within the past 2 
years, I believe that basing such an important conclu- 
sion on outmoded technology is a disservice not only 
to your readers, but also to the millions of women who 
are concerned about their risk for ovarian carcinoma. 
There is no doubt that a large multicenter study is 
needed to evaluate the use of modern diagnostic ul- 
trasonography in the identification of early ovarian car- 
cinoma. Campbell and Bourne and their colleagues 
have made a good start. Meanwhile it 1s counterpro- 
ductive to deny our patients such a valuable imaging 
study while waiting the 5 to 10 years it will take for 
final results. | 

Barbara B. Gosink, MD 
Department of Radiology, University of California, San Diego, 
Medical Center, 225 Dickinson St., San Diego, CA 92103-1990 


REFERENCES 


1. Campbell S, Bhan J, Royston P Whitehead MI, Collins 
WP. Transabdominal ultrasound screening for early ovar- 
ian cancer. BMJ, 1989;299:1363-7. 

2. Bourne T, Campbell S, Steer C. Whitehead MI, Collins 
WP. Transvaginal colour flow imaging: a possible new 
screening technique for ovarian cancer. BMJ 1989;299: 
1367-70, 

3. Wolf SI, Gosink BB, Feldesman MR, et al. Prevalence of 
simple adnexal cysts in postmenopausal women. Radiology 
1991; 180:65-71. 


Reply 
To the Editors: We appreciate Gosink’s interest in our 
article. Her main criticism is that we quoted studies 
using supposedly antiguated technology (abdominal ul- 
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trasonography). The studies we referenced were pub- — 
lished in 1988 and 1989—not necessarily ancient his- 
tory. We are well aware of transvaginal ultrasonography 
and color flow Doppler. The ability of transvaginal ul- 
trasonography in regard to sensitivity in identifying 
ovarian follicles is well established with the in vitro fer- 
tilization programs. We chose those articles because 
they were by far the best and largest studies published. 
There are no like published articles with transvaginal 
ultrasonography as a screening tool for ultrasonogra- 
phy! Gosink noted that Campbell et al. had published 
an article on color flow Doppler and wondered why it 
was not referenced in our publication. That study is a 
presentation of 50 selected patients and does not rep- 
resent a technique or data on screening for ovarian 
cancer, 

Gosink suggested that transvaginal ultrasonography 
is better technology than abdominal ultrasonography 
and quoted one of their own articles. In their article 
both abdominal and transvaginal ultrasonography were 
used in 149 patients. They actually identified more ova- 
ries with the abdominal ultrasonography than the 
transvaginal method (58% vs 41%). In fact, they were 
unable to identify 32% of the ovaries known to be pres- 
ent with either technique. Their inference was that if 
they did not see the ovaries, cysts were probably not 
present (the main thrust of their paper was the iden- 
tification of “cysts” in a postmenopausal patient). On 
the other hand, Campbell has made the point that it is 
necessary to identify the ovary to state that no patho- 
logic condition is present (their report was based on 
over 30,000 ovaries). Gosink stated that 30 minutes was 
the usual time for ultrasonographic evaluation, with the 
radiologist involved some of the time. We wonder what 
the cost would be if this were not a study? 

One of the points in our article was that the incidence 
of ovarian cancer (approximately 20,000 per year) is 
relatively low, particularly when compared with other 
cancers (breast—approximately 175,000 per year); 
therefore any screening test is probably not going to 
be effective in making a major impact on the dismal 
survival rate for this cancer. As noted from the paper 
by Einhorn et al.' quoted in our article, the CA 125 test 
was used as a screening test. Einhorn et al. stated that 
considering the incidence of ovarian cancer in Sweden, 
even if the test had a specificity of 99.5%, only 6% to 
11% patients with elevated CA 125 levels would actually 
be expected to have cancer even if the sensitivity was 
100%. In Campbell’s study, for every 67 patients com- 
ing to surgery because of abnormality noted on ultra- 
sonography examination, only | was expected to have 
a primary ovarian cancer, obviously a very high false- 
positive rate. After their large study with over 30,000 
ovaries evaluated, Campbell et al. have stated that the 
cost-effectiveness of ultrasonography must now be de- 
termined. There are several ongoing studies evaluating 
this technique alone and with tumor markers. Even if 
transvaginal is proved to be better than abdominal 
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(which it has not), is it still cost-effective as a screening 
technique? 

To the statement that new technology makes pre- 
vious data (abdominal ultrasonography) no longer ap- 
plicable, we argue that it is not appropriate to accept 
new technology carte blanche without data supporting 
its effectiveness. Even if transvaginal ultrasonography 
were 100% sensitive and specific, an accuracy rate no 
one suggests, there would still be major problems be- 
cause of the numbers. To take new technology without 
proving its effectiveness as state of the art may add 
tremendous expense to already massive health care 
costs without decreasing the mortality of this cancer 
and is a disservice to our patients and medicine in 
general. 

William T. Creasman, MD 


Depariment of Obstetrics and Gynecology, Medical University of South 
Carolina, Charleston, SC 29425 


Philip J. DiSaia, MD 
Department of Obstetrics and Gynecology, University of California, 
Irvine, Orange, California . 
REFERENCE 


l. Einhorn N, Sjovall K, Schoenfeld G, et al. Am Soc Clin 
Oncol 1990;90:157. 


Epidermal growth factor receptor expression in 
cervical intraepithelial neoplasia 

To the Editors: I read with interest a recent article by 
McGlennen et al. (McGlennen RC, Ostrow RS, Carson 
LF, Stanley MS, Faras AJ. Expression of cytokine re- 
ceptors and markers of differentiation in human pap- 
ilomavirus—infected cervical tissues. AM J OBSTET GY- 
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NECOL 1991;165:696-705). The authors found in- 
creased levels of epidermal growth factor receptor with 
increasing levels of cervical dysplasia. In our study’ we 
found levels of expression of messenger ribonucleic 
acid for epidermal growth factor receptor to correlate 
with levels of cervical dysplasia, with expression of epi- 
dermal growth factor receptor messenger ribonucleic 
acid in basal and parabasal epithelium in normal cervix, 
and up to and above midepithelium in moderate and 
severe dysplasia. Presence of messenger ribonucleic 
acid for epidermal growth factor receptor suggests not 
only presence but continued synthesis of epidermal 
growth factor receptor in dysplastic cells. The study by 
McGlennen et al. shows actual increase in the amount 
of epidermal growth factor receptor with increasing 
severity of dysplasia, a finding that further supports a 
role for epidermal growth factor receptor in the patho- 
genesis of cervical dysplasia. 

Fig. 3 and its legend in the article by McGiennen et 
al. are mislabeled as showing EGF (epidermal growth 
factor) instead of EGFR (epidermal growth factor re- 
ceptor). 

Khush Mittal, MD 


New York University Medical Center and Bellevue Hospital, 27th 
St. and First Ave., New York, NY 10016 


REFERENCE 


1. Mittal K, Pearson J, Demopoulos R. Patterns of mRNA for 
epidermal growth factor receptor and keratin B-2 in nor- 
mal cervical epithelium and in cervical intraepithelial neo- 
plasia.. Gynecol Oncol 1990;38:224-9. 


Response declined 
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Announcements of major meetings and other significant activities must be 
received at least 8 weeks before the desired month of publication. All an- 
nouncements carry a charge of $60.00 U.S. per insertion and the fee must 
accompany the request to publish. Information will be limited to title of 
meeting, date, place, and an address to obtain further information. Send 
announcements and payment, payable to this JOURNAL, to Kay G. Goehler, 
Senior Manuscript Editor, Journal Editing, Mosby—Year Book, Inc., 11830 
Westline Industrial Drive, St. Louis, MO 63146-3318. 


Advances in Urogynecology and Pelvic Surgery, 


‘Sheraton Chicago Hotel, Chicago, Illinois, 


June 25-27, 1992. Sponsored by the. Section 
of Urogynecology, Evanston Hospital. For in- 
formation, contact the Office of Continuing 
Medical Education, Northwestern University 
Medical School, 303 East Chicago Ave., Ward 
1-004, Chicago, IL 60611-3008. Tel.: (312) 
503-8533. 


5th Congress of the International Perinatal Doppler 


Society, New York City, Waldorf Astoria Ho- 
tel, August 29-September 2, 1992. For infor- 
mation contact: Professional Planners, Ltd., 
3700 El Prado Blvd., Coconut Grove, FL 
33133. Tel.: (305) 443-6728. 


Hands-on Workshop in Reproductive Ultrasound and 
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Prematurity Prevention, August 1-2, 1992, 
Marriott’s Seaview Resort, Atlantic City, New 


y 


Bound volumes available to subscribers 


Jersey. AMA Category I credit. For further 
information contact: Michele Gambino, Penn- 
sylvania Hospital, Department OB/GYN, 822 
Pine St., Suite 1A, Philadelphia, PA 19107. 
Tel.: (215) 829-3611. 


The Harvard Medical School, Department of Contin- 


uing Education, and The Massachusetts Gen- 
eral Hospital, Department of Gynecology, are 
presenting a postgraduate course in: Vaginal 
Surgery, directed by David H. Nichols, MD, 
on October 9, 10, 11, 1992, at The Ritz-Carl- 
ton Hotel, Boston, Massachusetts. For infor- 
mation contact: Harvard Medical School, De- 
partment of Continuing Education. Tel.: (617) 
432-1525. 


Bound volumes of the AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY are avail- 

able to subscribers (only) for the 1992 issues from the Publisher, at a cost of $68.00 for 

-© domestic, $95.76 for Canada, and $91.00 for international for Vol. 166 (January-June) 
and Vol. 167 (July-December). Shipping charges are included. Each bound volume contains 

a subject and author index and all advertising is removed. Copies are shipped within 60 


days after publication of the last issue in the volume. The binding is durable buckram with 
the JOURNAL name, volume number, and year stamped in gold on the spine. Payment must 
accompany all orders. Contact Mosby—Year Book, Inc., Subscription Services, 11830 Westline 
Industrial Drive, St. Louis, MO 63146-3318, USA; phone (800) 325-4177, ext. 4351, or 
(314) 453-4351. l 

Subscriptions must be in force to qualify. Bound volumes are not available in place 
of a regular JOURNAL subscription. | l 





IN VITRO FERTILIZATION 
LABORATORY DIRECTOR 


The Women's Pavilion’ of The Norton Hospital, part of 
Alliant® Health System in Louisville, KY, is a recognized | 


leader in providing maternal and newborn care. In conjuc- 
tion with the University of Louisville, The Women’s Pavil- 
ion is currently recruiting a seasoned Director to help 
meet the increasing demands of IVF procedures. 


A team of reproductive endocrinologists and other med- 

‘ical professionals experienced in infertility, biochemistry, 
and embryology direct the nationally recognized Fertility 
Program at The Women’s Pavilion. The LABORATORY 
DIRECTOR will be responsible for all standard IVF pro- 
cedures as well as sperm/egg micro manipulation, em- 
bryo freezing and storage, and egg donation. This posi- 
_ tion also ensures the embryogenic process and the avail- 
ability of reliable lab results and procedures; educates 
patients, physicians and other healthcare personnel; and 
provides interpretation of Statistical data. 


Qualified candidates will possess a Ph.D. in Embryology 
and two years of embryology and androilogy experience 
in an in vitro fertilization program. 


Alliant Health System offers a competitive salary and 
comprehensive benefits package including relocation as- 
sistance. 


For confidential consideration, please submit resume 
with salary history to: Alliant Health System, Human 'Re- 
sources, Attn: Healthcare Recruiter, P.O., Box 35070, 
Louisville, KY 40232-5070. Equal Opportunity Employer. 


ALLIANT | 
Health System 


OBSTETRICIAN/GYNECOLOGISTS | 


Aspen Medical Group is seeking BC/BE 
obstetrician/gynecologist to join staff of six. 
We are an independent, multispeciaity group 
practice with 8 clinics in the Minneapolis/St. 
Paul metropolitan area. Aspen offers: 


è Established, challenging practice spanning — 


the full range of obstetrics and gynecology 
è Reasonable call and clinic responsibilities 
e Competitive earnings 
e Wide range of benefits. . 
@ No practice buy-in 
For further information, please call or send 
your curriculum vitae to: 
Nancy Borgstrom 
Aspen Medical Group 
_ 1020. Bandana Boulevard West 
. St. Paul, MN 55108 
(612) 641-7170 


Equal Opportunity Employer 


OBS TE TRICIA N/ GYNE COL OGIST, 
. KANSA S CITY METROPOLI TAN AREA 


Exceptional opportunity’ exists for a 
BC/BE OB/GYN in a large, expanding 
and independent multi-specialty 
group with an excellent referral 
base.. Practice is conveniently 


{located close to hospitals, affordable 
< luxury.. housing and nationally 


recognized school systems in stable 
neighborhoods. A very attractive 
and flexible incentive package is 
available. Please send Curriculum 
Vitae to: 


JOHN STORM — 
51 NORTH 12TH STREET 
KANSAS CITY, KS 66102 
` ` (913) 281-7775 
FAX (913) 281-8494 


_ The Department of Obstetrics and Gynecology at 
-= Boston University Medical Center and Boston City 


Perinatologist and. 


Reproductive 
Endocrinologist 


for expanded services in our department and affik- 

. ated community hospitals. Responsibilities would 
‘include clinical care, teaching and research. Aca- 
demic rank and salary will be dependent upon the 
training, credentials and experience of the applicant. - 


Please send ing and curriculum vitae to: 
- David Acker, M.D., Chairman, Department of 
Obstetrics and Gynecology, Boston University 
School of Medicine, 80 East Concord Street, 
Boston, MA 02118. Boston City Hospital and 
Boston University Medical Center are egual op- 


portunity i aa 


Boston University 
Medical Campus 
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BRIGHAM 
AND 
WOMEN'S 


Obstetrician/ Gynecologist Opportunity Available 
Kalamazoo, Michigan : 





HOSPITAL 


Division Chief, Ambulatory OB/GYN Programs 


The Department of TiN epee and Reproductive 
Biology at Brigham and Women’s Hospital, a major teaching | 
hospital of Harvard Medical School, seeks a full-time 
Obstetrician/Gynecologist to direct its Ambulatory c care 
programs. 


Strong interpersonal and management skills, as well as 
commitment to clinical care, quality improvement, and pacing 
are essential. 


A practice opportunity is available N BE/BC Ob/Gyns t 
join a well-established, busy hospital-based group 
practice. Excellent salary and malpractice insurance are 
among the many benefits of this opportunity. Relocatior 
and interviewing expenses will also be provided. 


Administrative prerequisites have been established for a 
Nurse Midwifery Service for this practice and recruit- 
ment is also underway for experienced CNMs. 


Bronson Hospital, the 442-bed tertiary care facility for 
southwestern Michigan, has a 500-member medical sta 
which includes 31 Ob/Gyns, 3 perinatologists and 6 
neonatologists. An average of 3,400 deliveries are 
performed annually at Bronson. 


Kalamazoo, located midway between Chicago and 
Detroit, offers diverse cultural opportunities. Lake’ 
Michigan’s sandy beaches and dunes are.only minutes 
away and numerous lakes, hills and forests provide 
boundless recreational activities. Excellent schools, 
several colleges and a major university further contribut 
to a high quality life-style. Real estate is affordable and 
one can be in the beautiful countryside within 10 
minutes. 


For more information about this practice opportunity, 
- please call or send CV to: : 


Responsibilities include overseeing the medical moniegement 
of ey OB/GYN care in the hona and its paoli 
centers. _ 


Applicants must be Board-certified in Obstetrics and 
Gynecology, and must have clinical experience ina large, 
academic center. ; 


Academic rank at Harvard Medical School will be 
commensurate with experience, training, and ponents 
Sendi inguiy and curriculum vitae to: 


Kenneth J. Ryan, M.D. 

Chairman, De artment of OB/GYN 
Brigham and Women’s Hospital 

75 Francis Street, ASB1-3-073 
Boston, MA .02115 


The Brigham and Women’s Hospital is an affirmative action, 
equal opportunity employer.: f 





BRONSON 


Debra Hartman, Bronson Administrative Services 
25? E. Lovell St., Kalamazoo, Michigan 49007 
: (800) 594-9022 or (616) 341-6331 





OBSTETRICIANS AND GYNECOLOGISTS 
Illinois . 
OB/GYN Physicians needed to join Carle Clinic 
Association, a 225 physician, multi-specialty group 
practice in central Illinois with opportunities at the 
main campus. as well as three additional sites - 
Urbana, - Bloomington, Danville and 
Mattoon/Charleston. These communities offer 
`- recreational, cultural and educational amenities. 
Benefit package includes a competitive salary with 
partnership and income sharing plan after two 
years, professional liability insurance, health, life 
and disability insurance and generous vacation and 
meeting time. Contact: 


DIRECTOR 
OBSTETRICS AND GYNECOLOGY 
Broadlawns Medical Center 
Des Moines, lowa 


The University of lowa and Broadiawns Medical 
Center, a 200+ bed county supported public teaching 
hospital, are seeking a Director for the Department 
of OB/GYN. Activities will include supervising patient 
care as well as teaching of Family Practice residents, 
a rotating OB/GYN Resident, and medical students 
in our OB service (500 births per year and growing). - 
Department includes medical office clinic facilities, a 
new Family Birthing Center, a Family Planning Pro- 
gram and a newly created mid-wife position. Basic 
requirements include an M.D. or D.O. degree, and 
Board Certification or active candidacy of the Ameri- 
can Board of Obstetrics and Gyr:ecology, extensive 
practice experience, and the ability to direct staff and 
programs to support the service and educational goals 
of the institution. Clinical teaching.experience would 
be desirable. A university medical school faculty ap-: 
pointment is- possible for appropriate candidates. If 
interested, contact D.J..Walter, MD, Director of Med- 
ical-Education, Broadlawns Medical Center, 18th & 
Hickman Road, Des Moines, lowa, (515) 282-2203. 
Minorities and women especially encouraged to apply. 
The University and Broadlawns are Equal Opportu- 
nity/Affirmative Action Epes 


& 


Robert C. Parker, Jr., MD 
Medical Director 
Carle Clinic Association 
602 W. University, Urbana, Illinois 61801 
Phone 217-383-3399 - Fax 217-383-3163 
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FACULTY POSITIONS 


GENERALIST OBSTETRICIAN/ 
GYNECOLOGIST 
MATERNAL/FETAL MEDICINE 
SUBSPECIALIST 
GYNECOLOGIC ONCOLOGIST 
REPRODUCTIVE ENDOCRINOLOGIST 


The James H. Quillen College of Medicine of East Ten- 
nessee State University offers an excellent opportunity 
to physicians of these specialties who are Board Certified 
or Board Eligible. This opportunity offers both tangible 
and intangible benefits sometimes not found in larger 
cities. Our emphasis is on excellence in service to pa- 
tients, education, and research. These Faculty positions, 
both Tenure track and Grant-supported, are at the Assis- 
tant/Associate Professor level and offer very competitive 
salaries and excelient fringe benefits. The Gynecologic 
Oncologist position is funded by an outside source. The 
Tri-Cities area boasts of good schools and suburban liv- 
ing in beautiful Northeast Tennessee with easy access 
to various cultural activities. Our outdoor sports include 
all water sports, snow skiing, the Appalachian Trail, and 
numerous scenic attractions. Our medical referral base 
consists of 1.3 million people within a 50 miles radius. 
Send curriculum vitae to: 


Frederick R. Jelovsek, M.D. 
Professor and Chairman, 
Dept. of OB/GYN 


James H. Quillen College 

of Medicine ETSU | 
East Tennessee State University 

Box 70,569 

Johnson City, TN 37614-0569 


ETSU is an AA/EO employer. 


plaanis Vennet ae amaan Bien SCORE BERRARAR AT EAREEN REY thelr AGRE SRR NNN a aana ‘UENO iee or, hee ae 


- MATERNAL / FETAL 
SUBSPECIALISTS ` 
_ EASTERN PENNSYLVANIA _ 


imale ana aeo aam an er ee re er 


Lehigh Vailey Hospital, an 830-bed tertiary care teaching 
hospital, is seeking additional faculty including two full- 
time maternal/fetal medicine subspecialists: a division 
chief and an associate. The physicians’ roles will include 
consultative patient care, program development, student 
and resident education and research if desired. The 
opportunity exists to customize the role to your particular 
career goals. Candidates should be board certified or 
active candidates for certification in maternal/fetal 
medicine. 


Lehigh Valley Hospital is a regional Perinatal Center with 
over 3,300 births annually, of which 40 percent are high- 
risk. The department is supported by a 20-bed Level II 
NICU and four full-time neonatologists. The hospital 
serves as a clinical campus of Hahnemann University 
and maintains a free-standing, fully-accredited OB/GYN 
residency program. 


Allentown, Pennsylvania is a cosmopolitan city, 60 miles 
north of Philadelphia and 80 miles west of New York 
City. The area has excellent school systems, nine colleges 
and universities and diverse cultural offerings. An 
excellent compensation package has been designed to 
recruit qualified candidates. Please send CV to Carol 
Voorhees, Vice President, Lehigh Valley Hospital, 
1243 S. Cedar Crest Boulevard, Suite A, Allentown, 
PA 18103, or call (215) 821-3090. EOE. 


East Tennessee East Feasiessee Sate Universtly University 


Perinatologist Needed in 
Coastal New Jersey 


2 member group is seeking a third perina- 
tologist (BE/BC). We are active practition- 
ers of perinatoiogy and we also serve as 
integral members of the teaching team for 
a residency in Obstetrics and Gynecology. 


We engage in both in-patient and out-pa- 
tient activities, and all skills related to ma- 
ternal fetal medicine may be used within 
our practice. Strong ultrasound skills are 
required, and the current practice con- 
sists of antenatal diagnosis, genetic coun- 
seling, amniocentesis, CVS and PUBS. 
We will insist on comfort and competence 
in basic obstetrical practice. 


We are located about 1.5 hours from both 
New York City and Philadelphia, and the 
area provides a suburban life style. 


Contact: Glenn Herman, M.D. 

David Wallace, M.D. 
Telephone: (908) 870-3600 
Fax: (908) 870-0119 


PERINATOLOGIST 
OGDEN, UTAH 


An outstanding opportunity exists for a peri- 
natologist to set up a consultative practice ir 
Ogden, Utah. The physician will be an em- 
ployee of McKay-Dee Hospital, a 415-bec 
community facility. Office space, personne! 
and equipment will be provided by the hospi- 
tal. The successful candidate will be an inte- 
gral part of Intermountain Health Care’s Peri- 
natal Group. 


Ogden, Utah is a beautiful N of 
69,000, with a service population of 260,000. 
There is an abundance of outdoor recreation 
available, including skiing, snowmobiling, 
hunting, fishing, boating, swimming and 
camping. A variety of cultural events entertain 
and amuse Ogden residents, such as the 
symphony, the ballet, museums, art galleries 
and festivals. Ogden is a short 40 minutes 
from Salt Lake City where more professional 
sports and cultural events may be found. 


For more information, send a CV to: 
IHC Physician Placement Services 
P.O. Box 57010 
Murray, UT 84157-0010 
or call toll-free, 1-800-888-3134 
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ST. PAUL, MINNESOTA: 
OB/ GYN.. 


Established, single specialty. group ssa 
sixth partner for high volume Surgical/ - 
Obstetrical practice.. Three convenient 
downtown and suburban locations. State- 
of-the-art facilities. Fine tuned clinical and 
administrative support. Excellent financial 
potential. Twin cities area offers. appeal- 


ing living environment and abundant 

amenities such as shopping, nightlife, cul- 

ture, and recreation. Send CV or call: 
BRYAN BASSETT. 


. JACKSON AND : 
COKER, INC. 


115 Perimeter Center Place ~ 


“ Suite 380 11807 | 
-< Atlanta, GA'30346 JACKSON 
AND PCOK ER 


Tel. 1-800-544-1987 


_OB/GYN PRACTICE 
OPPORTUNITY _ 
IN COLORADO 


= Excellent opportunity for Board Certified: or 


Eligible OB/GYN Physician to join twenty-six 
physician, well established multi-specialty 
group. Position available immediately with full 
practicé due to recent relocation of one of the 


two associates in the OB/GYN Department. 


Will join a well established Board Certified 


OB/GYN physician. Good starting salary with 


an incentive program. Excellent corporate 
fringe benefit program. Practice situated in 
medium size city.45 miles north of Denver, 
Colorado, in the beautiful front range of the 
Rockies. | 
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Contact: 


- Adininistration ` 
Longmont Clinic, P. C. 
1925 West Mountain View Ave. 
Longmont, CO 80501 
(303) 776-1234 (collect): 





Harvard Medical School and mount Au- 
burn Hospital are jointly seeking a Chief 
of Obstetrics and Gynecology at Mount 
Auburn Hospital whose primary interest 
is in Obstetrics. He/she will direct and 
expand an active clinical program, 
develop a residency program, teach med- 
ical and graduate students in the special- 
ty, will hold academic appointment at Har- 
vard Medical School commensurate. with 
training and experience, and will also 
have an appointment at the Mas- 
sachusetts General Hospital. He/she will 
be encouraged to develop an academic 


_ program of reséarch in his/her respective 


field. Salary support will be provided by 
Mount Auburn Hospital and Harvard Med- 
ical School. Please send curriculum vitae 
to: Isaac Schiff, M.D., Chief of Gynecol- 
ogy, Massachusetts, General Hospital, 
Vincent-1, Boston, MA 02114. Telephone 
617-726-3001. Mount Auburn Hospital, 
Harvard Medical School and Mas- 
sachusetts General Hospital are Equal 
Opportunity Employers. _ 





Charming New England Community 


_ Challenging practice that admits to 
a tertiary teaching hospital with 
a fully aceredited OB/GYN 
- residency program 
Excellent compensation, benefits 
and relocation incentive 
A 1-in-5 call schedule with 
predictable time off 


For more information cal] Joanne Alderman, RN, MPH, 
Executive Assistant to the Medical Director,at (800) 457-6145 
or send c.v. to: Medical West Community Health Plan, 


360 Birnie Ave, Dept OB, Springfield, MA 01107. 


Community Health Plan 
A pene CROSS & BLUE SHIELD HMO 
# 





We are an equal opportunity/affirmative action employer e 


PERINATOLOGIST | 

MINNEAPOLIS | 
North Memorial. Perinatal Center i is seek- 
ing a board eligible/board certified Mater- 
nal Fetal Specialist to join Harry Farb, 
M.D. in the practice of Maternal Fetal 
Medicine. This position is best suited for 
-an individual who likes personal, direct, 
hands-on patient care, teaching and out- 
reach activities. Experience in CVS and 
PUBS is required. An excellent financial 
package, support services and personal 
and professional growth i is offered by this 
opportunity. 


Send CV to: 


Harry Farb, M.D. 
Medical Director 
North Memorial Perinatal Center 
3300 Oakdale North 
Robbinsdale, Minnesota 55422 
_ (612) 520-5950 


PERINATAL ASSOCIATES OF | 
NORTHERN CALIFORNIA — 
Are you a clinical perinatologist? There is still 
time to join 4 perinatologists and one medical 
geneticist looking for one more perinatologist 
who: desires süperior environment for patient 


care, in a private, modern level 3 facility doing _ 


6,000 deliveries a year with superior perinatal 
outcome; likes personal; direct hands-on pa- 
tient care; needs PUBS, IUTxF; CVS and 
complicated pregnancies, level 2 ultrasound: 
demands partners, not superiors; wants to live 
in clean, warm, not humid, snow-free (but 60 


minutes from skiing) Sacramento, California; © 


feels one’s family has priorities; and is com- 
mitted to the private practice of medicine. For 
more information, call (916) 733- -1755. 


Roger L. Wallace, D.O. 

Perinatal Associates 

of Northern California 

5301 F. Street #110 
sacramento, California 95819 














Primary Care Our 


Primary Concern 





= With a comitent to excellence and a focus on the total neecs 

_ of each patient, Riverside Medical Center blends a ‘primary’ 
approach with major centers of excellence in cardiology, 
chemical dependency, mental health, neuro-sensory, obstetrics © 
and orthopedics. 


Picture yourself as a physican partner in the Minneapolis/St 
Paul area's most comprehensive, integrated, pripary care- nasi 
system of health care. 


Positions available for board-certified and board-eligible 
Obstetrician/Gynecologists. : 

Riverside Medical Center... _ 

where primary Care is our primary concern. 


Riverside MedicalCenter 
A joint venture of St. Mary's and Fairview Riverside hospitals 
Contact: Natalie Odell 
Fairview Clinic Services ~ 


G00 West 98th St, Suite 390 
Bloomington, MN 55420 


612-885-6224 1-800-842-6469 


SS Beautiful Finger Lakes Region 


Ithaca, New York 


oe Join ‘comp rehensive. Ob-Gyn service s $ 


affiliated with a successful Planned 


ý. Parenthood. agency. Unique a 
#7, oppoitinity for patient-oriented 
GA physician. Currently. seeking a 


E+ second: BC/BE Ob-Gyn to provide 
sd out-patient gynecology, obstetrics, . 
Ni surgery, infertility, and abortions. 

Z Progressive university community 

A (home of Cornell University) offers 
ss! cultural attractions of a city with — 

pty the ‘benefits of small town, | living. 

4S, Competitive salary, excellent 

% i benefits including malpractice. 

K Available immediately. 


e 


Planned Parenthood of Tompkins County, E 


J Send CV To: Joyce Leslie, M.D., 
314 West State Street, Ta NY 14850 $ 
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THE DEPARTMENT OF OBSTETRICS 
AND GYNECOLOGY 


UNIVERSITY OF WISCONSIN. | |. REPRODUCTI' 43 
E MEDICAL SCHOOL nr E 
is gisas applicants for two (2) additional full-time faculty: . 
positions in MATERNAL FETAL MEDICINE for a new - i ENDOCRINOLOGIST 
.women’s health center, and academic program at its Mil- o> , I 
waukee Clinical Campus. The current vAGURY includes t two: ; 
_ perinatologists. ` - l Er . 
Sinai Samaritan Medical Center has recently consolidated > is 3 l 
‘its obstetrical and gynecological services in a redesigned E st Luke Roosevelt Hosp ia Center is a major 
facility in downtown Milwaukee. The department has the: | ea teaching hospitar: aliiiiated wi 
largest perinatal service in Wisconsin (5500 deliveries) and | Columbia University College of Physicians. and 
has a dedicated antenatal 'testing and perinatal ultrasonog- . | . Surgeons. Currently, our Department of 
raphy unit, a midwifery, and adolescent pregnancy service. =| Obstetrics and Gynecology seeks a Board 
: The department has an affiliation with St. Luke’s ‘Medical Certified Subspeci ist to direct the Division of 
Center in Milwaukee for its residency program. E R epr oductive Endocrinolo gy. The department 


Qualifications include board candidacy or certification in : - has approved residency and medical student 
maternai-fetal medicine and a commi-ment to teaching re- a training programs. 


sidents, medical students, and clinical research. Competi- i d. 
tive Salary package. Contact: © E ' We offer an attractive New York City Ga 
Chester B. Martin, M.D. Fredrik F. Biros, M.D." oe . on the West Side of Manhattan. Salary, hospi- 
Chairman Chairman and Chief —— “| tal and university appointments will be com- 
Department of Obstetrics. Milwaukee Campus `. . mensurate with qualifications and experience. 

Gynécology _ l Department of Obstetrics/ : ee" p 

Medical School: ~ | University of Wisconsin ae , - Director, Obstetrics and Gynecology, St. 
600 Highland Avenue, Medical School _ Lake’s/Roosevelt Hospital Center, Brodsky 
- H4/664.CSC -> -Sinai Samaritan Medical 7 Building, Suite 5B, New York, NY 10019. An 


Madison, WI 53792 - Center j | 
+, 2000 West Kilbourn Avenue , ||. Equal pportunity Employer M/F. 


Milwaukee, WI 53233 


nmo a | | | SQLUKES\ROOSEVELT 


The University of Wisconsin Medical. School is an equal | Hospital Cente 
opportunity sit 


OB/GYN Subspecialists | | -| ST. GEORGE’S HOSPITAL MEDICAL SCHOOL 
: : (University of London) 


a UNITED KINGDOM 
Reproductive Endocrinology | SENIOR LECTURER/CONSULTANT 


`. “Gynecologic Oncology 
Perinatology © 


OBSTETRICIAN AND GYNAECOLOGIST 


A Senior Lecturer/Honorary Consultant is required for a 
= busy South London Teaching Unit with a delivery rate of 

approximately 4000 a year. This is a partly clinical/aca- | 

demic/research post and an interést in perinatology or some 


Urogynecology 


The University of South Dakota School of Medicine’ s | 
D es l AEE 
Ai a oe ed syne Pens phe specific research would be appreciated and facilities will be 


South Dakota, a regional medical community of 120,000 | provided for appropriate research. St. Heller and St. 
serving South Dakota and three neighboring states. ; | George's Hospitals are linked University Hospitals. The 

majority of the clinical work will be done at St. Helier Hospital 
Challenging positions are available for qualified a . with two sessions at St. George’s. 


didates interested dical educati | 
candidates interested in pioneering medical education, The salary will be in the range £35,390-£46,390 plus 


research development and clinical practice. 
a : £1,292 London Allowahce per annum in the scale for Senior 
A new comprehensive University-Health Science Center z Lecturers holding an Honorary Consultant contract. These 


is being constructed which will house our program. >> | | -| ` salaries were subject to review from 1 April 1992. 
Outreach and Indian Health SPB nines are also 
available. | ; . For further information please contact Dr. D. Moncrieff at 


- St. Helier Hospital, Wrythe Lane, Carshalton, Surrey, SM5 
Financial package and incentives aze competitive and 1AA, England (Telephone 081-644 4343, Fax 081-641 
commensurate with experience, credentials and rank. , | ° 4546). Dr. Moncrieff will be visiting Toronto in June and 


Please send Curriculum Vitae to: R. H. Wiebe, M.D. Ep | would be happy to see interested applicants there. 
Professor and Chairman, Department of Obstetrics and | Further details and an application form from the Personnel 
Gynecology, c/o Physician Placement Program, 1100 Officer, St. George’s Medical School, Cranmer Terrace, 


South Euclid Avenue, Sioux Falls, South Dakota - T~ London SW17 ORE, 081-784 2791 (24-hour answerphone). 
57117-5039 or call 800-468-3333 for more miormmation: | Closing date 3 July 1992. Please quote reference 35/92. 
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ASSISTANT/ASSOCIATE 
PROFESSOR . 
MATERNAL-FETAL MEDICINE 


The University of North Carolina at Chapel Hill Depart- 
ment of Obstetrics and Gynecology in conjunction with 
the Wake Medical Center, Raleigh, North Carolina, and 
the Wake Area Health Education Center has an opening 
for a board certified or active candidate perinatologist 
with a special interest in high risk pregnancies and ul- 
trasound. The position is in the Wake AHEC OB/GYN 
Department which has three full-time obstetricians and 
gynecologists, plus the program director who is board 
certified in Maternal-Fetal Medicine. Wake Medical 
Center is located in Raleigh, approximately 40 minutes 
from Chapel Hill, and is a 560-bed comprehensive tertiary 
care center with over 4000 deliveries per year and a 
neonatal intensive care unit staffed by four neonatolo- 
gists. Excellent opportunity for research and teaching 
residents and medical students rotating through Wake 
Medical Center at all times. Collaboration with the Mater- 
nal-Fetal Medicine Division at Chapel Hill is encouraged 
and anticipated. Competitive salary and excellent fringe 
benefits. 

Write or contact: 

Juan L. Granados, M.D. 
OB/GYN Wake AHEC Director 
Wake Medical Center 
P.O. BOX 14465 
Raleigh, NC 27620-4465 
(919) 250-8535 


An Equal Opportunity/Affirmative Action Employer 


The Department of Obstetrics and Gynecology, 
University of Pennsylvania Medical Center, in- 
vites nominations and applications for the pos- 
ition of Profesor of Obstetrics and Gynecology 
in the School of Medicine and Director, Division 
of Gynecologic Oncology. Candidates must be 
board certified in Obstetrics and Gynecology 
and hold a certificate of special competence in 
Gynecologic Oncology from The American 
Board of Obstetrics and Gynecology, Inc. Can- 
didates must be eligible for medical licensure in 
Pennsylvania. Responsibilities include the 
leadership and continued development of a divi- 
sion and fellowship program committed to excel- 
lence in teching, research and patient care. De- 
monstrated research accomplishments and ex- 
cellent clinical skills are required. Salary 
negotiable. Applications and nominations 
should include a current curriculum vitae and 
names and addresses of three references. They 
should be submitted to: . 

Michael T. Mennuti, M.D. 

Professor and Chairman 
Department of Obstetrics and Gynecology 
Hospital of the University of Pennsylvania 

3400 Spruce Sireet, 4 Gibson Building 
Philadelphia, PA 19104-4283 
Telephone: (215) 662-3234 


The University of Pennsylvania is an equal opportunity/ 
affirmative action employer. 


THE UNIVERSITY OF TEXAS 
SOUTHWESTERN MEDICAL CENTER AT DALLAS 


OBSTETRICS & GYNECOLOGY FACULTY POSITIONS 


GENERALIST IN OB-GYN 

Full and part-time positions available to qualified applicants who 
have completed an accredited residency in Ob-Gyn and are 
eligible for Texas licensure. Responsibilities will include the 
clinical care of women at Parkland Memorial Hospital and the 
Maternal Health and Family Planning Clinics as well as graduate 
and undergraduate teaching. 


GYNECOLOGIC ONCOLOGY 

Full time positions available to qualified applicants with special 
interest or expertisa in molecular biology who have completed 
an accredited residency and Fellowship in Gynecologic Oncoi- 
ogy and are eligible for Texas licensure. Responsibilites will 
include patient care including surgery and chemotherapy of 
gynecologic cancers; graduate and undergraduate teaching; 
research opportunities and participation in departmental con- 
tinuing medical education efforts. 


MATERNAL-FETAL MEDICINE/ 
REPRODUCTIVE ENDOCRINOLOGY 
Full time positions available to qualified applicants who have 
completed an accredited residency and a 2-year Fellowship in 
either Maternal Fetal Medicine or Reproductive Endocrinology 
and are eligible for Texas licensure. Responsibilities willl include 
patient care; graduate and undergraduate teaching: research 
opportunities and participation in departmental continuing med- 
ical education efforts, 
Salary and academic rank commensurate with curriculum vitae 
and experience. 
interested persons send curriculum vitae to: F. Gary Cunnin- 
gham, M.D., Professor and Chairman, Department Ob-Gyn, 
The University oi Texas Southwestern Medical Center at Dallas, 
5323 Harry Hines Boulevard, Dallas TX 75235-9032. 

AN EQUAL OPPORTUNITY EMPLOYER 


e Critical care in obstetrics, ultrasound, and prenatal diagnosis 
° Board eligibility o or certification į in Maternal Fetal Medicine 


Guarriaken Vitae should be sent to: 


Baha M. Sibai, M.D. 

Professor and Chief 

Maternal Fetal Medicine Division 
Department of Obsictrics & Gynecology 
University of Tennessee, Memphis 

853 Jefferson Avenue, Room E-102 
Memphis, Tennessee 38103 
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THE DEPARTM ENT OF OBSTETRICS AND GYNECOLOGY ` 


UNIVERSITY OF WISCONSIN MEDICAL SCHOOL 


is seeking applicants for two (2) full-time faculty positions for a 


new women's health center and academic progran at its Milwaukee © 


Clinical Campus. 


Sinai Samaritan Medical Center has recently soso idated its obstet- 
rical and gynecolcgical services in a redesigned facility in downtown. 


Milwaukee. The department supports a residency program, the’ ` 


largest perinatal service in Wisconsin (5500 deliveries), consultative 


| _: ultrasound, genetic and infectious disease programs, and reproduc-’ 


tive/endocrine- ‘services (including an IVF prcgram). -The department, 
is affiliated with Planned Parenthood of Wisconsin and St. LOKE S 
Medical Center in Milwaukee. 


Qualifications includea board candidacy or certification in obstetrics: 
and gynecology and a commitment to teaching residents, medical 


‘students, and clinical research. Qualifications for the two positions — 


for GENERAL OB/GYN can take into consideration special individual 
interests. Special expertise of interest for the department are: -` 


— STATEWIDE FAMILY PLANNING 
(Part-time medical. director, Plannad Parenthood) 

— OPERATIVE LAPAROSCOPY, HYSTEROSCOPY E 

—UROGYNECOLOGY 

—0B/GYN ULTRASOUND . 
Private practice: opportunities are also available | in an associated’ 
offsite. multispecialty clinic and alf faculty nembers participate in: 
“a.group practice at the institution. Contact: 
Chester B. Martin, M.D. -Fredrik F. Broekhuizen, M.D. 
Chairman... Chairman end-Chief 
r Department of Obstetrics and Milwaukee Campus. 
Gynecology. .* Departmen: of Obstetrics/ - 
University of Wisconsin Gynecology — 

Medical Schl. ° University of Wisconsin 

600 Highland Avenue, Medical Schl. 


H4/654 CSC *--& - Sinai Samaritan Medical Center F 


Madison, WI 53792 . > 2000 West Kilbourn Avenue - 
wi l Milwaukee, WI. 53233 
(414) 937-3600 


The hoe of Wisconsin Medical School is an equal opportunity ample 


© CHAIRPERSON. 


Thè State University of New York 


Heälth Science Center at Syracuse, 
. New York is recruiting for a Chairper- 


son for the Department of Obstetrics 


and Gynecology. The individual must 


be ah M.D., board certified in OB/ 


GYN, New York State Licensed, pos- 
sess a well established reputation as 
investigator and teacher. Send Cur- 
riculum Vitae and three references to: 


Richard R. Gacek, M.D. 
Professor and Chairman. 

_ Department*of Otolaryngology and 
Chairman OB/GYN Search Committee 
SUNY Health Science Center at Syracuse 
-750 East Adams Street 
x Syracuse, New York 13210 


~. SUNY Health. Science Center at ER 
is an equal opportunity employer. 


P, 
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Maternal-Fetal Medicine Faculty 


ne Department of Obstetrics and Gynecology 


University of Medicine and Dentistry of 
| New Jersey 
_ Robert Wood Johnson Medical School 


. Three Positions Available 
The Department of. Obstetrics and Gynecology of the 


‘UMDNJ-Robert Wood Johnson Medical School invites 


applications for three full-time faculty positions as Spe- 


 cialists in Maternal-Fetal Medicine., Candidates should 
- be board certified or eligible in Maternal Fetal Medicine. ` 


The positions involve academic practice; graduate and 


‘- undergraduate medical education, and clinical and/or lab- 
. oratory research. 


The Division is located at St. Peter's Medical Center 
which has the largest obstetrical and neonatal program 


in the State. MFM Fellowship approved. Four MFM spe- 
cialists, four sonographers, a geneticist, two research 


_ nurses and one epidemiologist/biostatistician are cur- 


rently in the Division. Academic Rank and competitive 


`- Salary commensurate with level of veers and qual- 


ification. 


` Send inquiries and curriculum vitae to: 


Robert A. Knuppel, M.D., M.P.H. 

. Professor. and Chairman 
Department. of Obstetrics and Gynecology - 
UMDNu-Roébert Wood Johnson Medica! School 
One Robert Wood Johnson Place-CN 19. 
New Brunswick, New Jersey 08903-0019 ` 


`The UMDNJ is an Affirmative Action/Equal Opportunity Employer . 
_M/F/HMV and a member of the University Health System of New Jersey 


~ CHAIRMAN 
‘DEPARTMENT OF 


| OBSTETRICS/GYNECOLOGY 


Saint Joseph Hospital and Health Care 


: Center, a 497 bed hospital, affiliated with 


Northwestern Medical School, seeks.a full 
time Chairman for its Department of OB/ 
Gyne. The Senior attending, Board Cer- 


‘tified candidate will direct the department 
and residency program in Obstetrics and 


Gynecology, expand its services and as- 


sure quality patient care. Demonstrated 


accomplishments in medical education 
and administration are esseniial. 


Submit a C.V. to: 


P.C. Williams, M.D., Chairman 
_ Search Committee 
Saint Joseph Hospital and 

Health Care Center 

2900 North Lake Shore Drive 

Chicago, IL. 60657 





NA Ye Book 


Provide vital iiiormation 

to those who need it most... 
with article reprints from sy 
Mosby-Year Book periodicals 





Article reprints are your best means of 
distributing the information published in 
Mosby-Year Book’s medical, dental, 
and nursing periodicals. These papers 
will enhance the value of your informa- 
tion programs. 


Not just for authors, reprints are an effec- 
tive tool for health care professionals, 
sales and marketing staffs, and 
advertisers. 


Use reprints to: 


e Train and educate your sales and 
marketing staff 


e Support your seminar topic — 


e Inform your health care staff of new 
developments — | 


+ Reach your product users with 
vital information 


Article reprints. . . another valuable 
service from Mosby-Year Book. 


Orders (minimum of 400 copies) of all 
previous and future articles in 
Mosby-Year Book periodicals are 
available from the Publisher. 


t ‘. 


For more information, contact: 
Mosby-Year Book, Inc. | 

Atin: Journal Reprint Department 
41830 Westline Industrial Drive 

St. Louis, MO 63146 U.S.A. 


(314) 872-8370 


In the U.S., call toll-free: 1-800- SETUL 


Fax: 314-432-1380 


MATERNAL/FETAL SPECIALIST 


AND 


OBSTETRICIAN/GYNECOLOGIST 


A renowned regional medical center 
in southwestern Virginia has two fac- 
ulty positions available for an OB/GYN 
and a MATERNAL/FETAL specialist. 


Selected candidate can expect a 
strong compensation package and ex- 
cellent benefits. located near the Blue 


. Ridge Parkway, this All-American City 


of 250k combines a mix of rural beauty 
with an urban lifestyle. Call Sandy 
Cundiff at 800 683-0259 or FAX C.V. 
to The Paxton Group at 804 626-0651. 





: OPPORTUNITY AVAILABLE 
DISPLAY ADVERTISING 


1992 Rates Per Insertion 
t/4page . 1/2 page 
Ttimerate $600.00 © $850.00 
3timerate . $595.00 $840.00 


CLOSING DATE: 10th of month preceding 
month of issue 


Forward ads to: 
THE AMERICAN JOURNAL OF -~ 


OBSTETRICS. AND GYNECOLOGY 
. Journal Advertising Department 
Mosby-Year Book, Inc. 
11830 Westline Industrial Drive 
. ot. Louis, MO 63146 _ 
(314)- )-872-8370 


M Mosb y` 

Year Book 
Dedicated to Publishing Excellence 

Please call the Journal Advertising Department for 


advertising production charges 5 e. type, fiim from 
camera ready art.) 
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21- and 28-day regimens 


ORTHO-NOVUM/ 77. 


norethindrone/ethinyl estradiol 


Each white tablet contains 0.5 mg norethindrone and 0.035 mg ethinyl estradiol. Each light peach tablet 
contains 0.75 mg norethindrone and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg noreth- 
indrone and 0.035 mg ethiny! estradiol. Each green tablet in 28-day regimen contains inert ingredients 


IMPORTANT NOTE—This information is a BRIEF SUMMARY of the compiete prescribing information 
— with the product and therefore should not be used as the basis for prescribing the product. 

is summary was prepared by deleting from the complete prescribing information certain text, tables 
and references. The physician should be thoroughly familiar with the complete prescribing information 
before prescribing the product. 


INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 

CONTRAINDICATIONS: Oral contraceptives should not be used in women who currently have the following 
conditions: 1. Thrombophlebitis or thromboembolic disorders. 2. A past history of deep vein thrombophle- 
bitis or thromboembolic disorders. 3. Cerebral vascular or coronary artery disease 4 Known or suspected 
carcinoma of the breast. 5. Carcinoma of the endometrium or other known or suspected estrogen-depen- 
dent neoplasia. 6. Undiagnosed abnormal genital bleeding. 7. Cholestatic jaundice of pregnancy or jaundice 
with prior pill use. 8. Hepatic adenomas or carcinomas 9 Known or suspected pregnancy. 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral contracep- 
tive use. This risk increases with age and with heavy smoking (15 or more cigarettes per day and 
is quite marked in women over 35 years of age. Women who use oral contraceptives should be 
strongly advised not to smoke. 














The use of oral contraceptives is associated with increased risks of several serious conditions including 
myocardial infarction, thromboembolism, stroke, hepatic neoplasia. and gallbladder disease, although the 
risk of serious morbidity or mortality is very small in healthy women without underlying risk factors. The 
risk of morbidity and mortality increases significantly in the presence of other underlying risk factors such 
as hypertension, hyperlipidemias, obesity and diabetes Practitioners prescribing oral contraceptives 
should be familiar with the following information relating to these risks. The information contained in this 
brief summary is principally based on studies carried out in patients who used oral contraceptives with 
higher formulations of estrogens and progestogens than those in common use today. The effect of long 
term use of the oral contraceptives with lower formulations of both estrogens and progestogens remains 
to be determined. Throughout this brief summary epidemiological studies reported are of two types: 
retrospective or case control studies and prospective or cohort studies. Case control studies provide a 
measure of the relative risk of a disease, namely a ratio of the incidence of a disease among oral contra- 
ceptive users to that among nonusers. The relative risk does not provide information on the actual clinical 
occurrence of a disease. Cohort studies provide a measure of attributable risk, which is the difference in 
the incidence of disease between oral contraceptive users and nonusers. The attributable risk does pro- 
vide information about the actual occurrence of a disease in the population. For further information, the 
reader is referred to a text on epidemiological methods. 1. THROMBOEMBOLIC DISORDERS AND OTHER 
VASCULAR PROBLEMS. a. Myocardial Infarction. An increased risk of myocardial infarction has been 
associated with oral contraceptive use. This risk is primarily in smokers or women with other underlying 
risk factors for coronary artery disease such as hypertension, hypercholesterolemia, morbid obesity, and 
diabetes. The relative risk of heart attack for current oral contraceptive users has been estimated to be two 
to six. The risk is very low under the age of 30. Smoking in combination with oral contraceptive use has 
been shown to contribute substantially to the incidence of myocardial infarctions in women In their 
mid-thirties or older with smoking accounting for the majority of excess cases. Mortality rates associated 
with circulatory disease have been shown to increase substantially in smokers, especially in those 35 
years of age and older among women who use oral contraceptives. Oral contraceptives may compound the 
effects of well-known risk factors, such as hypertension, diabetes. hyperlipidemias. age and obesity. In 
particular, some progestogens are known to decrease HDL cholesterol and cause glucose intolerance, 
while estrogens may create a state of hyperinsulinism Oral contraceptives have been shown to increase 
blood pressure among users (see section 9 in WARNINGS). Similar effects on risk factors have been 
associated with an increased risk of heart disease. Oral contraceptives must be used with caution in 
women with cardiovascular disease risk factors. b. Thromboembolism. An increased risk of thromboem- 
bolic and thrombotic disease associated with the use of oral contraceptives IS well established. Case 
control studies have found the relative risk of users compared to non-users to be 3 for the first episode of 
superficial venous thrombosis. 4 to 11 for deep vein thrombosis or pulmonary embolism, and 1.5 to 6 for 
women with predisposing conditions for venous thromboembolic disease. Cohort studies have shown the 
relative risk to be somewhat lower, about 3 for new cases and about 4.5 for new cases requiring hospital- 
ization. The risk of thromboembolic disease associated with oral contraceptives is not related to length of 
use and disappears after pill use is stopped. A two- to four-fold increase in relative risk of post-operative 
thromboembolic complications has been reported with the use of oral contraceptives. The relative risk of 
venous thrombosis in women who have predisposing conditions is twice that of women without such 
medical conditions. If feasible, oral contraceptives should be discontinued at least four weeks prior to and 
for two weeks after elective surgery of a type associated with an increase in risk of thromboembolism and 
during and following prolonged immobilization. Since the immediate postpartum period is also associated 
with an increased risk of thromboembolism, oral contraceptives should be started no earlier than four 
weeks after delivery in women who elect not to breast feed. c. Cerebrovascular diseases. Oral contracep- 
tives have been shown to increase both the relative and attributable risks of cerebrovascular events 
(thrombotic and hemorrhagic strokes), although. in general, the risk is greatest among older ( >35 years), 
hypertensive women who also smoke. Hypertension was found to be a risk factor for both users and 
non-users, for both types of strokes, and smoking interacted to increase the risk of stroke. In a large study, 
the relative risk of thrombotic strokes has been shown to range from 3 for normotensive users to 14 for 
users with severe hypertension. The relative risk of hemorrhagic stroke iS reported to be 1.2 for non- 
smokers who used oral contraceptives, 2.6 for smokers who did not use oral contraceptives. 76 for 
smokers who used oral contraceptives, 1.8 for normotensive users and 257 for users with severe hyper- 
tension. The attributable risk is also greater in older women. d. Dose-related risk of vascular disease from 
oral contraceptives. A positive association has been observed between the amount of estrogen and 
progestogen in oral contraceptives and the risk of vascular disease. A decline in serum high density 
lipoproteins (HDL) has been reported with many progestational agents. A decline in serum high density 
lipoproteins has been associated with an increased incidence of ischemic heart disease. Because estro- 
gens increase HDL cholesterol, the net effect of an oral contraceptive depends on a balance achieved 
between doses of estrogen and progestogen and the activity of the progestogen used in the contraceptive 
The activity and amount of both hormones should be considered in the choice of an oral contraceptive. 
Minimizing exposure to estrogen and progestogen Is in keeping with good principles of therapeutics. For 
any particular estrogen/progestogen combination, the dosage regimen prescribed should be one which 
contains the least amount of estrogen and progestogen that is compatible with a low failure rate and the 
needs of the individual patient. New acceptors of oral contraceptive agents should be started on prepara- 
tions containing 0.035 mg or less of estrogen. e. Persistence of risk of vascular disease. There are two 
studies which have shown persistence of risk of vascular disease for ever-users of oral contraceptives. In a 
study in the United States, the risk of developing myocardial infarction after discontinuing oral contracep- 
tives persists for at least 9 years for women 40-49 years who had used oral contraceptives for five or 
more years, but this increased risk was not demonstrated in other age groups. In another study in Great 
Britain, the risk of developing cerebrovascular disease persisted for at least 6 years after discontinuation 
of oral contraceptives, although excess risk was very small. However, both studies were performed with 
oral contraceptive formulations containing 50 micrograms or higher of estrogens 2. ESTIMATES OF 
MORTALITY FROM CONTRACEPTIVE USE. One study gathered data from a variety of sources which have 
estimated the mortality rate associated with different methods of contraception at different ages. These 
estimates include the combined risk of death associated with contraceptive methods plus the risk attribu- 
table to pregnancy in the event of method failure. Each method of contraception has its specific benefits 
and risks. The study concluded that with the exception of oral contraceptive users 35 and older who smoke 
and 40 and older who do not smoke, mortality associated with all methods of birth control is low and 
below that associated with childbirth. However, smokers 35 and older and non-smokers 40 and older who 
use oral contraceptives have a significant increase in mortality higher than those using other methods of 
birth control. These facts must be weighed in conjunction with failure rates for other methods and the risk 
associated with subsequent pregnancy. 3. CARCINOMA OF THE REPRODUCTIVE ORGANS. Numerous 


epidemiological studies have been performed on the incidence of breast, endometrial, ovarian and cervical 
cancer in women using oral contraceptives. While there are conflicting reports most studies suggest that 
use of oral contraceptives is not associated with an overall increase in the risk of developing breast cancer. 
Some studies have reported an increased relative risk of developing breast cancer, particularly at a 
younger age This increased relative risk appears to be related to duration of use. Some studies suggest 
that oral contraceptive use has been associated with an increase in the risk of cervical intraepithelial 
neoplasia in some populations of women. However, there continues to be controversy about the extent to 
which such findings may be due to differences in sexual behavior and other factors.4. HEPATIC NEOPLA- 
SIA. Benign hepatic adenomas are associated with oral contraceptive use, although the incidence of 
benign tumors is rare in the United States. Indirect calculations have estimated the attributable risk to be 
in the range of 3.3 cases/100,000 for users. a risk that increases after four or more years of use especially 
with oral contraceptives of higher dose. Rupture of benign, hepatic adenomas may Cause death through 
intra-abdominal hemorrhage. Studies from Britain have shown an increased risk of developing hepatocel- 
lular carcinoma in long-term (>8 years) oral contraceptive users However, these cancers are rare in the 
U.S. and the attributable risk (the excess incidence) of liver cancers in oral contraceptive users approaches 
less than one per million users. 5. OCULAR LESIONS. There have been clinical case reports of retinal 
thrombosis associated with the use of oral contraceptives. Oral contraceptives should be discontinued if 
there is unexplained partial or complete loss of vision; onset of proptosis or diplopia, papilledema, or 
retinal vascular lesions. Appropriate diagnostic and therapeutic measures should be undertaken immedi- 
ately. 6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY Extensive epidemiological 
studies have revealed no increased risk of birth defects in women who have used oral contraceptives prior 
to pregnancy. The majority of recent studies also do not indicate a teratogenic effect, particularly in so far 
as cardiac anomalies and limb reduction defects are concerned, when taken inadvertently during early 
pregnancy. The administration of oral contraceptives to induce withdrawal bleeding should not be used as 
a test for pregnancy. Oral contraceptives should not be used during pregnancy to treat threatened or 
habitual abortion. It is recommended that for any patient who has missed two consecutive periods 
pregnancy should be ruled out before continuing oral contraceptive use. If the patient has not adhered to 
the prescribed schedule. the possibility of pregnancy should be considered at the time of the first missed 
period. Oral contraceptive use should be discontinued until pregnancy is ruled out. 7 GALLBLADDER 
DISEASE. Earlier studies have reported an increased lifetime relative risk of gallbladder surgery in users of 
oral contraceptives and estrogens. More recent studies, however, have shown that the relative risk of 
developing gallbladder disease among oral contraceptive users May be minimal. The recent findings of 
minimal risk may be related to the use of oral contraceptive formulations containing lower hormonal 
doses of estrogens and progestogens. 8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS. Oral contra- 
ceptives have been shown to cause a decrease In glucose tolerance in a significant percentage of users. 
This effect has been shown to be directly related to estrogen dose. Progestogens increase insulin secre- 
tion and create insulin resistance, this effect varying with different progestational agents However, in the 
non-diabetic woman, oral contraceptives appear to have no effect on fasting blood glucose. Because of 
these demonstrated effects prediabetic and diabetic women in particular should be carefully monitored 
while taking oral contraceptives. A small proportion of women will have persistent hypertriglyceridemia 
while on the pill. As discussed earlier (see WARNINGS 1a and 1d), changes in serum triglycerides and 
lipoprotein levels have been reported in oral contraceptive users 9. ELEVATED BLOOD PRESSURE. An 
increase in blood pressure has been reported in women taking oral contraceptives, and this increase Is 
more likely in older oral contraceptive users and with extended duration of use. Data from the Royal 
College of General Practitioners and subsequent randomized trials have shown that the incidence of 
hypertension increases with increasing progestational activity. Women with a history of hypertension or 
hypertension-related diseases, or renal disease, should be encouraged to use another method of contra- 
ception. If women elect to use oral contraceptives, they should be monitored closely and if significant 
elevation of blood pressure occurs, oral contraceptives should be discontinued. For most women, elevated 
blood pressure will return to normal after stopping oral contraceptives, and there is no difference in the 
occurrence of hypertension between former and never users. 10. HEADACHE. The onset or exacerbation of 
migraine or development of headache with a new pattern which ıs recurrent, persistent or severe requires 
discontinuation of oral contraceptives and evaluation of the cause. 11. BLEEDING IRREGULARITIES. 
Breakthrough bleeding and spotting are sometimes encountered in patients on oral contraceptives, espe- 
cially during the first three months of use. Non-hormonal causes should be considered and adequate 
diagnostic measures taken to rule out malignancy or pregnancy in the event of breakthrough bleeding as in 
the case of any abnormal vaginal bleeding. If pathology has been excluded, time or a change to another 
formulation may solve the problem. In the event of amenorrhea, pregnancy should be ruled out. Some 
women may encounter post-pill amenorrhea or oligomenorrhea, especially when such a condition was 
preexistent. 12. ECTOPIC PREGNANCY. Ectopic as well as intrauterine pregnancy may occur in contracep- 
tive failures. PRECAUTIONS: 1. PHYSICAL EXAMINATION AND FOLLOW UP A complete medical history and 
physical examination should be taken prior to the initiation or reinstitution of oral contraceptives and at 
least annually during use of oral contraceptives. These physical examinations should include special 
reference to blood pressure, breasts, abdomen and pelvic organs, including cervical cytology, and relevant 
laboratory tests. In case of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate 
diagnostic measures should be conducted to rule out malignancy. Women with a strong family history of 
breast cancer or who have breast nodules should be monitored with particular care 2. LIPID DISORDERS. 
Women who are being treated for hyperlipidemias should be followed closely if they elect to use oral 
contraceptives. Some progestogens may elevate LDL levels and may render the control of hyperlipidemias 
more difficult. 3. LIVER FUNCTION. If jaundice develops in any woman receiving such drugs, the medica- 
tion should be discontinued. Steroid hormones may be poorly metabolized in patients with impaired liver 
function. 4. FLUID RETENTION. Oral contraceptives may cause some degree of fluid retention They should 
be prescribed with caution, and only with careful monitoring, in patients with conditions which might be 
aggravated by fluid retention. 5. EMOTIONAL DISORDERS. Women with a history of depression should be 
carefully observed and the drug discontinued if depression recurs to a serious degree 6. CONTACT 
LENSES. Contact lens wearers who develop visual changes or changes in lens tolerance should be 
assessed by an ophthalmologist. 7 DRUG INTERACTIONS. Reduced efficacy and increased incidence of 
breakthrough bleeding and menstrua! irregularities have been associated with concomitant use of rifam- 
pin. A similar association, though less marked, has been suggested with barbiturates, phenylbutazone, 
phenytoin sodium, and possibly with griseofulvin, ampicillin and tetracyclines. 8. INTERACTIONS WITH 
LABORATORY TESTS. Certain endocrine and liver function tests and blood components may be affected 
by oral contraceptives: a. Increased prothrombin and factors VII, VIII, IX, and X; decreased antithrombin 3, 
increased norepinephrine-induced platelet aggregability. b. Increased thyroid binding globulin (TBG) lead- 
ing to increased circulating total thyroid hormone, aS measured by protein-bound iodine (PBI), T4 by 
column or by radio-immunoassay. Free T3 resin uptake is decreased, reflecting the elevated TBG, free T4 
concentration is unaltered. c. Other binding proteins may be elevated in serum. d. Sex-binding globulins are 
increased and result in elevated levels of total circulating sex steroids and corticoids: however. free or 
biologically active levels remain unchanged. e. Triglycerides may be increased. f. Glucose tolerance may be 
decreased. g. Serum folate levels may be depressed by oral contraceptive therapy. This may be of clinical 
eee if a woman becomes pregnant shortly after discontinuing oral contraceptives 9. CARCINO- 
GENESIS. See WARNINGS section. 10. PREGNANCY. Pregnancy Category X. See CONTRAINDICATIONS and 
WARNINGS sections. 11. NURSING MOTHERS. Small amounts of oral contraceptive steroids have been 
identified in the milk of nursing mothers and a few adverse effects on the child have been reported, 
including jaundice and breast enlargement. In addition, oral contraceptives given in the postpartum period 
may interfere with lactation by decreasing the quantity and quality of breast milk. If possible, the nursing 
mother should be advised not to use oral contraceptives but to use other forms of contraception until she 
has completely weaned her child. INFORMATION FOR THE PATIENT: See Patient Package Insert. 
ADVERSE REACTIONS: An increased risk of the following serious adverse reactions has been associated 
with the use of oral contraceptives (see WARNINGS section). Thrombophlebitis and venous thrombosis 
with or without embolism. Arterial thromboembolism. Pulmonary embolism. Myocardial infarction. Cere- 
bral hemorrhage. Cerebral thrombosis. Hypertension. Gallbladder disease. Hepatic adenomas or benign 
liver tumors. The following adverse reactions have been reported in patients receiving oral contraceptives 
and are believed to be drug-related: Nausea. Vomiting. Gastrointestinal symptoms (such as abdominal 
cramps and bloating). Breakthrough bleeding. Spotting. Change in menstrual flow. Amenorrhea. Temporary 
infertility after discontinuation of treatment. Edema. Melasma which may persist. Breast changes: tender- 
ness, enlargement. secretion. Change in weight (increase or decrease). Change in cervical erosion and 
secretion. Diminution in lactation when given immediately postpartum. Cholestatic jaundice. Migraine. 
Rash (allergic). Mental depression. Reduced tolerance to carbohydrates. Vaginal candidiasis. Change in 
corneal curvature (steepening). Intolerance to contact lenses. The following adverse reactions have been 
reported in users of oral contraceptives and the association has been neither confirmed nor refuted: 
Pre-menstrual syndrome. Cataracts. Changes in appetite. Cystitis-like syndrome. Headache. Nervousness. 
Dizziness. Hirsutism. Loss of scalp hair Erythema multiform. Erythema nodosum Hemorrhagic eruption. 
LG oats Porphyria. Impaired renal function. Hemolytic uremic syndrome. Acne. Changes in libido. Colitis. 
OVERDOSAGE: Serious ill effects have not been reported following acute ingestion of large doses of oral 
contraceptives by young children. Overdosage may Cause nausea and withdrawal bleeding may occur in 
females. ORTHO 
ORTHO PHARMACEUTICAL CORPORATION y 
Raritan, New Jersey 08869-0602 
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Artist's enhancement of scanning electron microscopy: C albicans 24 hours posttreatment 
with butoconazole nitrate.* 


When you diagnose vulvovaginal candidiasis (VVC) 
FEMSTAT?® Prefill (butoconazole nitrate) Vaginal Cream 2% is clinically effective against a broad spectrum of 
important pathogens, including Candida albicans and other Candida species, such as C tropicalis. 





Artists enhancement of scanning electron microscopy: C albicans one week posttreatment 
with butoconazole nitrate.* 


Prescribe the efficacy of 3-day therapy* 
FEMSTAT achieves a microbiological cure rate of 95% with the original 3-day therapy’ that is not confirmed 
to be associated with flu-like symptoms. The most common complaint with the use of FEMSTAT in clinical 


trials was vulvar/vaginal burning (2.3%). 










(butoconazole nitrate) “eN = -S / 
3-day Rx control of VVC mAh! 


1. Droegemueller W, Adamson DG, Brown D, et al. Three-day treatment with butoconazole nitrate for vulvovaginal candidiasis. Obstet Gynecol. 
1984:64:530-534. *Micrographs on file, Syntex Laboratories, Inc. tIn pregnant patients (second and third trimesters only), cherapy should 
be extended to 6 days. Please see adjacent page for brief summary of prescribing information. © 1991 Syntex Laboratories, Inc. $13-12-196-91 
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BRIEF SUMMARY 


INDICATIONS: FEMSTAT® (butoconazole nitrate) 
vaginal cream 2% is indicated for local treat- 
ment of vulvovaginal mycotic infections caused 
by Candida species. Confirm the diagnosis by 
KOH smears and/or cultures. FEMSTAT can be 
used with oral contraceptives and antibiotics. It 
is effective in non-pregnant women and during 
the second and third trimesters of pregnancy. 


CONTRAINDICATIONS: FEMSTAT is contraindi- 
cated in patients hypersensitive to any of the 
ingredients. 


PRECAUTIONS: General: If clinical symptoms 
persist, repeat microbiological tests to rule out 
other pathogens and confirm the diagnosis. 
Discontinue drug if sensitization or irritation 
occurs. 


Information for the Patient: Do not discontinue 
prematurely during menstruation or because 
of symptomatic relief. 


Carcinogenesis: Animal studies have not 
been done. 


Mutagenesis: Mutagenicity studies were 
negative. 


Impairment of Fertility: Animal studies showed 
no impairment of fertility 


Pregnancy Category C: Adverse effects were 
noted in animals treated with high oral doses. 
No studies were done in women during first 
trimester. Patients in the second or third 
trimester have shown no adverse effects 
attributable to the drug. 


Nursing Mothers: Use with caution. 


Pediatric Use: Safety and efficacy have not 
been established. 


ADVERSE REACTIONS: Vulvar/vaginal burning 
in 2.3% of patients, vulvar itching in 0.9%, 
discharge, soreness, swelling, itching of fin- 
gers each in 0.2%. Complaints caused 1.6% 
to discontinue drug. 


DOSAGE AND ADMINISTRATION: Non-preg- 
nant Patients: The recommended dose is one 
applicatorful of cream (approximately 5 grams) 
intravaginally at bedtime for three days 
Treatment can be extended for an additional 
three days if necessary. 


Pregnant Patients (second and third trimesters 
only): The recommended dose is one applica- 
torful of cream (approximately 5 grams) 
intravaginally at bedtime for six days. 


CAUTION: 
Federal law prohibits dispensing without 
prescription. 


SYNTEX LABORATORIES, INC 
PALO ALTO. CA 94304 
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New! 
OFFICE GYNECOLOGY 


Morton A. Stenchever, MD; 

with 21 contributors. 

Most textbooks and journal articles focus on 

hospital based gynecology practices and are of little 

use to those working in the office or clinic. This 
book addresses your needs as a physician in the 
office setting. 

* Incorporates information and recommen-dations 
regarding patient expectations, technological 
advances, and economic and social changes. 

1992. 533 pages, 191 ills. (Book Code: 04817) 
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Incision sites for myomectomy can be a significant post-operative problem. 
Hemostatically difficult to control, they demand an adjuvant unaffected by the biological processes 
that occur following deperitonealization...The GORE-TEX Surgical Membrane. 


Performance by Design 


m Composed of the inert biomaterial, expanded polytetrafluoroethylene (e-PTFE) 
m Limits tissue attachment with an extremely small pore size 


Proven and Established 


m Long record of safety and effectiveness 
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Convenient 
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Folly, woodenheadedness, and the alluvial mind: Presidential address 1595 
Richard N. Bolton, MD 
Portland, Oregon 


Therapeutic donor insemination: A prospective randomized trial of 1597 
fresh versus frozen sperm i 
Leslee L. Subak, MD, G. David Adamson, MD, and Nancy L. Boltz, RNC 

Stanford and Palo Alto, California 


A prospective randomized trial of 57 women undergoing therapeutic donor insemination 
resulted in a 20.6% cycle fecundity with fresh sperm versus 9.4% with frozen (p < 0.03). 


Effect of controlled ovarian hyperstimulation on pregnancy rates after 1607 
intrauterine insemination 

Sheila J. DiMarzo, PhD, Joseph F. Kennedy, MD, Philip E. Young, MD, Stephen A. Hebert, MD, 

Dianne C. Rosenberg, MD, and Benito Villanueva, MD 

San Diego, California 


Intrauterine insemination after human menopausal gonadotropin stimulation yields a 
significantly higher pregnancy rate and monthly fecundability as compared with intrauterine 
insemination without ovulation induction or clomiphene treatment. 
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Percutaneous umbilical blood sampling: Results from a multicenter 1614 
collaborative registry 
Durlin E. Hickok, MD, MPH, Marlin Mills, MD, and the Western Collaborative Perinatal Group 


Seattle, Washington, and Phoenix, Arizona 


Percutaneous umbilical blood sampling is a safe and easily performed procedure, as 
demonstrated by collaborative multicenter study. 


Hysteroscopic myometrial biopsy: Its use in diagnosing adenomyosis 1619 
and its clinical application 

Arthur M. McCausland, MD 

Sacramento, California 


A hysteroscopic myometrial biopsy to diagnose adenomyosis is helpful in explaining 
menorrhagia and tailoring definitive therapy (ablation for minimal adenomyosis and 
hysterectomy for deep adenomyosis). 


Neonatal morbidity according to gestational age and birth weight from 1629 
five tertiary care centers in the United States, 1983 through 1986 


Patricia A. Robertson, MD, Susan H. Sniderman, MD, Russell K. Laros, Jr., MD, Ronald Cowan, MA, 
David Heilbron, PhD, Robert L. Goldenberg, MD, Jay D. Iams, MD, and Robert K. Creasy, MD 
San Francisco, California, Birmingham, Alabama, Columbus, Ohio, and Houston, Texas 


The incidence of major morbidities in 20,680 singleton live inborn neonates is presented by 
gestational age and birth weight. 
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e Less frequent dosing (gynecologic infection*: 
1-2 g q12h; prophylaxis: 1g as a single dose) helps 
reduce the chance of missed doses during your 
patient's care 


è Well established—more and more patients treated 
every day 


e Demonstrated efficacy,'2 long half-life, and sustained 
therapeutic concentrations? mean more confidence 
in coverage despite OR delays and prolonged 
procedures 


e Outstanding activity'*® against Neisseria 
gonorrhoeae, Escherichia coli, Bacteroides fragilis, 
and more...CDC-recommended for PID? and cost- 
effective 


For added assurance 


CEFOTAN... 





j (cefotetan disodium) 





*Please refer to product labeling for indicated organisms. 
tin vitro activity does not necessarily correlate with in vivo effectiveness. 


Please see adjacent page for brief summary of prescribing information. 
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For Intravenous or Intramuscular Use 
PLEASE SEE FULL PRESCRIBING INFORMATION FOR A COMPLETE DESCRIPTION. 
A BRIEF SUMMARY FOLLOWS. 


INDICATIONS AND USAGE 
TREATMENT 

CEFOTAN is indicated for the therapeutic treatment of the following infections when caused by 
susceptible strains of the designated organisms: 

Urinary Tract Infections caused by £. coli, Klebsiella species (including K. pneumoniae), Proteus 
mirabilis, and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 

Lower Respiratory Tract Infections caused by Streptococcus pneumoniae (formerly D. pneumoniae), 
Staphylococcus aureus (penicillinase- and pongaiciinase-prodocing strains), Haemophilus influenzae 
(including ampicillin-resistant strains), Klebsiella species (including K. pneumoniae), E. coli, Proteus 
mirabilis, and Serratia marcescens*. 

Skin and Skin Structure Infections due to Staphylococcus aureus (penicillinase- and nonpenicillinase- 
producing strains), Staphylococcus epidermidis, Streptococcus pyogenes, Streptococcus species (excluding 
enterococci), Escherichia coli, Klebsiella pneumoniae, Peptococcus niger*, Peptostreptococcus species. 

Gynecologic Infections caused by Staphylococcus aureus (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus species (excluding enterococci), 
Streptococcus agalactiae, E. cali, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species 
(excluding B. distasonis, B. ovatus, B. thetaiotaomicron), Fusobacterium species*, and gram-positive 
anaerobic cocci (including Peptococcus niger and Peptostreptococcus species). 

Cefotetan, like other cephalosporins, has no activity against Chlamydia trachomatis. Therefore, when 
cephalosporins are used in the treatment of pelvic inflammatory disease, and C. trachomatis is one of the 
suspected pathogens, appropriate antichlamydial coverage should be added. 

intra-abdominal Infections caused by E. coli, Klebsiella species (including K. pneumoniae), Streptococcus 
species (excluding enterococci), Bacteroides species (excluding B. distasonis, B. ovatus, B. thetaiotaomicron) 
and Clostridium species”. 

Bone and Joint Infections caused by Staphylococcus aureus* 

“Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtainec in order to isolate and identify causative 
organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted before results 
of susceptibility studies are known; however, once these results become available, the antibiotic treat- 
ment should be adjusted accordingly. 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro against many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity of 
the infection and the patient's condition. 

NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
ee may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
PROPHYLAXIS 

The preoperative administration of CEFOTAN may reduce the incidence of certain postoperative 
infections in patients undergoing surgical procedures that are classified as clean contaminated or 
potentially contaminated (e.g., cesarean section, abdominal or vaginal hysterectomy, transurethral 
surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord. 

lf there are signs and symptoms of infection, specimens for culture should be obtained for identification 
of the causative aren so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
at aani is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 

BEFORE THERAPY WITH CEFOTAN IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO 
DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO 
CEFOTETAN DISODIUM, CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. IF THIS PRODUCT IS TO 
BE GIVEN TO PENICILLIN-SENSITIVE PATIENTS, CAUTION SHOULD BE EXERCISED BECAUSE CROSS- 
HYPERSENSITIVITY AMONG BETA-LACTAM ANTIBIOTICS HAS BEEN CLEARLY DOCUMENTED AND MAY 
OCCUR IN UP TO 10% OF PATIENTS WITH A HISTORY OF PENICILLIN ALLERGY. IF AN ALLERGIC 
REACTION TO CEFOTAN OCCURS, DISCONTINUE THE DRUG. SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE TREATMENT WITH EPINEPHRINE AND OTHER EMERGENCY MEASURES, 
INCLUDING OXYGEN, INTRAVENOUS FLUIDS, INTRAVENOUS ANTIHISTAMINES, CORTICOSTEROIDS, 
PRESSOR AMINES AND AIRWAY MANAGEMENT, AS CLINICALLY INDICATED. 

Pseudomembranous colitis has been reported with nearly all antibacterial agents, including 
cefotetan, and may range from mild to life-threatening. Onset of pseudomembranous colitis symptoms 
may occur during or after antibiotic treatment or surgical prophylaxis. Therefore, it is important to 
consider this diagnosis in patients who present with diarrhea subsequent to the administration of 
antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon and may permit overgrowth of 
clostridia. Studies indicate that a toxin produced by Clostridium difficile is a primary cause of “antibiotic- 
associated colitis.” 

After the ii hesena of pseudomembranous colitis has been established, therapeutic measures should 
be initiated. Mild cases of pseudomembranous colitis usually respond to discontinuation of the dru 
alone. In moderate to severe cases, consideration should be given to management with fluids and elec- 
trolytes, protein supplementation, and treatment with an oral antibacterial drug effective against 
Clostridium difficile. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity and, possibly, subsequent bleeding. Those at increased risk include patients with 
renal or hepatobiliary impairment or poor nutritional state, the elderly, and patients with cancer. Pro- 
thrombin time should be monitored and exogenous vitamin K administered as indicated. 

PRECAUTIONS 

General: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 

Information for Patients: As with some other cephalosporins, a disulfiram-like reaction characterized 
by flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, etc.) is ingested 
within 72 hours after CEFOTAN administration. Patients should be cautioned about the ingestion of 
alcoholic beverages following the administration of CEFOTAN. 

Drug Interactions: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
alone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. A 

Drug/Laboratory Test Interactions: The administration of CEFOTAN may result in a false-positive 
reaction for glucose in the urine using Clinitest®t, Benedict's solution, or Fehling’s solution. It is 
recommended that glucose tests based on enzymatic glucose oxidase be used. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of serum 
and urine creatinine levels by Jaffe reaction and produce false increases in the levels of creatinine reported. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Although long-term studies in animals have not 
been performed to evaluate carcinogenic potential, no mutagenic potential of cefotetan was found in 
standard laboratory tests. 
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CEFOTAN.. 


(cefotetan disodium! 


Available in 1-gram and 2-gram vials 


Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analogous to late childhood and propuvedy in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics and impaired fertility has been reported, particularly at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. 

Pregnancy: Teratogenic Effects. Pregnancy cman B: Reproduction studies have been performed in” 
rats and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies 
in pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 

Nursing Mothers: Cefotetan is excreted in human milk in very low concentrations. Caution should be 
exercised when cefotetan is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIO 

In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. Those 
a ch, in italics have been reported during postmarketing experience. 

Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700); pseudomembranous colitis. Onset of pseudomembranous colitis symptoms may occur 
during or after antibiotic treatment or surgical prophylaxis. (See WARNINGS.) 

Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 
200), positive direct Coombs test (1 in 250), and thrombocytosis (1 in 300); agranulocytosis, hemolytic 
anemia, leukopenia, thrombocytopenia, and prolonged prothrombin time. 

Hepatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

Hypersensitivity reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 
(1 in 700); anaphylactic reactions. 

Local effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). 

Miscellaneous: Fever 

In addition to the adverse reactions listed above which have been observed in patients treated with 
cefotetan, the following adverse reactions and altered laboratory tests have been reported for cephalo- 
sporin-class antibiotics: urticaria, pruritis, Stevens-Johnson syndrome, erythema multiforme, toxic epidermal 
necrolysis, vomiting, abdominal pain, colitis, superinfection, vaginitis including vaginal candidiasis, renal 
dysfunction, toxic nephropathy, hepatic dysfunction including cholestasis, aplastic anemia, hemorrhage, 
increased BUN, increased creatinine, elevated bilirubin, pancytopenia, and neutropenia. 

Several cephalosporins have been implicated in trig E seizures, particularly in patients with renal 
impairment when the dosage was not reduced (see DOSAGE AND ADMINISTRATION and OVERDOSAGE). 
lf seizures associated with drug therapy occur, the drug should be discontinued. Anticonvulsant therapy 
can be given if clinically indicated. 

DOSAGE AND ADMINISTRATION 
TREATMENT 

The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intramuscularly 
every 12 hours for 5 to 10 days. Proper dosage and route of administration should be determined by the 
condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 
1 or 2 g every 24 hours IV or IM 
1 or 2 g every 12 hours IV or IM 
Skin & Skin Structure 
Mild-Moderate@ 2 grams 2 g every 24 hours IV 
1 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Other Sites 2-4 grams 1 or 2g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6 grams 3 g every 12 hours IV 


z ay r A skin and skin structure infections should be treated with 1 or 2 grams every 12 hours 
or IM. 

b Maximum daily dosage should not exceed 6 grams. 

If C. trachomatis is a suspected pathogen in gynecologic infections, appropriate antichlamydial 
one should be added, since cefotetan has no activity against this organism. 
PROPHYLAXIS 

To prevent postoperative infection in clean contaminated or potentially contaminated surgery in adults, 
the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 30 to 60 minutes 
prior to surgery. In patients undergoing cesarean section, the dose should be administered as soon as 
the umbilical cord is clamped. 
IMPAIRED RENAL FUNCTION 

When renal function is impaired, a reduced dosage schedule must be employed. See FULL PRESCRIBING 
INFORMATION for a complete description. 
NOTE: Parenteral drug products should be inspected visually for particulate matter and discoloration 
prior to administration whenever solution and container permit. 
Clinitest®t is a registered trademark of Ames Division, Miles Laboratories, Inc. 


References: 1. Walker CK, Landers DV, Ohm-Smith MJ et al. Comparison of cefotetan plus line with cefoxitin 
plus doxycycline in the inpatient treatment of acute salpingitis. Sex Trans Dis. 1991;18:119-123. 2. McGregor JA, Gordon SF 
Krotec J, Poindexter AN. Results of a randomized, multicenter, comparative trial of a single dose of cefotetan versus multiple 
doses of cefoxitin as prophylaxis in cesarean section. Am J Obstet Gynecol. 1988;158:701-706. 3. Carver P Quintiliani R, 
Nightingale CH. Comparative pharmacokinetic study of cefotetan and cefoxitin in healthy volunteers. /nfect Surg. April 
1986(suppl):11-14. 4. Ohm-Smith MJ, Sweet RL, Hadley WK. In vitro activity of ne and other antimicrobial 

nital tract. Antimicrob Chemother 1985;27:958-960. 5. Data on file, 


cefotetan compared with that of other antimicrobial agents against anaerobic bacteria. Antimicrob Ageni 

1988;32:601-604. 8. Hennessey TD. Cefotetan: a compilation of susceptibility data of clinical isolates. In: Lode H, Periti P 
Strachan CJL, eds. Cefolefan: A Long-Acting Antibiotic for Polymicrobial Infections. New York, NY: Churchill Livingstone; 
1985:14-22. 9. Centers for Disease Control. 1989 sexually transmitted diseases treatment guidelines. MMWR. 
1989;38(suppl S-8):1-43. 
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Deoxyribonucleic acid analysis by flow cytometry of uterine 
leiomyosarcomas and smooth muscle tumors of uncertain malignant 
potential 

William A. Peters III, MD, Donald R. Howard, MD, PhD, Willie A. Andersen, MD, and 
David C. Figge, MD 

Seattle, Washington, and Charlottesville, Virginia 


Proliferative rate rather than ploidy status is best correlated with survival in patients with 
leiomyosarcoma or smooth muscle tumors of uncertain malignant potential. 


The utility of immunocytochemistry in invasive adenocarcinoma of the 
cervix 


Hisham K. Tamimi, MD, Allen M. Gown, MD, Jessie Kim-Deobald, MD, David C. Figge, MD, 


Benjamin E. Greer, MD, and Joanna M. Cain, MD 
Seattle, Washington 


Vimentin expression was consistently negative in patients with invasive adenocarcinoma of the 
cervix, and immunocytochemistry might be of benefit in evaluating such patients. 


Advanced epithelial ovarian carcinoma: Long-term survival experience 
at the community hospital 
Ronald F. Unzelman, MD 


Santa Rosa, California 


Survival of community hospital-treated advanced ovarian cancer patients can be improved; 
early diagnosis, platinum-based chemotherapy, and cytoreduction to minimal disease are the 
contributing factors. 


Brachial plexus palsy: An old problem revisited 
Raymond J. Jennett, MD, Theodore J. Tarby, MD, and Carol J. Kreinick, MA 
Phoenix, Arizona 


Brachial plexus palsy, which is commonly attributed to birth trauma, may occur as an 
intrauterine event. 


Modified retropubic cystourethropexy Il 
John A. Goodno, Jr., MD, and Thomas W. Powers, MD 
Arcadia, California 


Modified retropubic cystourethropexy was performed on 135 patients with urinary stress 
incontinence; a clinical success rate of 91.5% was achieved. 


The physiologic mechanisms of variable decelerations 
Robert H. Ball, MD, and Julian T. Parer, MD, PhD 
San Francisco, California 


The asphyxial effect of variable decelerations may depend on whether the cause is umbilical 
cord compression or an independent vagal reflex. 
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Elective induction versus spontaneous labor: A retrospective study of 1690 
complications and outcome 

James A. Macer, MD, Cynthia L. Macer, MD, and Linda S. Chan, PhD 

Pasadena, California 


When compared with spontaneous labor, elective induction of labor at term does not appear 
to pose an increased risk to the mother or her fetus in a carefully selected patient population. 


Tubal sterilization and risk of subsequent hospital admission for 1698 
menstrual disorders 

Kirk K. Shy, MD, Andy Stergachis, PhD, Louis G. Grothaus, MS, Edward H. Wagner, MD, 

Julia Hecht, PhD, and Garnet Anderson, PhD 

Seattle, Washington 


Sterilized women had more hospitalizations for menstrual disorders than nonsterilized women. 


Early amniocentesis: Outcome, risks, and technical problems at <12.8 1707 
weeks 
Frederick W. Hanson, MD, Frances Tennant, PhD, Stacy Hune, MS, and Karen Brookhyser, MS 


Davis, California 


Ultrasonographically guided amniocentesis at 12 weeks is a viable option for patients desiring 
earlier prenatal diagnosis. 


TRANSACTIONS OF THE FIFTY-NINTH ANNUAL MEETING OF THE 
CENTRAL ASSOCIATION OF OBSTETRICIANS AND 
GYNECOLOGISTS 


Suffer the little children: Presidential address 1712 
James P. Youngblood, MD 
Kansas City, Missouri 


Anatomic aspects of vaginal eversion after hysterectomy 1717 
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identify Material and Methods, Results, and Comment. 
Authors may wish to summarize their findings in a short 
paragraph at the end of the Comment section. This format 
may not be appropriate for some types of articles. 

In the introduction, state concisely the purpose and 
rationale for the study and cite only the most pertinent 
references as background. 

In the Material and Methods section describe briefly 
(but in sufficient detail to permit other workers to repeat the 
study) the plan, the patients, experimental animals or other 
species, material, and controls, the methods and procedures 
utilized, and the statistical method(s) employed. 

In the Results section present the detailed findings. In- 
clude mentions of all tables and/or figures. Figures and 
tables should supplement, not duplicate, the text; presen- 
tation of data in either one or the other will suffice. Em- 
phasize only your important observations; do not compare 
your observations with those of others. Such comparisons 
and comments are reserved for the Comment section. 

In the Comment section state the importance and 
significance of your findings but do not repeat the details 
given in the Results section. Limit your opinions to those 
strictly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 
presented in this section. 

Acknowledgments. Acknowledge only persons who 
have made substantive contributions to the study. 

References. A reasonable number (25) is allowed, ex- 
cept in case reports and brief communications (limited to 2) 
and in manuscripts for the Current Development section 
(for which there is no limit). Number references consecu- 
tively in the order in which they are mentioned in the text. 
Use the format of the “Uniform Requirements for Manu- 
scripts Submitted to Biomedical Journals” (Vancouver 
style) (N Engl J Med 1991;324:424-8). Journal titles 
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should conform to abbreviations used in Cumulated Index 
Medicus. 


Examples (if six or fewer authors, list all; if seven or 
more authors, list three then et al.): 


JOURNAL: Flamm BL, Dunnett C, Fischermann E, Quil- 
ligan EJ. Vaginal delivery following cesarean section: use 
of oxytocin augmentation and epidural anesthesia with 
internal tocodynamic and internal fetal monitoring. AM 
J OBSTET GYNECOL 1984;148:759-63. 


Books: Ledger WJ. Dystocia and prolonged labor. In: 
Wilson JR, Carrington ER, eds. Obstetrics and gynecol- 
ogy. St. Louis: CV Mosby, 1987 vol 8:474-93. 


Personal communications and unpublished data, if 
essential, may be used but not as numbered references. If 
they are used, they are to be referred to, within parenthe- 
ses, at the appropriate location in the text. If used, the 
author(s) must obtain written and signed permission for 
their use from the individual being quoted. This signed 
permission must accompany the manuscript when it is 
submitted to the Editor. Published abstracts can be used as 
numbered references; however, reference to the complete 
published article is preferred. 

Figures. The term figure includes all types of illustra- 
tions such as graphs, diagrams, photographs, flow charts, 
and line drawings. A reasonable number of figures will be 
reproduced without charge, but special arrangements must 
be made with the Editors for color figures at an additional 
charge to the author. The quoted charge is per page of color, 
and as many as eight color figures can be included on one 
page if the color balance is appropriate. 

Figures must be cited consecutively in the text in Arabic 
numerals and identified with a gummed label on the back 
of the figure with author(s) name(s), title of article, figure 
number, and top marked clearly. Consistency in size within 
the article is strongly preferred. Any special instructions 
regarding sizing should be clearly noted. Do not use paper 
clips or mar the surface of figures in any way. Figures will 
be returned only on request by the author. 

For black-and-white figures, submit three sets of 3 X 4 
inch (minimum) to 5 X 7 inch (maximum) unmounted, 
glossy prints. All lettering must be done with commercially 
available paste-on letters (or numbers) or by a professional; 
typed or freehand lettering is not acceptable. All lettering 
must be in proportion to the drawing, graph, or photograph. 





For color figures submit original transparencies and two 
sets of unmounted prints on glossy (smooth surface) paper. 
Polaroid prints are not acceptable. Color transparencies 
must have a color balance (consistency in lighting and film 
speed) that is acceptable to the author and Editors before 
acceptance for publication. Please note that 35 mm trans- 
parencies are enlarged to twice their original size. If it is 
important to deviate from this standard, please so indicate 
when the material is submitted. The top, first author’s last 
name, and figure number must be indicated on the front of 
each transparency and the back of each print. 

Computer-generated figures must be legible and clearly 
printed in jet black ink on heavy coated paper with either 
a glossy or dull finish. Any patterns or shadings must be 
dark enough for reproduction and must be distinguishable 
from each other. Lines, symbols, and letters should be both 
smooth and complete. The legend should not appear on the 
figure. On the back of each figure the name of the first 
author and the figure number should be given and the top 
indicated. Three original individual laser or plotter prints 
are to be submitted unmounted with the manuscript. Laser 
prints should be full size at 300 dots per inch (DPI) or 
greater full-page resolution; multiple illustrations on a page 
cannot be accepted. Dot matrix prints and photographic 
halftones are not acceptable. Color figures are acceptable, 
but special arrangements must be made with the Editors. 
The colors used must be dark enough and of sufficient 
contrast for reproduction. With the exception of fluorescent 
colors, all colors can be reproduced in four-color figures. The 
preparation and submitting of color prints should fol- 
low the preceding guidelines for black-and-white computer- 
generated illustrations. 

Legends to figures. Legends for all figures must be 
typed together in numeric order double-spaced on one sheet 
of paper (or more if necessary) separate from the text of the 
manuscript. This page must be numbered in sequence after 
the references. Titles should be included in the legend, not 
on the print. Original magnifications should be provided. If 
a figure has been taken from copyrighted material, the 
legend must give full credit to the original source. 

Tables. Tables should be typed on separate sheets of 
paper, one table to a page, and included at the end of the 
text. They should be numbered in Roman numerals. Each 
table must be cited in sequence at an appropriate point in 
the text. Titles should be brief yet indicate clearly the pur- 
pose or content of each table, and each column should be 
precisely defined by headings. Abbreviations and special 
designations should be explained in a footnote to the table. 
If a table or any part thereof has been taken from copy- 
righted material, a footnote to the table must give full credit 
to the original source. Arrangements must be made with the 
Editors for elaborate tables because of space limitations. 

Permissions. Direct quotations, tables, or figures that 
have appeared in copyrighted material must be accompa- 
nied by written permission for their use from the copyright 
owner and original author along with complete reference 
information. Photographs of identifiable persons must be 
accompanied by signed releases. If not, all recognizable 
features must be masked. 

Requirements for certain types of manuscripts 

Case reports and brief clinical and basic science 
communications. Limit of 700 words, 2 references. In- 
clude standard abstract format, of 50 words maximum, 3 to 
5 key words/phrases for indexing purposes, and short title. 
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If tables and/or figures are used, an equivalent number of 
words must be deducted from the total (see “Estimating 
Length of Manuscript”). 

Current Investigation. Same requirements as for reg- 
ular article. The abstract must follow the structured for- 
mat. 

Clinical Opinion. Limit of 3000 words. Include stan- 
dard abstract format of 50 to 150 words, 3 to 5 key words/ 
phrases, and short title. Submit to Dr. Zuspan. 

Current Development. Limit of 6000 words. Include 
standard abstract format of 50 to 150 words, 3 to 5 key 
words/phrases, and short title. Submit to Dr. Zuspan. 

Letters to the Editors. Letters to the Editors must be 
submitted in duplicate, typed double-spaced, and the text of 
the manuscript must be limited to a maximum of 400 words 
(excluding references, name[s] and address[es] of the sign- 
er[s], and the phrase “To the Editors”). The submitted 
Letter to the Editors must be accompanied by a signed 
copyright statement. If there are two or more signers of the 
Letter to the Editors, one of the authors may sign the 
copyright statement but must add to the statement the 
following: “I sign for and accept responsibility for releasing 
this letter on behalf of any and all cosigners.” These re- 
quirements apply to all types of Letters to the Editors. 
Letters should be sent to Dr. Zuspan. 

Two types of letters will be considered for publication. (1) 
A Letter to the Editors commenting on an article that has 
appeared in the JOURNAL should be brief and directly re- 
lated to the published article. The editorial staff reserves the 
right to shorten letters if necessary and to make minor 
editorial alterations without reference to the writer. Letters 
may be published together with a reply from the original 
author. If the original author does not respond, a notation 
indicating “Response declined” will be published. As space 
for letters is limited, only a selection of letters submitted 
may be published. (2) A brief case presentation or a short 
report of a pertinent observation in the form of a Letter to 
the Editors will be considered for publication. 

Announcements. Announcements of major meetings 
and other significant activities must be received at least 8 
weeks before the desired month of publication. All an- 
nouncements carry a charge of $60 U.S., and the fee must 
accompany the request to publish. Information will be lim- 
ited to title of meeting, date, place, and an address to obtain 
further information. Send announcements and payment, 
payable to this JOURNAL, to Kay G. Goehler, Senior Manu- 
script Editor, Journal Editing, Mosby—Year Book, Inc., 
11830 Westline Industrial Drive, St. Louis, MO 63146- 
3318. 

Books. Books received will be listed in the JOURNAL. 
They should be sent to Dr. Zuspan. No books will be re- 
turned. 

Reprints 

The corresponding author will receive a price schedule 
and order form at the time of publication. Reprints in 
quantities must be ordered from the Publisher with the 
author’s consent. 

Business communications 

Communications of a business nature and all advertising 
communications should be addressed to: Journal Publisher, 
Mosby-Y ear Book, Inc., 11830 Westline Industrial Drive, 
St. Louis, MO 63146-3318, or call Journal Advertising 
Production Manager (1-800-325-4177, ext. 4306, or 314- 
453-4306). 


CHECKLIST AND COPYRIGHT STATEMENT 


Both the checklist and the copyright statement forms must be completed and sent with each 
submitted manuscript. If not completed, these forms will be returned to the author for com- 


pletion. 


These items appear in each monthly issue of the JOURNAL. A photocopy may be used. An 
exposition of the requirements given in the checklist is in the Information for Authors, which 


is published in each issue of the JOURNAL. 


CHECKLIST 


General 

—The original and two copies of the manuscript are sub- 
mitted. 

—The completed checklist is enclosed. The assignment of 
copyright signed by all authors accompanies the manu- 
script. 

—Human experimentation has been approved by the local 
institution as stated in the Material and Methods section. 

—Guidelines for the care and use of nonhuman animals or 
other species approved by the institution have been fol- 
lowed as indicated in the Material and Methods section. 
The species is named in the title, abstract, key words, and 
Material and Methods section. 

—The covering letter with essential information is with the 
manuscript. 

— All elements of the manuscript are typed in English dou- 
ble-spaced on bond paper with l-inch margins at top, 
bottom, and sides. 

—A\ll pages are numbered in the following order: title page, 
condensation, structured or standard abstract, body of 
the text, acknowledgments only of persons who have 
made substantive contributions to the study, references, 
legends, and tables. 

—Signed, written permission from both the copyright 
holder and the original author for the use of tables, fig- 
ures, or quotations previously published and their com- 
plete references are enclosed with the manuscript. 

—Signed, written permission for the use of quotations of 
personal communications and unpublished data has been 
obtained from the person(s) being quoted and is enclosed. 


Authorship 

—In the covering letter that accompanies the submitted 
manuscript I/we have confirmed that all authors fulfilled 
both conditions required for authorship. 


Conflict of interest 

—In the covering letter that accompanies the submitted 
manuscript the commercial association of the author or 
of any coauthors that might pose a conflict of interest is 
described. 


Previous publications 

—Enclosed with the submitted manuscript are two reprints 
each of articles the author and/or some of the coauthors 
have previously published, have submitted for possible 
publication, or have in manuscript form dealing with 
same patients, same animals, same laboratory experi- 
ment, or same data, in part or in full, as those reported 
in the submitted manuscript. Further explanation is pro- 
vided in the covering letter that accompanies the sub- 
mitted manuscript. 

—Similarities, differences and explanation are provided in 
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the covering letter that accompanies the submitted 
manuscript. 


Reviewers 
—Names and addresses of three suggested reviewers are 
enclosed. 


Title page 

— These elements are given in the following sequence, and 
are typed double-spaced. 

— Title. 

— Author(s) name(s) and highest academic degree(s) are 
shown. 

—City(ies), state(s), and country other than United States 
in which the study was conducted are given. 

—The name(s) of the institution(s) section(s), division(s), 
department(s) in which the study was performed is pro- 
vided and the institutional affiliation(s) of the author(s) 
at the time of the study is indicated. 

—Acknowledgment of financial support is cited. 

—Name, address, business and home telephone numbers, 
and fax number of author to whom requests for reprints 
are to be sent are included. 

—If reprints will not be available, this has been stated on 
the title page. 

—If the corresponding author is different from the author 
to whom reprint requests are to be sent, his/her name, 
address, business and home telephone numbers, and fax 
number have been added. 

—At the bottom of the page, a running head not exceed- 
ing 52 characters (including word spaces) has been typed. 


Condensation 

—On a separate sheet of paper, page 2 of the manuscript, 
a single sentence limited to 25 words delineating the 
essential point(s) is typed double-spaced. 


Abstract and key words or short phrases 

— The abstract (structured or standard format) is typed 
double-spaced with required margins on page 3 headed 
by the title and author(s) name(s). Beneath the abstract 
3 to 5 key words or short phrases are typed. 

—A structured abstract, with 150 words or less, is submit- 
ted as required for regular articles, society regular-type 
articles, and Current Investigation articles. The abstract 
contains the four required major headings: Objective(s), 
Study Design, Results, and Conclusion(s), each with a 
brief adequate presentation. 

—A standard abstract is submitted as required for Clinical 
Opinion and Current Development articles with 50 to 150 
words and for case reports and brief communications 
articles with a maximum of 50 words, be they indepen- 
dent or society articles. 


References 

—Are typed double-spaced. 

—Are numbered consecutively in the order they are cited 
in the text. 

—The format of the “Uniform Requirements for Manu- 
scripts Submitted to Biomedical Journals” is used. Ex- 
amples shown in Information for Authors have been fol- 
lowed. 

—Personal communications and unpublished observations 
are not used as numbered references but are mentioned 
in the text with the written approval of the person being 
quoted. The signed approval is enclosed. 


Figures 

—Each is numbered with an Arabic numeral and cited in 
numeric sequence in the text. 

—Three sets of unmounted glossy prints for black-and- 
white figures are submitted, properly numbered, labeled, 
and top indicated on the back of each print. 


—Three sets of original computer-generated figures printed 
on heavy coated paper with either a glossy or dull finish, 
unmounted, each one on a page, and properly labeled on 
the back and top indicated are submitted. None are dot 
matrix or photographic prints. 

—Original transparencies of color photographs appropri- 
ately numbered and identified and top indicated are sub- 
mitted along with two sets of unmounted prints on glossy 
paper, numbered and identified on the back. 


Figure legends 

—Are provided for each figure. 

—Are numbered and typed together in numeric order on 
one sheet of paper (more if necessary). The page is num- 
bered in sequence after the References page(s). 


Tables 

—Each table headed by a title and numbered in Ro- 
man numerals is typed double-spaced on a separate page. 

—Tables are cited in numeric sequence in the text. 
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COPYRIGHT STATEMENT 


Must be signed by ALL authors 


“The undersigned author(s) transfers all copyright ownership of the manuscript entitled 


to Mosby-Year Book, Inc., in the event the work is published. The undersigned author(s) warrants that the 
article is original; is not under consideration by another publication; and its essential substance, tables, or 
figures have not been previously published. This restriction does not apply to abstracts or press reports 
published in connection with scientific meetings. The author(s) confirms the final manuscript has been read 
and each author’s contribution has been approved by the appropriate author.” 


The responsible author(s) must be named 


(Type name) 


Signature 


Each author’s name must be typed underneath the signature. 


Date: 
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Lasts five years...yet is reversible 


BRIEF SUMMARY OF PRESCRIBING INFORMATION. CONSULT THE PACKAGE LITERATURE FOR 
FULL PRESCRIBING INFORMATION. 

Indications and Usage 

The NORPLANT SYSTEM is indicated for the prevention of pregnancy and is a long-term (up to 
5 years) reversible contraceptive system. The capsules should be removed by the end of the 5th 
year. New capsules may be inserted at that time if continuing contraceptive protection is desired. 
Contraindications 

1. Active thrombophlebitis or thromboembolic disorders. 2. Undiagnosed abnormal genital 
bleeding. 3. Known or suspected pregnancy. 4. Acute liver disease; benign or malignant liver 
tumors. 5. Known or suspected carcinoma of the breast. 

Warnings 

A. WARNINGS BASED ON EXPERIENCE WITH THE NORPLANT SYSTEM 





1. Bleeding Irregularities — Most women can expect some variation in menstrual bleeding patterns. 
Irregular menstrual bleeding, intermenstrual spotting, prolonged episodes of bleeding and spotting, 


and amenorrhea may occur, and could mask symptoms of cervical or endometrial cancer. Overall, 
these irregularities diminish with continued use. Because amenorrhea may occur, missed 
menstrual periods cannot serve as the only identifier of early pregnancy. Perform pregnancy tests 
whenever pregnancy is suspected. If pregnancy occurs, the capsules must be removed. 
Hemoglobin concentrations found in clinical trials generally indicated that reduced menstrual blood 
loss is associated with NORPLANT SYSTEM use. Blood loss resulting in hemoglobin values 
consistent with anemia occurred rarely. 

2. Delayed Follicular Atresia — Atresia of the follicle is sometimes delayed, resulting in enlarged 
follicles that are clinically indistinguishable from ovarian cysts. In the majority of women, enlarged 
follicles disappear spontaneously. Rarely, they twist or rupture and surgical intervention may be 
required. 

3. Ectopic Pregnancies — Ectopic pregnancies have occurred among NORPLANT SYSTEM users, 
although clinical studies have shown no increase in the rate of ectopic pregnancies per year among 
NORPLANT SYSTEM users as compared with users of no method or of IUDs. The incidence among 
NORPLANT SYSTEM users (1.3 per 1000 woman-years) was significantly below the rate estimated 
for noncontraceptive users in the U.S. (2.7 to 3.0 per 1000 woman-years). Ectopic pregnancy risk 
may increase with duration of NORPLANT SYSTEM use and increased weight of the user. Rule out 
ectopic pregnancy in any patient presenting with lower-abdominal pain. 

4. Breast-feeding — Steroids are not the contraceptives of first choice for lactating women. 
Levonorgestrel has been identified in breast milk. Limited data suggests no significant effects on 
infant growth or health when mothers used the NORPLANT SYSTEM beginning 6 weeks after 
parturition. 

5. Foreign-body Carcinogenesis — Rarely, cancers occur at foreign-body intrusion sites or old 
scars. None has been reported in NORPLANT SYSTEM clinical trials and risk to users is judged to 
be minimal. 

6. Thromboembolic Disorders — Remove capsules if active thrombophlebitis or thrombeembolic 
disease develops. With prolonged immobilization removal should be considered. 

B. WARNINGS BASED ON EXPERIENCE WITH COMBINATION (PROGESTIN PLUS ESTROGEN) 
ORAL CONTRACEPTIVES (OCs) 

Note: Many of the side effects or risks listed below are thought to be estrogen-related: the 
association of the NORPLANT SYSTEM progestin-only method to these risks is unknown. 

1. Cigarette Smoking — Cigarette smoking increases the risk of serious cardiovascular side effects 
from combined OC use. Risk increases with age and heavy smoking (>15 cigarettes/day) and is 
quite marked in women over 35 years old. 

2. Elevated Blood Pressure — Increase in blood pressure has been reported in combination OC 
users; prevalence increases with long exposure. 

3. Thromboembolic Disorders and Other Vascular Problems — An increased risk of 
thromboembolic and thrombotic disease is associated with combination OC use. Estimate of 
relative risk is 4- to 11-fold higher for users vs. nonusers. 

Cerebrovascular Disorders: Combination OCs increase the relative and attributable risk of 
cerebrovascular events (thrombotic and hemorrhagic strokes). Generally, risk is greatest among 
hypertensive women > 35 years of age who smoke. 

Myocardial Infarction (MI): An increased risk of MI has been attributed to combined OC use. This is 
thought to be primarily thrombotic in origin and related to the estrogen component. Increased risk 
occurs primarily in smokers or women with other underlying risk factors for coronary-artery 
disease. Relative risk of heart attack for combined OC users is estimated as 2 to 6 times that for 
nonusers. Absolute risk is very low for women under 30 years old. 

Studies indicate a significant trend toward higher MI and stroke rates with increased progestin 
doses in combination OCs. However, recent data indicated no increased MI risk with past use of 
levonorgestrel-containing OCs. 

4. Carcinoma — Recent evidence in the literature suggests no association between OC use and 
increased risk of breast cancer in the overall population of users. The Cancer and Steroid Hormone 
(CASH) study also showed no latent effect on breast cancer risk for at least a decade following 
long-term use. Some of these same studies have shown an increased relative risk of breast cancer 
in certain subgroups; no consistent pattern has been identified. Some studies suggest an 
association between combination OCs and an increase in the risk of cervical intra-epithelial 
neoplasia in some populations of women. The extent to which such findings may be due to 
differences in sexual behavior and other factors remains controversial. A cause-and-effect 
relationship between combined OC use and breast or cervical cancer has not been established. 
Combination OCs may decrease ovarian and endometria! cancer risk. Irregular bleeding patterns 
associated with NORPLANT SYSTEM use could mask cervical or endometrial cancer symptoms. 
5. Hepatic Tumors — Hepatic adenomas are associated with combination OC use; estimated 
incidence is 3 events per 100,000 users per year. Risk increases after 4 or more years of use. 
Hepatic adenomas are benign but may rupture and cause death through intra-abdominal! 
hemorrhage. 

6. Ocular Lesions — Retinal thrombosis is associated with OC use and is believed to be related to 
the estrogen component. However, NORPLANT SYSTEM capsules should be removed if there is 
unexplained partial or complete vision loss; onset of proptosis or diplopia; papilledema; or retinal 
vascular lesions. Undertake appropriate diagnostic and therapeutic measures immediately. 

7. Use Before or During Early Pregnancy — Extensive epidemiological studies reveal no increased 
risk of birth defects when OCs are used prior to pregnancy. Studies also do not suggest a 
teratogenic effect when taken inadvertently during early pregnancy. No evidence suggests that risk 
with NORPLANT SYSTEM use is different. 


8. Gallbladder Disease — Early studies reported an increased lifetime relative risk of gallbladder 
surgery in OC or estrogen users. More recent studies, however, indicate that the relative risk of 
gallbladder disease with OC use may be minimal; this may be related to use of OCs with less 
estrogen and progestin content. 

Precautions 

GENERAL: 

1. Physical Examination and Follow-up — A complete medical history and physical examination 
should be taken prior to implantation or reimplantation of NORPLANT SYSTEM capsules and at 
least annually during its use. Exams should include special reference to the implant site, blood 
pressure, breasts, abdomen and pelvic organs, including cervical cytology and relevant laboratom 
tests. Rule out malignancy in cases of undiagnosed, persistent or recurrent abnormal vaginal 
bleeding. Women with a strong family history of breast cancer or who have breast nodules shou 
be monitored with particular care. 

2. Carbohydrate Metabolism — Altered glucose tolerance is found in some combination and 
progestin-only OC users. Effects of NORPLANT SYSTEM on carbohydrate metabolism appear 
minimal. Observe diabetic and prediabetic patients carefully while using the NORPLANT SYSTEM 
Follow women being treated for hyperlipidemias closely if using the NORPLANT SYSTEM. Some 
progestins may elevate LDL and may render control of hyperlipidemias more difficult. (See 
Warnings.) 

3. Liver Function — Consider removing capsules if jaundice develops. Steroid hormones may be 
poorly metabolized in patients with impaired liver function. 

4. Fluid Retention — Steroid contraceptives may cause some degree of fluid retention. Prescribe 
with caution, and careful monitoring, in patients with conditions possib'y aggravated by fluid 
retention. 

5. Emotional Disorders — Consider removing capsules if significant depression occurs since the 
symptom may be drug-related. Observe carefully those with history of depression and consider 
removal if depression recurs to a serious degree. 

6. Contact Lenses — Contact-lens wearers who develop visual changes or changes in lens 
tolerance should be assessed by an ophthalmologist. 

7. Insertion and Removal — Insertion is advised during the first 7 days of the cycle or immediate 
following abortion to insure that the woman is not pregnant and to assure contraceptive 
effectiveness during first cycle of use. Capsules may be inserted at any time during the cycle 
provided pregnancy has been excluded and a nonhormonal contraceptive method is used for the 
remainder of the cycle. Insertion is not recommended before 6 weeks postpartum in breast-feed 
women. Follow insertion and removal instructions closely. Healthcare professionals are strongly 
advised to be instructed in the procedures before they attempt them. Proper insertion just under 
skin facilitates removals; proper insertion and removal should result in minimal scarring. If all 
capsules cannot be removed at first attempt, attempt removal later when the site has healed. 
Bruising may occur at implant site during insertion or removal. Hyperp:gmentation may occur 0° 
implant site but is usually reversible following removal. See Full Prescribing Information for 
Detailed Insertion/Removal Instructions. 

8. Infections — Implant site infection has been uncommon (0.7%); aseptic technique and prope 
insertion/removal reduces possibility of infection. Institute treatment if infection occurs; remove 
capsules if infection persists. 

9. Expulsion — Expulsion of capsules was uncommon; frequency increased when capsule 
placement was extremely shallow, was too close to incision, or when infection was present. 
Replace expelled capsule with new sterile capsule. Treat and cure any infection before replaceme 
Contraceptive efficacy may be inadequate with fewer than 6 capsules. 

10. Provisions for Removal — Advise women that capsules may be removed at any time for any 
reason. Personnel instructed in removal technique should perform removal on request or at the « 
of 5 years of usage. Upon removal, dispose of capsules in accordance with Centers for Disease 
Control Guidelines for biohazardous waste. 

DRUG INTERACTIONS: Reduced efficacy (pregnancy) in NORPLANT SYSTEM users has been 
reported when phenytoin or carbamazepine were used concomitantly. Warn NORPLANT SYSTEM 
users of possible decreased efficacy with use of related drugs. 

DRUG/LABORATORY TEST INTERACTIONS: 1. Sex-hormone-binding globulin concentrations ar 
decreased. 2. Thyroxine concentrations may be slightly decreased and triiodothyronine uptake 
increased. 

CARCINOGENESIS: See Warnings section and Full Prescribing Information. 

PREGNANCY: Pregnancy Category X. See Warnings section and Full Prescribing Information. 
NURSING MOTHERS: See Warnings section and Full Prescribing Information. 

INFORMATION FOR THE PATIENT: See Patient Labeling. Provide copy of patient labeling to the 
patient. Advise patients that Prescribing Information is available upon request. Inform prospectiv 
users of risks and benefits associated with NORPLANT SYSTEM use, with other forms of 
contraception, with no contraception, and about insertion/removal procedures. Informed conser 
from all patients may be desired in light of techniques involved with insertion and removal. 
Adverse Reactions 

The following have been associated with the NORPLANT SYSTEM during first year of use: many 
bleeding days or prolonged bleeding (27.6%); spotting (17.1%); amenorrhea (9.4%); irregular 
(onsets of) bleeding (7.6%); frequent bleeding onsets (7.0%); scanty bleeding (5.2%); pain or 
itching near implant site - usually transient - (3.7%); infection at implant site (0.7%); removal 
difficulties affecting subjects - based on 849 removals - (6.2%). 

Controlled clinical studies suggest that the following, occurring during the first year, are probabl 
associated with NORPLANT SYSTEM use: headache; nervousness; nausea; dizziness; adnexal 
enlargement; dermatitis; acne; change of appetite; mastalgia; weight gain; hirsutism, hypertriche 
and scalp-hair loss. The following were reported with a frequency of 5% or greater during the fir 
year and possibly may be related to NORPLANT SYSTEM use: breast discharge; cervicitis; 
musculoskeletal pain; abdominal discomfort; leukorrhea; vaginitis. 

Overdosage 

Overdosage may cause fluid retention with its associated effects and uterine bleeding irregulariti 
Dosage and Administration 

The NORPLANT SYSTEM consists of six Silastic® capsules, each containing 36 mg of the proges 
levonorgestrel. The total administered (implanted) dose is 216 mg. Implantation of all six capsul 
should be performed during the first 7 days of the onset of menses by a healthcare professional 
instructed in the NORPLANT SYSTEM insertion technique. Insertion is subdermal in the midport 
of the upper arm about 8 to 10 cm above the elbow crease. Distribution should be in a fanlike 
pattern, about 15 degrees apart, for a total of 75 degrees. Proper insertion will facilitate later 
removal. (See Full Prescribing Information for Detailed Insertion/Removal Instructions.) 
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Folly, woodenheadedness, and the alluvial mind 


Presidential address 


Richard N. Bolton, MD 
Portland, Oregon 


One of my favorite authors wrote. about history. 
If you think history is dull, I invite you to read any 
of Barbara W. Tuchman’s books. They are as historic 
nonfiction should be—well documented, concise, ex- 
citing, and filled with the kind of insight that makes 
the past actions of mankind very much alive. 

In my view, her finest book is The March of Folly.’ 
Folly, she contends, “is the pursuit by governments of 
policy contrary to their own self-interest.” Self-interest 
is composed of those ideas and policies that benefit the 
body being governed; folly is “policy which is counter 
productive.” To qualify as folly, a policy must meet 
three criteria: First, “it must have been perceived as 
counter-productive in its own time”; second, “a feasible 
alternative course of action must have been available,” 
and third, “the policy in question should be that of the 
group, not an individual.” 

In The March of Folly, Tuchman details some prime 
examples: the Trojan horse, how George III of En- 
gland and his advisers lost America, the excesses of the 
Renaissance popes that added fuel to the fire of ref- 
ormation, the American involvement in a foolish, point- 
less war in Vietman, Louis XIV’s revocation of the Edict 
of Nantes and the resulting persecution of the Hu- 
guenots, and the failure of Rehoboam, King of Israel, 
to repeal the heavy taxes imposed by his father, King 
Solomon. This folly in 930 Bc resulted in the loss of 
the 10 northern tribes, destroying a kingdom put to- 
gether by King David that had extended from northern 
Syria to Egypt. The emnity thus produced has caused 
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war after war for 2800 years. The United States has 
just spent lives and a billion dollars a day fighting a 
new chapter in this same war and it is not over yet. 

Regrettably, folly fueled by woodenheadedness is still 
with us. “Wooden-headedness is accessing a situation 
in terms of pre-conceived fixed notions while ignoring 
or rejecting contrary signs. It is acting according to wish 
while not allowing oneself to be deflected by. the 
facts.” In other words, do not confuse me with facts, 
for my mind is made up. Woodenheadedness is alive 
and in full flower in Oregon. The governor of Oregon 
supported a specific tax intended to finance the in- 
creased cost of Medicaid. This tax was to be levied only 
on health care providers, totally ignoring societal re- 
sponsibility. This same foolish concept could be applied 
to rent, automobiles, food, fire, police, bureaucrats, and - 
lawyers. Happily, it did not get out of committee. 

Another concept that helps explain curious political 
action is the “alluvial mind” “In such a mind, an idea 
develops so slowly that it hardly seems to have been 
there at all until it seems to have been there always.” 
The alluvial mind concept is described by William Ir- 
vine in his delightful book, Apes, Angels and Victorians.“ 
This book is about Darwin, Huxley, and evolution. He 
describes Charles Darwin’s concept of evolution as 
being alluvial with che whole having being derived from 
“tiny sands of evidence gradually accumulated during 
his long voyage on the Beagle.” This thought process is 
not geologic but rather the slow development of a con- 
cept until it is so aaa that its validity cannot be 
questioned. T 

The Supreme Court Title X “gag rule” decision 
seems a case in point. Family planning clinics accepting 
federal funds cannot mention abortion as a medical 
option. Ignore that this tramples on freedom of speech 
as guaranteed by the First Amendment. Ignore that 
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this prevents health care workers from doing the best 
possible job of providing medically complete infor- 
mation. Ignore that this ruling comes awfully close to 
destroying the concept of separation of church and 
state; when life begins is a theologic argument and very 
difficult to document scientificaily. Ignore the admin- 
istrations’ possible political pressure on the court; this 
pressure may have influenced this decision. Rather, fo- 
cus on the term “federal funds.” I submit that federal 
funds is an alluvial mind concep:. There are no federal 
funds. Our government does nct generate wealth. If it 
did, tederal interest obligations would not be about 
$560 million a day, and our 1991 federal deficit would 
not be $309 billion—the largest ever. Our government 
runs on red ink, and federal funds are our taxes. It 
would be nice if the citizen’s funds were spent in a 
socially responsible manner. 

Trade union, business, and gcvernment involvement 
in job-linked health insurance was born by accident 
during World War II.8 The War Labor Board, to avoid 
inflation, put a ceiling on wages. So trade unions pro- 
posed “hidden” pay increases in the form of health 
insurance. The board gave approval and the alluvial 
mind concept of health insurance as a right was born. 

Our legislatures have a real love-hate relationship 
with health care. This dilemma arises from the lure of 
cffice, fueled by the all-important need for reelection. 
The guiding principle in pursuing reelection is to 
“please as many and offend as few as possible.”’ Health 
care legislation is a positive scurce of votes; realistic 
health care funding, however, means higher taxes and 
will lose votes, a concept abhcrrent to all politicians. 
There is no other way to explain the Veterans Admin- 
istration Medical Service, the repeal of Medicare’s cat- 
astraphic insurance, the underfunding of Medicaid, the 
Health Care Financing Administration’s mauling of 
Medicare reimbursement, the emotions that have 
blocked investigation of RU 486 for nonabortion use, 
and the general silliness that has made acquired im- 
munodeficiency syndrome a political disease instead of 
an infectious disease. 

For these and many other reasons, the citizens of the 
United States cannot afford more politically motivated 


June 1992 
Am J] Obstet Gynecol 


government meddling in health care. There is too 
much room for folly, woodenheadedness, and the al- 
luvial mind. Folly and health care can be avoided. I 
sincerely urge you all to consider the American Medical 
Association’s proposal for affordable quality health 
care: Health Access America.’ It can be made to work 
for all and does not destroy the best health care in the 
world. Its salient points are as follows: (1) Improve- 
ments to the American health care system should pre- 
serve the strengths of our current system; (2) affordable 
coverage for appropriate health care should be avail- 
able to all Americans regardless of income; (3) partic- 
ular efforts are needed to assure continued access by 
the elderly to affordable health care services; (4) health 
care services should be delivered with high quality and 
appropriate costs; (5) patients should be free to deter- 
mine from whom and the manner in which health care 
benefits are delivered; (6) all physicians should be com- 
mitted to the highest ethical standards in the delivery 
of care to patients. 

In my conception a health care system funded by 
taxes and administered entirely by the federal govern- 
ment would have the compassion of the Internal Rev- 
enue Service, the efficiency of the post office, a budget 
to make the Pentagon blush, and the overall benevo- 
lence of the Bureau of Indian Affairs. 

After all, what can you expect from a government 
that outlaws Lawn Darts but lets us keep handguns. 
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Therapeutic donor insemination: A prospective randomized 
trial of fresh versus frozen sperm 


Leslee L. Subak, MD, G. David Adamson, MD, and Nancy L. Boltz, RNC 


Stanford and Palo Alto, California 


OBJECTIVE: We evaluated the efficacy of fresh versus frozen sperm in therapeutic donor insemination. 
STUDY DESIGN: Fifty-seven women underwent 72 courses of treatment (a maximum of six therapeutic 
donor insemination cycles—three fresh and three frozen) totaling 198 cycles. Each woman served as her 
own control and was prospectively randomized to receive a single, timed insemination of either fresh or 


frozen sperm. 


RESULTS: Fecundity was 20.6% for fresh sperm cycles and 9.4% for frozen {p < 0.03, by x? analysis). 
Fresh cervical cap insemination fecundity was 20.3%; frozen was 7.8% {p < 0.03, by x? analysis). Fresh 
intrauterine insemination fecundity was 21.2%; frozen was 15.8% (p = 0.63, by x’ analysis). Fresh 
3-month life-table pregnancy rates were 48% + 10%; frozen rates were 22% + 8% (p = 0.05 by Breslow 
analysis). Survival analysis with fixed covariates showed a positive association with the use of fresh sperm 


(p = 0.04). 


CONCLUSION: Cycle fecundity was significantly greater with fresh sperm in women undergoing cervical 
cap insemination or intrauterine insemination and in women undergoing only cervical cap insemination. 
These results have important implications for contemporary management of patients undercoing 
therapeutic donor insemination with frozen sperm. (Am J Osstet GYNECOL 1992;166:1597-1606.) 


Key words: Fresh sperm, frozen sperm, therapeutic donor insemination 


The American Fertility Society amended its thera- 
peutic donor insemination guidelines in February 1988, 
stating that “...the use of fresh semen for donor in- 
semination is no longer warranted.”'? This statement 
responded to concern about human immunodeficiency 
virus (HIV) transmission in therapeutic donor insem- 
ination. Under the new guidelines only sperm from 
donors who are seronegative for HIV 6 months after 
sperm donation and freezing would be used. This 
change of guidelines has been controversial since many 
physicians believe that the use of fresh sperm results 
in increased pregnancy rates and/or fecundity as com- 
pared with those for frozen (cryopreserved) sperm. In 
addition, the risk of HIV infection after one insemi- 
nation with fresh sperm from a screened donor is 
exceedingly remote, being approximately 1 in 500 
milion.” However, published reports have docu- 
mented HIV infection after therapeutic donor insem- 
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ination with sperm from asymptomatic HIV-positive 
donors.** 

There are many viral, bacterial, and parasitic patho- 
gens in semen, and transmission of infectious agents 
has been reported in fresh semen.® The effects of freez- 
ing on these pathogens are not well documented, but 
freezing does not completely inactivate HIV, herpes 
simplex virus, cytomegalovirus, Neisseria gonorrhoeae, 
Chlamydia trachomatis, or the mycoplasmas.’ The advan- 
tages of frozen semen include a quarantine period in 
storage with donor retesting before insemination. For 
HIV, this permits testing for proviral deoxyribonucleic 
acid with a polymerase chain reaction technique and 
testing for serum antibodies, neither of which may be 
in high enough concentrations for detection at the time 
of donation. Freezing of semen may also reduce the 
concentration of some pathogens.® Frozen sperm allows 
insemination when timing is optimal, multiple insem- 
inations in a single cycle, and the use of the same donor 
for subsequent pregnancies.* Disadvantages of frozen 
sperm include a possibly decreased pregnancy rate 
and/or cycle fecundity and possibly more inseminations 
per cycle as compared with fresh sperm.™ The de- 
creased fecundity of frozen sperm is due, in part, to 
structural and functional damage resulting from the 
freezing process.* * 15. 1° 

Few randomized, controlled comparisons of fresh 
versus frozen sperm in therapeutic donor insemination 
have been done, and ongoing trials with large patient 
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populations and current cryopreservation techniques 
are needed.*'"'"*" This study compares the efficacy of 
fresh and frozen sperm in therapeutic donor insami- 
nation in a prospective, randomized clinical trial with 
each woman serving as her own control. 


Material and methods 


Patient selection and treatment. Couples preserting 
for therapeutic donor insemination at a referral infer- 
tility practice between June 1988 and December 1990 
were given the option of receiving only frozen sperm 
_or participating in this study and receiving randomized 
fresh and frozen sperm. Couples were thoroughly 
counseled of their options and the risks of fresh ther- 
apeutic donor insemination. This study was approved 
by the Stanford Committee for the Protection of Hu- 
man Subjects in Research. All couples had male fector 
as one cause of infertility and underwent infertility 
screening consisting of basal body temperature graph- 
ing, urinary luteinizing hormone (LH) assay, serum 
progesterone measurement, cervical mucus evaluazion, 
semen analysis, and C. trachomatis and mycoplasma cul- 
tures. Endometrial biopsy, postcoital test, hamster egg 
penetration assay, hysterosalpingography, laparoscopy, 
and laparotomy were performed as clinically indicated. 
Women had at least one patent fallopian tube and were 
ovulating either spontaneously or with clomiphene ci- 
trate or human menopausal gonadotropins (or both). 
Ovulatory dysfunction was defined as menstrual cycles 
<21 or >35 days in length or an abnormal luteal phase 
(two endometrial biopsy specimens >2 days out of 
phase). Endometriosis and adhesions were treated with 
carbon dioxide laser vaporization at surgery. 

Couples agreed to six cycles of therapeutic donor 
insemination—three cycles with fresh and three cycles 
with frozen sperm. A course of treatment was defined 
as a maximum of six cycles of therapeutic donor in- 
semination and was terminated by conception or with- 
drawal from the study. Insemination type (fresh or fro- 
zen) was prospectively assigned by random number 
tables, such that no more than two consecutive insem- 
inations with either fresh or frozen sperm were per- 
formed. The protocol was established so that all fresh 
and frozen inseminations for a given patient used 
sperm from the same donor. In only five courses of 
treatment was it necessary at any time to use frozen 
sperm from a different donor. Women were not aware 
of the type of sperm they were receiving. A single in- 
semination per cycle with either fresh or frozen sperm 
was performed within 12 to 36 hours of the LH surge 
with either cervical cap insemination or intrauterine 
insemination. Whole ejaculate was used for cervical cap 
insemination with fresh sperm, and 1 ml of thawed 
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whole ejaculate was used for cervical cap insemination 
with frozen sperm. For intrauterine insemination a 
maximum of 0.5 ml of washed sperm was slowly infused 
with a 1 ml syringe and a 3.5 Fr TomCat catheter (Sher- 
wood Medical, St. Louis) or a Makler cannula (Sefi Med- 
ical Instruments, Haifa). Women remained supine for 
20 minutes with the cannula in place. They were given 
oral doxycycline (100 mg) the evening before intra- 
uterine insemination as prophylaxis against infection. 
Indications for intrauterine insemination included 
poor cervical mucus determined by abnormal postcoital 
test (actively motile sperm <1/high-power field) or ab- 
normal cervical mucus penetration test (<25 mm in 90 
minutes), female serum Immunobead antisperm anti- 
bedies, and high-dose clomiphene citrate ovulation 
stimulation (at least 100 mg/day). ‘Timing of ovulation 
was monitored with basal body temperature charts and 
LH urinary monoclonal antibody home testing 
(QvuQUICK, Monoclonal Antibodies, Mountain View, 
Calif.). If menses did not occur, a quantitative B-human 
chorionic gonadotropin (B-hCG) assay was done and 
repeated in 2 days to confirm pregnancy. If women did 
not conceive during their first course of treatment (six 
insemination cycles), they were given the option, during 
a second course of treatment, to enter the study again 
with the same donor or a different one. When women 
conceived on a nonprotocol cycle, they were terminated 
from the study with the status “not pregnant.” When 
women had an insemination on a nonprotocol cycle, 
they continued on the same study “course of treatment” 
with appropriate randomization in the next cycle. 
When a women conceived on a study protocol cycle, 
she was terminated from the study with the status 
“pregnant.” After spontaneous abortion or delivery, 
women were reentered in a new “course of treatment” 
with randomized inseminations beginning with cycle 1. 
Data were recoded for the subsequent cycle to reflect 
changes in parameters such as age, gravidity, and du- 
ration of infertility. 

Sperm preparation. Fresh ejaculates were allowed to 
liquefy for 30 minutes at 37° C, then suspended in a 
1:1 ratio with TEST-yolk buffer with glycerol (Irvine 
Scientific, Santa Ana, Calif.) cryoprotectant. Vials con- 
taining 1.8 ml were divided into aliquots and frozen in 
a programmable freezer (Planar Products, Ltd., Mid- 
dlesex, England) at the Fertility and Reproductive 
Health Institute of Northern California. Semen was 
cooled at ~0.5° C per minute to — 5° C. After holding 
for 10 minutes, semen was rapidly cooled at — 10° C 
per minute to — 80° C, held for 10 minutes, and stored 
in liquid nitrogen. Specimens were thawed at room 
temperature and washed or used for insemination 
within minutes of thawing. Sperm used for intrauterine 
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insemination were washed twice with a modified human 
tubal fluid medium (Irvine Scientific). After the second 
wash, the sperm pellet was suspended in 0.5 ml of me- 
dium and allowed to swim up in a standard procedure. 

Standard semen analyses were performed before 
freezing and before and after washing. Semen analyses 
were not done in fresh cervical cap insemination cycles. 
Sperm parameters reported were from the donor’s 
most recent semen analysis. For cervical cap insemi- 
nation with frozen sperm, samples were evaluated mi- 
croscopically under high power to assure sperm move- 
ment after thawing, but a semen analysis was not done. 
To estimate postthaw sperm parameters, we multiplied 
prefreeze sperm parameters by the average decrease 
in count and motility observed in intrauterine insemi- 
nation cycles with frozen sperm (prefreeze and post- 
freeze semen analyses were performed). Azoospermia 
was defined as the absence of sperm, oligospermia as 
sperm count <20 x 10°/ml, and asthenospermia as 
<30% progressively motile sperm. 

Donor selection. Sperm from seven donors was used 
in this study. American Fertility Society guidelines for 
selecting and screening donors were followed.’ We re- 
quired that donors have two normal semen analyses 
(count >60 x 10°/ml, progressive motility >30%, total 
motility >50%, and >60% normal morphologic fea- 
tures) and excellent sperm recovery after freezing and 
thawing (>100 x 10° actively motile sperm). They then 
underwent investigation including blood typing, com- 
plete blood count, serum chemistry tests, sedimentation 
rate, and serologic testing for HIV (two tests, 5 to 6 
weeks apart), syphilis (Venereal Disease Research Lab- 
oratory test), hepatitis profile, cytomegalovirus, and 
HSV type II antibodies. Urethral cultures for gonor- 
rhea, chlamydia, mycoplasma, and other pathogens 
were done. HIV testing was also done with a polymer- 
ase chain reaction gene amplification method. Donors 
underwent a thorough history and physical examina- 
tion, genetic screening, and karyotyping by a geneticist. 
Donors must have had no genetic predisposition for 
heritable disease, no more than one sexual partner 
within the past year, and no history of male sexual 
partners or alcohol, illicit drug, or intravenous drug 
abuse. Monthly HIV and other sexually transmitted 
disease tests were done; this regimen was more fre- 
quent and rigorous than recommended.’ 

Data analysis. Statistical analyses were performed 
with BMDP Statistical Software, Inc. (Los Angeles) and 
SAS (SAS Institute, Inc., Cary, N.C.). Analysis included 
Student's t-tests, x? tests, life-table calculations, and sur- 
vival analyses with fixed covariates according to the Cox 
model. Cycle fecundity or the probability of conception 
per cycle was calculated by the method of Cramer et 
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al. Because 13 women underwent more than one 
course of treatment, analyses were performed on 
courses of treatment rather than on patients. Values 
are expressed as mean + SE and range. 


Results 


Patient characteristics. Fifty-seven women entered 
the study and underwent 72 courses of treatment. 
Forty-four women began one, 11 began two, and two 
began three courses of treatment. In five women the 
first six cycles did not result in pregnancy and they 
continued the treatment regimen, with one becoming 
pregnant. Three were treated for five or six cycles, 
conceived while off protocol, and returned for a second 
course of treatment, during which all three conceived. 
Three conceived while on protocol and returned for a 
second course of treatment. Of the two women with 
three courses of treatment, the first did not conceive 
in 6 months and had a second course of treatment 
resulting in a spontaneous abortion and a third result- 
ing in a live birth. The second patient had six cycles 
without pregnancy, conceived while off protocol and 
had a spontaneous abortion, then conceived while on 
protocol and had a spontaneous abortion, and again 
conceived while on protocol and had a live birth. 

Women were 32.5 + 0.5 (range 22 to 42) years old 
with 5.2 + 0.6 (range 0.1 to 9.7) years of infertility. 
Twenty-nine (40.3%) were nulligravid and 36 (50%) 
male partners had never fathered a child. Female in- 
fertility factors included 16 (22.2%) women with ovu- 
latory dysfunction, 20 (27.8%) with endometriosis, 4 
(5.6%) with unilateral tubal occlusion or fimbrial dam- 
age, and 4 (5.6%) with cervical factor infertility (poor 
cervical mucus or female antisperm antibodies). Thirty- 
eight (52.8%) women had no identifiable infertility fac- 
tor. Forty-five (62.5%) men were azoospermic and 30 
(41.7%) had had a vasectomy. Twenty-two of 30 
(73.3%) men had attempted reversal of vasectomy and 
7 of 8 (87.5%) men underwent varicocele repair but 
were still unable ta conceive. 

Outcome. There were 30 conceptions during 198 
insemination cycles for a fecundity of 15.2% (Table I). 
Fight women conceived in nonprotocol cycles. Forty- 
seven percent (n = 14) of conceptions occurred in the 
first insemination cycle, 77% (n = 23) within two cycles, 
and 83% (n = 25) within three cycles. Conceptions re- 
sulted in 21 live births and nine spontaneous abortions 
(six in fresh and three in frozen insemination cycles). 
‘Twenty-one conceptions occurred in 102 insemination 
cycles with fresh sperm (fecundity = 20.6%), and nine 
conceptions took place in 96 insemination cycles with 
frozen sperm (fecundity = 9.4%, p < 0.03 by x? anal- 
ysis). Women achieved 20 pregnancies in 146 cycles of 
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Table I. Cycle fecundity by type of insemination 














Type of No. of No. of Cycle 
insemination ` cycles conceptions | fecundity (%) 
Freshisperm 102 20.6* 
Frozen sperm 96 . "3 9.4 
Total 198 30 15.2 
Cervical cap insemination 
Total 146 20 13.7 
` Fresh sperm . 69 ‘14 20.3% 
Frozen sperm - = 77 6 7.8 
Intrauterine insemination ` 
Total 52 10 19:2 
' Fresh sperm 33 7 21:2. 
- Frozen sperm 19 3 15.8 


*» < 0.03 for fresh versus frozen sperm by x? analys. 


t 
. 


cervical cap insemination (fecundity = 13.7%) and 10 ; 


pregnancies in 52 cycles of intrauterine insemination | 


(fecundity = 19.2%, p =0.34). Fecundity was simiar in 
fresh cervical cap insemination. (20.3%) and fresh in- 
trauterine insemination (21.2%) cycles (p = 0.91) and 
in frozen cervical cap insemination (7.8%) and frozen 
intrauterine insemination (15.8%) cycles (p = C.28). 
Cycle fecundity was significantly greater in fresh than 
in frozen cervical cap insemination cycles (p < 0.0£) but 
was similar for fresh and frozen intrauterine insemi- 
nation cycles (p = 0.63). Ovulation stimulation was 
performed in 44 (84.6%) intrauterine insemination and 
6 (4.1%) cervical cap insemination cycles (p = 0.300). 
There were no ectopic pregnancies, pelvic infections, 
or complications during the course of the study. 

We examined, the effect of known female infertility 
factors on fecundity in women receiving both insemi- 
nation types (frésh or frozen sperm) and insemination 
methods (cervical cap insemination or intrauterine in- 
semination, Table II). The greatest fecundity was ob- 
served in women with cervical .factor infertility (fe- 
cundity = 44.4%). This fecundity was significantly 
greater than that for women without cervical factor 
infertility (p = 0.03). Most women with cervical factor 
‘infertility received intrauterine insemination,. which 
was also associated with greater ‘cycle fecundity in this 
group (p = 0.01 for intrauterine insemination vs cer- 
vical cap insemination). However, the number of 
women with cervical factor infertility was very small. 
Women with no identified infertility factors and women 
with azoospermic male partners had fecundity similar 
to that of others. The lowest Saadiy was In women 
with tubal damage. 

Life-table estimated cumulazive pregnancy. rates at 3 
months (+ SE) were 0.48 + 0. 10 after insemination 
with frest sperm and 0.22 + 0:08 after insemination 
with-frozen sperm (Fig. 1,p = 0.05 by Breslow analysis, 
p = 0.03 by Mantel-Cox analysis). Three-month esti- 
mated cumulative pregnancy rates were 0.55 + 0.14 
for cervical cap insemination with fresh sperm, 


- cundity = 
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0.23 + 0.10 for cervical cap insemination with frozen 
sperm, 0.33 + 0.10 for intrauterine insemination with 
fresh sperm, and 0.22 + 0.11 for intrauterine insem- 
ination with frozen sperm (Fig. 2). Estimated cumu- 
lative pregnancy rates at 3 months were greater for 
cervical ‘cap insemination with fresh sperm than with 
frozen sperm (p = 0.05 by Breslow analysis, p = 0.03 


‘ by Mantel-Cox analysis) but similar for intrauterine in- 


semination with fresh versus frozen sperm (p = 0.57 
by Breslow analysis, p = 0.57 by Mantel-Cox analysis). 

Survival analyses evaluated the effect of single vari- 
ables on the probability of conception. Cervical factor 
infertility (p = 0.03) and more extensive adhesions 
staged according to the American Fertility Society re- 
vised 1985 scoring system (p = 0.04) were positively 
associated with pregnancy. Fresh sperm was. positively 
associated with probability of pregnancy in cervical cap 
insemination and intrauterine insemination cycles 
(p = 0.04) and in cervical cap insemination only cycles 
(p = 0.04). Fresh sperm was not associated with preg- 
nancy in intrauterine insemination only -cycles (p = 
0.52). In addition, intrauterine insemination (vs cervi- 
cal cap insemination) was not ene associated with 
pregnancy. 

Semen analyses. An average of 262.6 + 15.7 x 10° 
motile sperm (Volume x Count xX Progressive motil- 
ity/100) were used for fresh cervical cap insemination, 
99.7 + 1.2 x 10° for frozen cervical cap insemination, 
32.6 + 3.9 x 10° for fresh intrauterine insemination, 
and 5.6 + 1.1 x 10° for frozen intrauterine insemi- 
nation. We did not observe a significant association 
between number of motile sperm inseminated and fe- 
cundity in any of the insemination groups by use of 
t tests and survival analyses with fixed covariates (Table 
III). With freezing, sperm count decreased by an av- 
erage of 60% + 5% and progressive motility decreased 
by 63% + 4%. 

Donors were ranked from highest to lowest fecund- 
ity. Only one donor had significantly greater fecundity 
with fresh (fecundity = 0.30) than with frozen (fe- 
0.05) insemination cycles (p < 0.04). For do- 
nors with >10 insemination cycles, there was no dif- 
ference in fecundity between the three donors with the 
greatest and the two with the lowest (p < 0.15). No 
donor tested positive for HIV. 


Comment 


Prospective randomized clinical trials have shown 
that frozen sperm result in similar cumulative preg- 
nancy rates over a l-year period (45% to 73%) when 
compared with those of fresh sperm (53% to 97%) but 
may. have decreased cycle fecundity, as compared with 
fresh sperm.®?™>!%17 Studies in which only fresh sperm 
was used show a fecundity of 15% versus 5% to 11% 
with frozen sperm.'* '* 1°? "Two of three prospective 
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0.48 + 0.10 


0.22 + 0.08 


INSEMINATION CYCLE 


Fig. 1. Estimated life-table cumulative pregnancy rates at 1-month intervals. Estimated cumulative 
pregnancy rates over 3 months were greater for fresh than frozen insemination cycles (p = 0.05 by 


py analysis). Bars indicate standard error. 


Table II. Infertility factors and fecundity after cervical cap Insemination or intrauterine insemination with 
fresh or frozen donor sperm 






All cycles 


insemination 


Cause of infertility 





No female factor 109 16 (15) -11 (23) 
Ovulatory disorder 41. 707 o 1 (10) 
Cervical factor 9 4 (44)* | 0 (0) 
Endometriosis : 49 © 6 (12) 12 27). 
: Tubal damage. 8 0 (0) 2 . 0 (0) 
Azoospermic male 121. 20 (16) 4] 11 (27) 


Values in parentheses are fecundity rates. 
*b = 0.03, versus cycles in women without cervical factor. 


Fresh cervical cap | Frozen cervical cap 






Frozen intrauterine 
insemination 


Fresh intrauterine 


insemination insemination 











No. 
pregnant 


5 (10) 0 (0) 0 (0) 
? 1l x o 4 (33) | : 1 (20) 
4 0 (0) 3 ~ 3 (100) l 1 (100) 
12 0 (0) 15  2(13) 10  2(20) 
3: 0 (0) 4 . 0(0) - 1 0(0) 
48 3 (6) 20 +3 (15) 12 3. (25) 


tp = 0.01, versus fresh intrauterine insemination vee in women without emia factor. 


f 


randomized studies using women as their own controls 
observed a threefold to fourfold increase in cycle fe- 
cundity (p < 0.001) with similar l-year estimated cu- 
mulative pregnancy rates for fresh compared with fro- 
zen spérm.'" !? We observed fecundity similar to that 
reported in the literature for fresh (20.6%) and frozen 
(9.4%) insemination cycles and a twofold increase in 3- 
month estimated cumulative pregnancy rates with fresh 
sperm compared with frozen sperm. This increased 
pregnancy rate with fresh sperm occurred in cervical 
cap insemination cycles but not intrauterine insemi- 
nation cycles. | 


Decreases in fecundity and cumulative pregnancies 
have been attributed to sperm damage during pro- 
cessing and freezing and fewer total motile sperm used 
per insemination. Such damage may be less important 
in intrauterine insemination cycles because sperm are 
deposited beyond the barrier of the cervix and more 
proximal to the oocyte. Similar fecundity rates for fresh 
and frozen sperm have been observed for intrauterine 
insemination and in vitro fertilization, insemination 
techniques that bypass many of the obstacles sperm 
must overcome with cervical cap insemination.” 

Studies have shown that the great majority of patients 


1602 Subak, Adamson, and Boliz 


è FRESH CCI 
o FROZEN CCI 


A FRESH IUI 
A FROZEN IUI 
x p (BRESLOW) = 0.05 


A: 


ESTIMATED CUMULATIVE PREGNANCY RATE . 





June 1992 
Am J Obstet Gynecol 


è 0.55+0.14* 


A 0.3340.10 


0.23 +0.10 * 
0.22 + 0.11 


INSEMINATION CYCLE 


Fig. 2. Estimated life-table cumulative pregnancy rates at l-month intervals. Estimated cumulative 
pregnancy rates over 3 months were greater for cervical cap insemination with fresh sperm than . 
for cervical cap insemination with frozen sperm (p = 0.05 by Breslow analysis). Bars indicate standard 


error. 


Table II. Millions of motile sperm inseminated + standard error with ranges in concepzion and 


nonconception cycles 


; Insemination type Conception cycle Nonconception cycle Significance 


Cervical cap insemination 
Fresh sperm 249 + 32 (57-514) 
(n = 14) 
43 + 7 (20-65) 
(n = 6) 


Frozen sperm 


Intrauterine insemination 


Fresh sperm’ 42 + 9 (17-87) 


(n = 7) 
Frozen sperm 1.2 + 0.5 (0.7-1.6) 
(n = 2) 


who conceive with therapeutic donor insemination do 
` so within six cycles.'® In this study 83% of conceptions 
occurred within three insemination cycles and all in- 
trauterine insemination conceptions occurred in the 
first cycle. Women failing to conceive after three cycles 
with cervical cap insemination may benefit from several 
intrauterine insemination cycles. Controlled ovarian 
hyperstimulation, with clomiphene citrate initially and 
then with human menopausal gonadotropin, also 
should be considered since this may increase fecundity 
further. In clinical practice 9 to 12 months of thera- 
peutic donor insemination may be a sufficient trial be- 
fore other fertilization methods or adoption isat- 
tempted. 


266 + 18 (18-621) p = 0,66 
(n = 55) 

33 + 2 (4-81) p= 0.18 
(n = 71) 

30 + 4 (1-91) p = 9.24 
(n = 26) 

6.1 + 1.2 (0.6-15) p= 9.18 
(n = 16) 


Our spontaneous abortion rate of 29% after concep- 
tions with fresh sperm and 33% after frozen were 
slightly higher than the reported range of 11% to 
17%." 5 This may be due to the age and/or infertility 
status of our patients or to our obtaining serum preg- 


_ nancy test results at just 2 weeks after insemination. 


Increasing age, duration of infertility, pelvic abnor- 
malities, and oligospermia have been associated with 
significantly decreased therapeutic donor insemination 
pregnancy rates.’* ** The only factors we found to be 
positively associated with the probability of pregnancy 
were cervical factor infertility, treated adhesions, and 
use of fresh sperm. This association with cervical factor 


-~ infertility was probably due +o the successful use of 
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intrauterine insemination in this group, because 
women in all of four intrauterine insemination cycles 
conceived. Increased fecundity with treated adhesions 
is probably due to increased tubal and ovarian mobility. 

Pregnancy rate and fecundity have been positively 
associated with the number of motile sperm insemi- 
nated, and there may be a critical number of sperm 
required to attain a maximal outcome.*'" 5"! Bordson 
et al.?! observed similar fecundity rates with intracer- 
vical insemination for both fresh and frozen sperm 
when at least 40 x 10° motile sperm were inseminated. 


Keel and Webster? found that frozen ejaculates with at 


least 20 x 10° motile sperm had fecundity rate similar 
to those for fresh ejaculates that contained an average 
of five times the number of motile sperm. Byrd et al.” 
found that the minimum number of motile sperm re- 
quired to obtain optimal fecundity occurred in their 
arbitrarily assigned groups having between 6 and 
15 x 10° for intrauterine insemination and between 50 
and 100 x 10° for intracervical insemination with fro- 
zen sperm. For rates of number of motile sperm in- 
seminated below these values, fecundity was positively 
associated with number of motile sperm inseminated. 
We did not find an association between number of mo- 
tile sperm inseminated and pregnancy, probably be- 
cause of an inadequate number of cycles. Also, values 
for sperm parameters in fresh and frozen cervical cap 
insemination cycles were estimated and therefore are 
of uncertain accuracy. l 

The optimal time for insemination with fresh and 
frozen sperm may be different. Frozen sperm have 
decreased motility and viability, requiring more careful 
timing of insemination and perhaps necessitating more 
inseminations per cycle and increased cost than fresh 
sperm.’ !$ In addition, the optimal time for insemi- 
nation with frozen sperm may be different for intra- 
uterine insemination than for cervical insemination. 
The highest cycle fecundity with cervical cap insemi- 
nation with frozen sperm was achieved when insemi- 
nations were performed 0 to 10 hours after the LH 
peak versus 10 to 20 hours with intrauterine insemi- 
nation.” We timed intrauterine insemination and cer- 
vical cap insemination with urinary LH home testing 
and basal body temperature graphs. In addition, 
women with ovulatory dysfunction had ovulation stim- 
ulation with clomiphene citrate with or without human 
menopausal gonadotropin. Ovulation stimulation al- 
lowed more accurate timing of insemination. In studies 
that compared single and multiple inseminations per 
cycle with intracervical insemination, fecundity was not 
affected by the number of inseminations per cycle.” ”! 
However, Byrd et al. found an increase in fecundity 
when two inseminations per cycle were done with in- 
trauterine insemination and frozen sperm. 
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Donor retesting for HIV 6 months after sperm 
donation and freezing is recommended because the 
virus can be transmitted and is infectious in fresh and 
cryopreserved sperm.’ The risks of HIV infection after 
exposure in therapeutic donor insemination are un- 
known. In this study no donor tested positive for HIV. 
In other studies seven women have been reported to 
be seropositive for HIV after therapeutic donor insem- 
ination with an HIV-positive donor.** However, wom- 
en’s HIV status was not documented before therapeutic 
donor insemination cycles. The risk of HIV infection 
after a single episode of vaginal intercourse with an 
infected partner is estimated as =0.002.° When the 
partner is known to be HIV negative and has no history 
of high-risk behavior, the risk of infection after one 
episode of unprotected intercourse is estimated to be 
one in 500,000,000.* Using a carefully screened, reli- 
able donor pool and frequent HIV testing with poly- 
merase chain reaction should make the risk of HIV 
transmission in therapeutic donor insemination with 
fresh sperm exceedingly remote. Polymerase chain re- 
action is a highly sensitive test for HIV proviral de- 
oxyribonucleic acid that detects infection earlier than 
tests for serum HIV antibodies and viral culture.” 

Fresh sperm is believed to be more effective, thereby 
requiring less time and cost to conceive than frozen 
sperm.’ The eventual percentage of couples conceiving 
could be similar for fresh and frozen sperm, but frozen 
sperm requires up to double the time to conceive be- 
cause the pregnancy rate is less.'* * In this study in- 
semination with fresh sperm resulted in greater cycle 
fecundity (p < 0.03), life-table estimated 3-month cu- 
mulative pregnancy rates (p = 0.05 by Breslow anal- 
ysis), and positive association with pregnancy in survival 
analyses (p = 0.04). Nevertheless, given the current 
medicolegal and political status surrounding the use of 
fresh sperm, frozen sperm has become almost the uni- 
versal standard. Therefore the reduced fecundity as- 
sociated with therapeutic donor insemination with fro- 
zen sperm must be recognized in our counseling and 
management of couples undergoing therapeutic donor 
insemination. 

We acknowledge the assistance and support of Em- 
met J. Lamb, MD, in the preparation of this manuscript 


and David Pasta, MS, for his assistance with the statis- 
tical analysis. 
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Discussion 

Dr. PHILIP E. YOUNG, San Diego, California. There 
is a great deal of information i in this article, but I shall 
limit my comments to the majo; issues. (1) Is fecundity, 
the pregnancy rate per cycle, obtained with fresh semen 
different from that obtained with frozen semen? Is the 
difference large enough to be meaningful for patients 
who undergo three cycles of insemination? (2) Is the 
answer affected by whether the insemination is done 
vaginally or directly into the uterus? 

The answers to these questions are important be- 
cause the risk of HIV transmission with proper screen- 
ing is very small, but it is not zero. If there is a sub- 
stantial long-term better chance of pregnancy with 
fresh rather than frozen semen, there may well be a 
number of couples who would use fresh semen, opting 
to take the remote chance of HIV transmission to im- 
prove the chance of achieving a pregnancy. If, over the 
duration, the chance of pregnancy were the same for 
fresh and for frozen semen, it is difficult to imagine 
that anyone would choose use of fresh semen, regard- 
less of how small the difference in risk of HIV trans- 
mission. 

The questions addressed in this study have been dis- 
cussed by many other studies, including one I pre- 
sented to this society 3 years ago.’ The major strengths 
of Dr. Adamson’s study are that it was a prospective 
study and that it included a crossover design in which 
the subjects were assigned equal numbers of insemi- 
nations with fresh or frozen semen with the order ran- 
domly determined. This design has not, to my knowl- 
edge, been applied to this question before. Random- 
ization is especially important because the group of 
patients studied was a disparate group, as the group of 
patients undergoing therapeutic donor insemination 
always is. Many of his subjects had several other po- 
tential causes of infertility. 

The weaknesses of this study are as follcws: (1) The 
study deals with a relatively small number of patients: 
57 women undergoing 72 treatment cycles of six or 
fewer inseminations each, giving a total of 198 insem- 
inations. (2) Semen analysis was done only periodically 


‘on the donors of the fresh specimens, not with each 


insemination. Further, semen analysis was not done on 
thawed specimens used for vaginal insemination. ‘Thus, 
although the article contains a table comparing sperm 
counts for both fresh and frozen sperm with both in- 
trauterine insemination and the vaginal inseminations, 
these counts are often estimated. The assumption of 


x 
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stability in count is, perhaps, reasonable for clinical de- 
cisions but not for scientific analysis. Given these ca- 
veats, what answers do the authors provider 

They tell us that when semen is applied to the cervix 
the cycle fecundity of fresh semen is 20.6% versus 7.8% 
per cycle for frozen semen, a Statistically significant 
difference. There is also a significant difference in the 
estimated cumulative probability of pregnancy at 3 
months, that for fresh semen being 55% and that for 
frozen semen being 23%. This is the most meaningful 
conclusion of the article. When the authors combined 
the vaginal and intrauterine data, there was also a sig- 
nificant difference between the fresh and frozen 
groups as one might anticipate since the intrauterine 
group is relatively small. 

When fresh and frozen sperm were compared for 
intrauterine inseminations alone, there was no signifi- 
cant difference. The authors concluded that in some 
way a defect present in frozen semen is overcome by 
the processes involved in intrauterine insemination, a 
conclusion I believe is not warranted by the data be- 
cause of the small number of patients studied and the 
fact that this aspect of the treatment was not randomly 
assigned. Hence, the authors’ discussions of possible 
reasons why fresh semen does not appear to be better 
than frozen for intrauterine insemination are quite 
speculative. 

This article supports the conventional wisdom, and 
the majority of reports in the literature, that the cycle 
fecundity of fresh semen is substantially better than that 
of frozen semen. I do not agree that a 3-month eval- 
uation of the cumulative probability of pregnancy is 
sufficient to assess the efficacy of frozen versus fresh 
semen. The literature suggests that follow-up extend- 
ing to 9 or 12 months will often show only minimal 
differences between the cumulative probabilities of 
pregnancy for fresh and frozen semen. 

It is clear that the use of frozen semen for therapeutic 
donor insemination is now the standard of care in the 
United States. Therefore I agree with the authors’ final 
statement that the reduced fecundity associated with 
therapeutic donor insemination with frozen sperm 
must be recognized in our counseling and management 
of couples undergoing therapeutic donor insemination. 
I personally believe the major variable in the insemi- 
nation process that affects the pregnancy rate is the 
total number of motile sperm delivered. I believe that 
as technology improves and this number increases for 
frozen semen, the time required to achieve a given 
cumulative probability of pregnancy with frozen spec- 
imens will be decreased. 
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Dr. KENNETH A. BURRY, Portland, Oregon. This is 
an excellent article. The experience at Oregon Health 
Sciences University in a prospective comparison of cycle 
fecundity with fresh and frozen semen is similar to that 
of the authors. Also similar are our results comparing 
intracervical and intrauterine insemination. Finally, we 
believe that when using intrauterine insemination with 
thawed sperm we also have obtained a cycle fecundity 
similar to that obtained using fresh semen. Our pro- 
gram therefore uses only quarantined, frozen semen. 
In your practice now do you still use fresh semen and 
intensive surveillance for HIV or do you use thawed 
semen with intrauterine insemination? 

Dr. ROBERT ISRAEL, Los Angeles, California. The 
authors have presented a superb, clear, and statistically 
thorough article. Most-of us are using intrauterine in- 
semination for homologous inseminations. Do you 
think we should go back to using the cervical cap rou- 
tinely for therapeutic donor insemination, except for 
women with cervical factor infertility? 

Dr. ENRIQUE DeCastrro, Portland, Oregon. How 
does the thawing time affect the sperm? What is the 
optimum time for insemination after thawing? 

Dr. ADAMSON (Closing). Dr. Young focused on the 
difference in fecundity between fresh and frozen 
sperm. Our study’s major strength is that it is a pro- 
spective randomized study. We do show a statistically 
significant difference between fresh and frozen sperm 
in fecundity and in 3-month cumulative pregnancy 
rate, These results are consistent with results reported 
by others in the literature after evaluation of more cy- 
cles with much less rigorous design and analysis. The 
difference in fecundity is especially significant for cou- 
ples with multiple factors that reduce fecundity. Many 
couples undergo only three or four cycles of donor 
insemination; therefore the 3-month cumulative preg- 
nancy rate difference is important in counseling. With 
fecundity of 0.094, insemination with frozen sperm will 
take 12 months to obtain the 68% pregnancy rate 
achieved in 5 months with fresh sperm. Most patients 
in our practice consider this a meaningful difference 
and prefer fresh sperm in spite of the risk of acquired 
immunodeficiency syndrome. This is especially true 
when this risk is compared with the risks of acquiring 
hepatitis C or dying of pregnancy complications. We 
perform exceedingly rigorous screening for infectious 
diseases to minimize the risk. We currently inform pa- 
tients of the differences in the risks and benefits be- 
tween fresh and frozen sperm and use our data to 
encourage them to undergo more cycles with frozen 
sperm. | 

The design of our study does not allow us to draw 
conclusions on the use of cervical cap compared with 
intrauterine insemination or on the effect of the num- 
ber of sperm inseminated. However, our data are con- 
sistent with those reported by others that suggest that 
intrauterine Insemination may improve pregnancy 
rates with frozen sperm. We agree that the total number 
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of motile sperm delivered is probably the most impor- 
tant controllable variable. 

Dr. Burry, we have recently changed our approach 
and perform one intrauterine insemination per cycle 
with two “straws” of frozen sperm approximately 12 to 
24 hours after a urinary LH surge. Should conception 
not occur after three cycles, we consider adding 150 
mg of clomiphene citrate on cycle days 3 to 7 for zhree 
to six cycles and finally recommend using human meno- 
pausal gonadotropin for one to three additional cycles. 
For women failing to conceive after this, we recommend 
in vitro fertilization, adoption, or child-free living. 

Dr. Israel, we use intrauterine insemination when we 
perform homologous insemination with controlled 
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ovarian hyperstimulation for patients with cervical fac- 
tar infertility, including poor cervical mucus, antisperm 
antibodies, and consistently poor postcoital or cervical 
mucus penetration tests. We also empirically use up to 
six cycles of intrauterine insemination for partners with 
abnormal semen analyses. For couples with sexual dys- 
function alone we use cap insemination; however, when 
there is a scheduling difficulty we also use intrauterine 
insemination of homologous frozen sperm. 

Dr. DeCastro, we thaw our specimens at room tem- 
perature because this method is convenient and prob- 
ably-as efficacious as.any other. We perform the insem- 
ination immediately to maximize the number of pro- 
gressively motile sperm placed in the uterus. 


Effect of controlled ovarian hyperstimulation o on pregnancy 
rates after intrauterine insemination 


Sheila J. DiMarzo, PhD, Joseph F. Kennedy, MD, Philip E. Young, MD, 
Stephen A. Hebert, MD, Dianne C. Rosenberg, MD, and Benito Villanueva, MD 


San Diego, California 


OBJECTIVE: Our objective was to evaluate the effect of controlled ovarian hyperstimulation on pregnancy 


rates after intrauterine insemination of washed husband's sperm. 


STUDY DESIGN: In a private practice setting at the Infertility, Gynecology, and Obstetrics Medical Group 
in San Diego, 79 treatment programs included intrauterine insemination during natural cycles, 195 included 
clomiphene stimulation, and 53 had human menopausal gonadotropin stimulation. Pregnancy rates and 
monthly fecundabilities were calculated by life-table analysis and compared by the Z test. 

RESULTS: By life-table analysis the cumulative probability of pregnancy after intrauterine insemination 
with no ovulation.induction is 21.0% after six cycles with a monthly fecundability of 3.4%. With clomiphene 
the pregnancy rate is 32.7% with a monthly fecundability of 6.1%, and with human menopausal 
gonadotropin the pregnancy rate is 60.7% with a monthly fecundability of 13.0%. The human menopausal 
gonadotropin group had a significantly higher pregnancy rate and monthly fecundability as compared with 
the other two groups. There were no differences between the no-stimulation and the clomiphene groups. 
CONCLUSIONS: Human menopausal gonadotropin stimulation results in a significantly higher pregnancy 
rate and monthly fecundability after intrauterine insemination as compared with no stimulation or 


clomiphene use. (AM J OpsTeT GYNECOL 1992;166:1607-13.) 


Key words: Controlled ovarian hyperstimulation, intrauterine insemination, pregnancy 


rates 


Intrauterine insemination with washed husband’s 
sperm has been used as a treatment for various forms 


of infertility for many years in spite of the fact that. 


questions about its effectiveness and rationale for use 
have abounded in the literature.' As techniques for 
sperm preparation improved,’ largely as a result of in 
. vitro fertilization (IVF) protocol developments, in- 
creased pregnancy rates have been reported,** whereas 
other reports indicate no such increases.* ° Conse- 
quently, clinical use of this procedure has continued in 
spite of the lack of adequately controlled studies dem- 
onstrating its efficacy. 

Controlled ovarian hyperstimulation followed by in- 
trauterine insemination with husband’s washed sperm 
has also been used with increasing frequency,”"® pat- 
ticularly in situations where a stimulation cycle fails to 
meet the criteria to proceed with a gamete intrafallo- 
pian transfer (GIFT) or IVF cycle."' Considering a pa- 
tient’s investment in terms Of cost, time, and emotional 
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stress itis often preferable to offer intrauterine insem- 
ination, assuming that at least one fallopian tube is pa- 
tent, rather-than to completely cancel the style. The 
success of these treatments has prompted some clini- 
cians to recommend a trial of a few months of intra- 
uterine insemination with controlled ovarian hyper- 
stimulation before GIFT or IVF for patients with pa- 
tent tubes.’” 12 13 

Within our practice patients with varying diagnoses 
have been offered intrauterine insemination for several 
years. Some received ovulation induction medications 
to correct ovulatory disorders and others were hyper- 
stimulated as an empiric treatment, usually after the 
failure of intrauterine insemination without stimula- 
tion. This article is a retrospective study comparing 
pregnancy rates in three treatment groups of patients: 
no ovarian stimulation followed by intrauterine insem- 
ination, clomiphene treatment followed by intrauterine 
insemination, and human menopausal gonadotropin 
(hMG) hyperstimulation followed by intrauterine in- 
semination. Individual patient, couples often fell into 
two or all three treatment groups for one or more cycles 
as their workup progressed. In all cases intrauterine 
insemination was done with washed husband’s sperm. 
Pregnancy rates are compared between the three treat- 
ment groups, and the patient treatment groups are 
described in respect to patient age, number of insem- 
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Table I. Cumulative probability of pregnancy after intrauterine insemination with no ovulation induction 
(life-table analysis) l 












Person 
months 











Observed at No. lost 





Cycle start of No. of to follow- 

No. pregnanzies 
l 79 2 2 77 
2 46 0 2 44 
3 27 3 4 23 
4 17 l 2. 15 
5 9 0 0 9 
6 6 0 0 6 
7 2 0 l J] 
8 0 0 0 0 


ination cycles per treatment group, number of motile 
sperm used for insemination, and number of insemi- 
nations per treatment cycle. 


Material and methods 


Couples who had undergone extensive infertility 
evaluations and treatments were offered intrauterine 
insemination of washed husband’s sperm as a treatment 
option. They were eligible to participate if the male had 
any motile sperm and if the female had at least one 
open fallopian tube and ovulated either spontaneously 
or with medication. Data include all intrauterine insem- 
ination cycles with husband’s washed sperm that took 
place within our practice in the years 1988 through 
1990. If a couple in the study had insemination zycles 
in a prior year, those cycles were included. Many of the 
patient couples were evaluated for their infertility 
within our practice, but some were referred specijcally 
for insemination with washed husband’s sperm. 

“A treatment program is defined as a series of mcnthly 
cycles of intrauterine insemination with washed hus- 
band’s sperm for the purpose of achieving a pregrancy. 
Some ovulatory cycles were natural, meaning no stim- 
ulation medications were used, some cycles were stim- 
ulated with clomiphene, and others were stimulated 
with hMG. Ovulation was pinpointed by home urinary 
luteinizing hormone (LH) testing and, occasicnally, 
with serial ultrasonographic examinations and hor- 
mone assays measuring estradiol, progesterone, and 
LH (Diagnostic Products, Los Angeles). Inseminations 
were usually performed on the day after the LH surge 
when there was one insemination and on the Cay of 
the LH surge and the day after if two inseminations 
took place. If clomiphene was given, the dosage ranged 
from 25 to 200 mg/day (most commonly 50 mg/day) 
for 5 days in the early follicular phase. If hMG was 
used, injections usually began on cycle day 3 with one 
or two ampules and continued until day 8, at which 
time hormonal and ultrasonographic measurements 
were used to individualize the protocol to achieve the 
desired results. Patients on the hMG protocol received 










Probability of Probability of no Cumulative probability 
pregnancy! cycle | pregnancy in cycle of pregnancy 
0.026 - 0.974 0.026 
QO 1 0.026 
0.13 0.87 0.153 
0.067 | 0.933 0.21 
0 ] 0.2] 
0 1 0.21 
0 ] 0.21 
0 l 0.21 


10,000 IU of human chorionic gonadotropin when hor- 
monal values and ultrasonographic measurements in- 
dicated mature follicles. Inseminations were timed for 
36 hours later (one insemination) or 12 and 36 hours 
later (two inseminations). Many patients started with 
one treatment protocol and switched to a second or 
third protocol if pregnancy was not achieved. Typically, 
intrauterine inseminations were first done in the ab- 
sence of stimulation unless specific ovulatory disorders 
were found. Patients not achieving pregnancy often 
were switched to clomiphene treatment and. finally to 
hMG treatment in hopes of initiating a pregnancy. 
Semen specimens were collected by masturbation 
into a sterile plastic specimen container and delivered 
to the laboratory within | hour of collection. The spec- 
imen was first analyzed for sperm count and motility 
with a computerized semen analysis system (CellSoft, 
Cryo Resources, New York) and then mixed with two 
to three volumes of Sperm Capacitation Medium (Ir- 
vine Scientific, Irvine, Calif). The diluted semen was 
centrifuged at 900 rpm for 7 minutes, the supernatant 
was removed, and the resulting pellet was resuspended 
in 2 ml of medium. After recentrifugation at 900 rpm 
for 4 minutes, the supernatant was removed and the 
pellet was resuspended to 0.3 ml with medium. A final 
analysis was done to determine total motile sperm for 
insemination, and the medium containing the washed 
sperm was drawn up into the transfer catheter and 
delivered to the examination room for insemination. 
The transfer catheter was a 5¥%-inch sterile polyethyl- 
ene 3%2Fr Tomcat catheter (Sherwood Medical, St. 
Louis) attached to a 1 ml disposable syringe. With the 
patient in the lithotomy position and a speculum in 
place, the transfer catheter containing the washed 
sperm was passed gently through the cervical canal and 
into the uterine cavity. The specimen was expelled from 
the catheter, and the catheter was removed. The patient 
rested for 10 to 15 minutes and then resumed normal 
activity. 
Comparisons of the pregnancy rates for intrauterine 
insemination of husband’s washed sperm in natural cy- 
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Table II. Cumulative probability of pregnancy after intrauterine insemination with clomiphene 
administration (life-table analysis) 












Person 














Observed at No. lost months 
Cycle slart of No. of to follow- 
No. pregnancies up 





l 195 12 14 18] 
2 127 8 4 123 
3 8] 8 4 77 
4 49 0 2 47 
5 34 J 3 31 
6 19 2 ] 18 
7 12 0 ] ll 
8 ri 0 0 7 
9 6 0 0 6 
10 4 0 0 4 
l1 3 Q 0 3 
i2 2 0 0 2 
13 ji Q Q 1 
14 0 0 0 0 


cles, clomiphene-stimulated cycles, and hMG-stimu- 
lated cycles were made by the statistical methods de- 
scribed in detail by Cramer et al." Life tables were 
constructed and monthly fecundabilities were deter- 
mined. The Z test was used to compare the monthly 
fecundabilities, pregnancy rates, and the other vari- 
ables discussed. 


Results 


For the treatment group receiving intrauterine in- 
semination without ovulation induction, there were six 
pregnancies among 79 treatment programs. These 79 
treatment programs included a total of 186 insemina- 
tion cycles, for an average monthly fecundability of 
3.2%. For the treatment group receiving intrauterine 
insemination after clomiphene administration, there 
were 3] pregnancies among 195 treatment programs. 
These 195 treatment programs included a total of 540 
insemination cycles, for an average monthly fecunda- 
bility of 5.7%. For the treatment group receiving in- 
trauterine insemination after hMG stimulation there 
were 13 pregnancies among 53.treatment programs. 
These 53 treatment programs included a total of 104 
treatment cycles, for an average monthly fecundability 
of 12.5%. By Z test analysis the differences in monthly 
fecundabilities between no ovulation induction versus 
hMG stimulation is significant (p = .005) as is that be- 
tween clomiphene administration and hMG stimulation 
(p = 0.02). The monthly fecundability for intrauterine 
insemination with clomiphene administration is not sta- 
tistically different from that after no ovulation in- 
duction. = 

The life-table analysis for the cumulative probability 
of pregnancy after intrauterine insemination for each 
of the treatment groups are shown in Tables I, IH, and 
HI. In Table I the cumulative probability of pregnancy 


pregnancy! eyele 








Probability of Probability of no 


pregnancy in cycle 


Cumulative probability 
of pregnancy 








0.066 0.934 0.066 
0.065 0.935 0.127 
0.104 0.896 0.218 
0 l 0.218 
0.032 0.968 0.243 
0.11] 0.889 0.327 
0 ] 0.327 
0 l 0.327 
0 I 0.327 
0 I 0.327 
0 l 0.327 
0 J 0.327 
0 ] 0.327 
0 ] 0.327 


following IUI with no ovulation induction is 21.0% af- 
ter six insemination cycles. This life-table analysis es- 
timates the monthly fecundability as 3.4% with a 95% 
confidence interval of 0.7% to 6.2%. In Table II the 
cumulative probability of pregnancy after intrauterine 
insemination and clomiphene administration is 32.7% 
after six insemination cycles. This life-table analysis es- 
timates the monthly fecundability as 6.1% with a 95% 
confidence interval of 3.9% to 8.2%. In Table III the 
cumulative probability of pregnancy after intrauterine 
insemination after hMG stimulation is 60.7% after six 
insemination cycles. The life-table analysis estimates the 
monthly fecundability as 13.0% with a 95% confidence 
interval of 5.9% to 20.1%. By Z test analysis the dif- 
ferences in monthly fecundabilities between no ovu- 
lation induction versus hMG stimulation is significant 
(p = 0.006) as is that between clomiphene administra- 
tion and hMG stimulation (p = 0.026). The monthly 
fecundability for intrauterine insemination with clo- 
miphene administration is not statistically different 
from that after no avulation induction. The differences 
between the cumulative probability of pregnancy after 
six Insemination cycles for intrauterine insemination 
with no ovulation induction versus hMG stimulation is 
significant (p < 0.001), as is that between clomiphene 
administration and hMG stimulation (p < 0.001). The 
cumulative probability of pregnancy after six insemi- 
nation cycles for intrauterine insemination with clo- 
miphene administration is not statistically different 
from that after no ovulation induction. 

To determine if there was some variable that was 
different among the three treatment groups which 
might explain these differences in pregnancy rates, sev- 
eral factors were investigated, as shown in Table IV. 
This table indicates that in terms of the age of the 
woman, the number of insemination cycles per treat- 
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Table ILI. Cumulative probability of pregnancy after intrauterine insemination with hMG stimulation 
(life-table. analysis) 













Person 















a 






Observed ai No. lost months 

Cycle start of No. of to 0 Probability of Probability of no Cumulative probability 
No. cycle pregnanzies | follow-up | follow-up | pregnancy/cycle | pregnancy in cycle of pregnancy 

1 53 6 3 50 0.12 0.88 0.12 

2 27 4 1 26 0.154 0.846 0.256 

3 13 1l 0 13 0.077 0.923 0.313 

4 7 l 0 7 0.143 0.857 0.411 

5 3 1 0 3 0.333 0.667 0.607 

6 I 0 0 I 0 i 0.607 

7 0 0 0 0 0 I 0.607 


Table IV. Values of several factors descriptive of treatment groups 


No ovulation induction 


Clomiphene administration AMG stimulation 


Age of female patient (yr) 


_ Total 3.2 + 3.4 27-40 
Pregnant 31.7 £19 29-34 
Not pregnant 33.3 + 3.4 27-40 

No. of insemination cycles 
per treatment program 
Total 2:5 1.6 l-7 
Pregnant 1.8 + 0.7 1-3 
Not pregnant 2.3 + 1.6 1-7 

Motile sperm (millions) 
per insemination cycle 
Total _ 2) 35 1-240 
Pregnant 40 + 49 3-33 
Not pregnant 21 BO 1-240 

No. of inseminations per 
treatment cycle 
Total 1.4 + 0.5 1-3 
Pregnant 1.2 + 0.4 1-2 
Not pregnant 1.42 0.5 1-3 


ment program, the number of motile sperm per insem- 
ination cycle, and the number of inseminations per 
treatment cycle there were nc differences between the 
three treatment groups. In addition, the percent of 
patients in each treatment group who had never been 
pregnant (before starting the treatment program) was 
not different (51% for intrauterine insemination with- 
out ovulation induction, 51% for intrauterine insemi- 
nation after clomiphene administration, and 46% for 
intrauterine insemination after hMG stimulation). 
Table IV also shows that there is no difference in any 
of these variables between the pregnant and nonpreg- 
nant patients within each of the three treatment groups. 

Each treatment group consisted of a very diverse 
patient population. Some patient couples had idio- 
pathic infertility, whereas others had one or more male 
and/or female infertility factors present. The distri- 
bution of the numbers of male or female infertility 
factors did not differ between the treatment groups 


33.5 + 4.3 25-46 34.4 + 4.4 24-46 
31.7 + 3.9 25-39 33.9 + 2.6 28-38 
33.6 + 4.3 25-46 34.5 + 4.9 24-46 
98.2 2.1 1-13 2.0 + 1,3 1-6 
22+ 1.4 1-6 2.0 + 1.2 1-5 
2.9 + 2.3 1-13 90+ 1.3 1-6 
4] + 55 1-396 41 + 44 1-194 
48 + 73 2-596 48 + 34 2-123 
40 + 55 1-387 40 + 45 1-194 
14+ 0.5 l-4 1.7 + 0.5 1-3 
14+ 0.5 1-2 1.7 + 0.5 1-2 
1.4 + 0.5 1-4 7+ 05 1-3 


nor did it differ between the pregnant and nonpreg- 
nant patients within each group. : 

The treatment group that had intrauterine insemi- 
nation after hMG stimulation had the highest overall 
pregnancy rate, although many of these patients (38%) 
had undergone an average of 4.6 + 3.1 (range | to 11) 
insemination cycles with no ovulation induction or clo- 
miphene administration before hMG stimulation. Of 
the hMG-stimulated patients who achieved a preg- 
nancy, 54% had undergone an average of 3.6 + 3.5 
(range 1 to 11) insemination cycles in one or both of 
the other two treatment groups. 


Comment 


This retrospective study of patient couples receiving 
intrauterine insemination treatment with husband’s 
washed sperm clearly demonstrates a significantly in- 
creased pregnancy rate and monthly fecundability after 
controlled ovarian hyperstimulation with hMG as com- 
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pared with the pregnancy rates in the absence of ovu- 
lation induction or with the use of clomiphene. These 
differences are not due to differences in the patient 
populations because they are very similar in terms of 
the age of the female patient, her gravidity, the number 
of infertility factors, the number of intrauterine insem- 
ination treatment cycles, the number of motile sperm 
per intrauterine insemination cycle, and the number of 
inseminations per intrauterine insemination cycle. If 
anything, the study design should have skewed the re- 
sults toward lower pregnancy rates with intrauterine 
insemination after hMG stimulation because a large 
number of these patient couples had already failed with 
intrauterine insemination in the absence of ovulation 
induction or with clomiphene administration. It is of 
interest to note that clomiphene use did not increase 
the pregnancy rate after intrauterine insemination in 
this study, a finding supported by Martinez et al.” 

In our clinical practice we continue to offer intra- 
uterine insemination with washed sperm for treatment 
in patients with a variety of infertility factors. In some 
cases the rationale is straightforward, such as with oli- 
gospermia or cervical factor. In other cases, such as 
ovulation disorders or endometriosis, the treatment is 
more empiric. The addition of controlled ovarian hy- 
perstimulation to the intrauterine insemination pro- 
tocol is clearly therapeutic in the presence of ovulatory 
disorders and empiric in most others. This study sup- 
ports our clinical approach and, in fact, has led us to 
consider hMG stimulation sooner in a patient’s treat- 
ment, especially after four to six failed intrauterine 
insemination cycles with clomiphene administration. 
This clinical approach and the finding of a limited suc- 
cess after four to six treatment cycles is supported in 
the literature."''% "7 

Drawbacks to the use of hMG stimulation before in- 
trauterine insemination include the relative cost of a 
treatment cycle in view of the medication costs, the 
necessity of increased monitoring by hormone assays 
and ultrasonographic measurements, and the risks of 
ovarian hyperstimulation and multiple gestation. Al- 
though the cost of an hMG-stimulated intrauterine in- 
semination cycle is expensive, it is still substantially less 
expensive than an IVF or GIFT procedure. The med- 
ical risks of hMG stimulation can be minimized by very 
careful preovulatory monitoring of the changes in fol- 
licle size and number and the increase in hormonal 
levels. Consequently, hMG stimulation followed by in- 
trauterine insemination appears to be a reasonable 
treatment approach before IVF or GIFT treatment for 
many patients.’ "? 

Recent literature reviews have carefully examined 
the rationale and success of this treatment ap- 
proach.’* Explanations for a higher pregnancy rate 


Controlled ovarian hyperstimulation and intrauterine insemination success 1611 


for empiric hMG therapy and intrauterine insemina- 
tion include the opportunity for increased gamete den- 
sity at the site of fertilization and the potential correc- 
tion of subtle ovulatory disorders. 


We thank Marda Levy, Denise Wiedman, Dina Ash- 
mead, and Jackie Post for their technical expertise and 
data collection assistance. 
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Editors’ note: This manuscript was’ revised after these 
discussions were presented. : 


Discussion 


Dr. KENNETH A. Burry, Portland, Oregon. Dr. Vil- 
lanueva and his colleagues have retrospectively re- 
viewed their clinical experience of 253 treatment pro- 
grams from 1988 through 1990 in which intrauterine 


insemination was performed. Their conclusion is that ` 


performing this procedure after hMG stimulation 


yields a significantly higher pregnancy rate, or menthly 


fecundability, as compared with intrauterine insemi- 
nation. after no ovulation induction or clomiphene 
treatment. 

They divided fie treatment programs into -three 
groups: (1) intrauterine insemination in a sponta- 
neously ovulatory cycle, (2) intrauterine insemiration 


after clomiphene citrate stimulation, and (3) intrauter- . 


ine insemination after hMG stimulation.. These erpiric 
treatment regimens were used for multiple infertility 
factors, both male and female. Many. of the ccuples 
themselves had multiple factors ones to a 
infertility. : 
Intrauterine insemination with and without a male 
factor has also been used empirically for the treazment 
of multiple factors causing infertility. The literature 
gives us a mixed message concerning the efficacy of 
this therapy. Kerin et al.' claim that intrauterine insem- 
ination was superior to coitus in couples with im paired 
semen quality. Cruz et al.? found it superior to intra- 


uterine intracervical insemination in male factor infer- 


tility. On the other hand, te Velde et al.* showed that 
intrauterine insemination was no better than coitus for 
male factor; however, it was efficacious in women with 
cervical factor. A larger study by Kirby et al.* cf 285 
couples compared 600 cycles of intrauterine insemi- 
nation with 505 cycles of coitus timed by an LH surge. 
They found no benefit to intrauterine insemination ex- 
cept for severe male factor. _ 

GIFT and IVF are currently used as a last resort by 


many couples with long-standing infertility. These are _ 


expensive technologies with relatively ‘low probability 
of pregnancy. Welner et al.° reported a significant preg- 
nancy rate in 97 couples who received hMG before 
_ proceeding to IVF. Many centers are currently offering 
“ovarian hyperstimulation and intrauterine insemina- 
tion as an option’ before these Aesisted pene 
technologies. 


Empiric ovulation induction in ovulatory women has ° 
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been used the treatment of unexplained infertility or 
conditions associated with low fecundability, such as 
endometriosis. Deaton et al.* reported an increase in 
cycle fecundity in women treated with clomiphene and 
intrauterine insemination. Martinez et al.’ however, saw 
an increased pregnancy rate with intrauterine insemi- ` 
nation only and not with clomiphene. The experience 
with hMG and intrauterine insemination is more con- ; 
sistent. Dodson et al.* reported their experience with 
hMG and intrauterine insemination in 1987. They - 
showed cycle fecundities of 0.17 for endometriosis, 0.29 — 
for cervical factor, and 0.19 for idiopathic infertility. . 
The editorial comment at the end of their article is 
worth repeating: “The decision to publish this contro- 


versial manuscript has been made with the intent of . 


stimulating debate. The referees feel strongly that, be- . 
fore advocating intrauteriné insemination during. 
hMG-stimulated cycles, a prospective controlled study ` 
with critically evaluated infertile patients is mandatory. 
The advocating of this essentially empiric therapy can- 
not be supported by the rather meager retrospective — 
data presented. The authors agree that they cannot * 
state that this approach is effective therapy but have . 
reported their observed cycle fecundity with its use. 
Clinicians should be discouraged from applying this ` 
therapy until controlled prospective studies can sup- ` 
port this approach.” This year, Chaffkin et al.° reported , 
on 322 couples observed for 751 cycles. They found 
that hMG and IUI were more efficacious than either ‘ 
modality alone. Although their study reviewed more : 
patients than previous studies, this was another retro- - 
spective evaluation of clinical experience. Dodson and `’ 
Haney” reviewed the literature and reported in Fertility ` 
and Sterility. Their concluding sentence reads, “When “ 
the relatively low direct and indirect costs of controlled `. 
ovarian hyperstimulation and [UI [intrauterine insem- . 

ination] are considered, acknowledging the lack of pro- ` 
spective, controlled studies, this procedure appears to. . 


| - be at least as cost-effective as GIFT and IVF.”!° 


The conclusions by Dr. Villanueva are consistent with . 
the majority of the literature on this subject. The weak- ` 
ness in the-article is that it is another retrospective eval- « 


uation of clinical experience. Another concern in the:. 


interpretation of their results is the multiple etiologies- i 
For infertility in their patient population. 
Endometriosis is associated with low fecundability. 


Ovulatory disorders are associated with a near-normal ' 


fecundability when appropriately treated. Male factor — 
infertility is a broad category, and the number of nor- . 
mal motile cells available for insemination is important. , 
Therefore variations in patient populations between 

groups within a study, as well as between studies, may 

lead to a significant bias of results. k 
_ Ihave these questions for Dr. Villanueva: (1) You state | 
there are no differences between the three groups. © 
However, I see that 62.3% of the no-ovulation induction -: 
group had endometriosis compared with 40.3% of the 
clomiphene group and 22% of the hMG group. Do you | 
think endometriosis has an impact on the differences in ‘ 
pregnancies among these three groups? (2) Similarly, * 
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the no-induction group had 41.6% of couples with nor- 
. mal male factor compared with the clomiphene group 
with 59.7% and the hMG group with 66% normal male 
factor. Was this not significant? (3) On the basis of your 
experience, what are your current recommendations 
for management of unexplained infertility or endo- 
metriosis in patients with long-standing infertility? 
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Dr. SIMON HENDERSON, San Francisco. To do intra- 
uterine insemination or not to do it, that is the question. 
- This article does not really answer the question, a ques- 
tion that begs to be answered. Dr. Villanueva, can you 
tell us your pregnancy rates for clomiphene and go- 
nadotropin treatment without intrauterine insemina- 
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tion? This information would help us approach an an- 
swer to the- question of whether intrauterine insemi- 


‘nation is a necessary part of the treatment. 


Dr. Murs Novy, Portland, Oregon. I echo Dr. Bur- 
ry’s comment about the need for prospective controlled 
studies. It is imperative that in evaluating the efficacy 
of these methods we compare fairly large groups that 
have comparable causes of infertility. Dr. Villanueva, 
an hMG-intrauterine insemination cycle can cost 
=$2000 by the time you add up the costs of the drug 
and the estradiol and ultrasonographic monitoring. 
The objective of treatment in these women Is to prevent 
severe ovarian hyperstimulation and to obtain a limited ~ 
number of follicles, maybe two or three. This objective 
is quite different from. that with hyperstimulation for 
IVF. This milder effect is frequently achieved with 100 
or 150 mg of clomiphene per day and a simple mon- 
itoring regimen with a’ total cost of a few hundred 
dollars. Would you comment on costs? Finally, Dr. 
Villanueva, please tell us more about the idiopathic 
infertility group. It seemed to me from your presen- 
tation that there were only 11 patients with idiopathic 
infertility; that only two were in the hMG group and 


‘neither became pregnant. 


Dr. DONALD SMITH, Seattle, Washington. Did you use 
progesterone supplementation in the luteal phase for 
your hMG patients? 

Dr. VILLANUEVA (Closing). Dr. Burry, thank you for 
your evaluation. I repeat that we found no statistical 
difference in the probability of pregnancy between 
these groups irrespective of their infertility cause. Also, 
in the no-stimulation group, a group that had a higher 


. percentage of patients with endometriosis, there was 


also a higher percentage of pregnancies in patients with 
that diagnosis. The difference was not statistically sig- 
nificant. We now first-offer our patients with long- 
standing infertility intrauterine insemination without 
ovulation induction. We still use clomiphene stimula- 
tion empirically for a short time, perhaps four or six 
cycles. Then, rather than continuing or moving on to 
the admittedly more expensive and complicated IVF 
or GIFT, we offer nMG stimulation with intrauterine 
insemination. 

Dr. Henderson asked whether we have data òn cycles 
with hMG clomiphene stimulation without intrauterine 


, insemination. Unfortunately, I have none at this time. 


Dr. Novy, we are very mindful of the cost. I agree 
with you and with Dr. Burry about the need for a pro- 
spective study. Until this is done, these questions will 
be open to argument. 

Dr. Smith, we do not use progesterone supplements. 


Percutaneous umbilical blood sampling: Results from a 


multicenter collaborative registry 


Durlin E. Hickok, MD, MPH, Marlin Mills, MD, and 


the Western Collaborative Perinatal Group 


Seattle, Washington, and Phoenix, Arizona 


Percutaneous umbilical blood sampling has become an important diagnostic tool in the evaluation of fetal 
health. Although recent reports have established the safety of this procedure, most have arisen from single 
centers with extensive experience. The Western Perinatal Collaborative Group has maintained a 
continuous registry of percutaneous umbilical blood sampling performed at the 13 member institutions for 
the years 1986 through 1990. During this period 302 procedures were performed. Primary indications for 
percutaneous umbilical blood sarrpling included Rh and non-Rh isoimmunization, intrauterine growth 
retardation, nonimmune hydrops, fetal anomalies, immune thrombocytopenia purpura, and rapid fetal 
chromosome analysis. Percutaneous umbilical blood sampling was successfully performed in 93.7% of 
cases with a sample withdrawn by a single puncture in 80.5% of atternpts. In the majority of cases a 
22-gauge needle was used. Postprocedural fetal death resulted in six cases (2.1%) and was most often 
associated with fetal anomalies or an abnormal karyotype. In conclusion, evaluation of the fetal state by 
percutaneous umbilical blood sarrpling is a safe and easily performec procedure, as demonstrated by a 
collaborative multicenter study. (Am J Ospstet GynecoL 1992;166:1614-8.) 
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Percutaneous umbilical blood sampling has become 
an increasingly more important and frequently per- 
formed diagnostic procedure in evaluating fetal 
health.'° This relatively new technology has also al- 
lowed more direct access to the fetus for treatment in 
conditions such as Rh isoimmunization.* 

Although fetal bradycardia and uterine irritability 
are recognized transient side effects of percutaneous 
umbilical blood sampling,’ sertous complications such 
as fetal death appear to be quite uncommon. The safety 
of the procedure, however, has largely been established 
from studies originating from single centers with ex- 
tensive experience of only a few operators. 

As tertiary level perinatal centers in the United States 
have greatly increased over the last decade, invasive 
obstetric procedures are now performed at a large 
number of locations, quite in contrast to the more cen- 
tralized experience reported in other countries.** We 
conducted a multicenter investigation to assess the 
safety of the procedure. 


From the Center for Perinatal Stuaies, Swedish Hospital Medical 
Center and Departments of Epidemiology and Obstetrics and Gyne- 
cology, University of Washington," and the Good Samaritan Medical 
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‘ Material and methods 


The Western Perinatal Collaborative Group is a non- 
profit research organization that maintains a registry 
of invasive obstetric procedures performed at its 13 
member institutions. Each institution performed per- 
cutaneous umbilical blood sampling by its own method, 
and a protocol for the procedure was neither developed 
nor suggested. During the time period of 1986 through 
1990, a total of 302 procedures were attempted for 
diagnostic purposes at six of the 13 institutions. Data 
were collected on standardized forms and included in- 
formation regarding indications for the procedure, 
technical details, ultrasonographic findings, tests per- 
formed, procedure-related complications, and peri- 
natal outcome. For the purpose of common reporting, 
we used 3 days after the procedure as the definition of 
an intrauterine death. Statistical analysis was per- 
formed with the Statistical Program for the Social Sci- 
ences. 


Results 


During the study period, 302 percutanecus umbilical 
blood sampling procedures were attempted between 16 
and 39 gestational weeks for a variety of indications 
(Table 1). The most frequent reasons included Rh iso- 
immunization, idiopathic thrombocytopenia, nonim- 
mune hydrops, fetal anomalies, and idiopathic throm- 
bocytopenia purpura. Of the 302 procedures, 283 were 
accomplished, for a success rate of 93.7%. 
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The procedure was performed most frequently with 
a 22-gauge needle (81.6% of cases) and next most com- 
monly with a 20-gauge needle (15.6% of cases). A 25- 
gauge needle was used in <3% cases (Table II). The 
placenta was located anteriorly in 65.5% of cases and 
postertorly in 30.2%. In <5% of percutaneous umbil- 
ical blood sampling was the placenta fundal or a previa. 
Cord sampling was performed by an approach next to 
the placental insertion site in 89.6% and adjacent to the 
fetus or in a free loop in approximately 10% of cases. 
Antibiotic treatment of the mother was not routinely 
used at any center. During or after the procedure to- 
colytic agents were used in 33.0% of cases. 

Immediate procedural complications occurred infre- 
quently, with only a single case leading to immediate 
delivery due to a prolonged bradycardia that, at the 
time of cesarean section, was found to be caused by an 
inadvertent cord laceration. Transient streaming of 
blood from the cord was common (89.4%), but it per- 
sisted for longer than 1 minute in only 10.6% of cases 
(Table IH). Fetal heart rate changes were infrequent, 
occurring <7% of the time. 


More severe complications leading to fetal death | 


within 3 days of the procedure occurred in six cases 
(2.1%). Four of the six cases were performed for fetal 
anomalies and the remaining two for severe Rh iso- 
immunization (Table IV). In one case of multiple anom- 
alies, a karyotype of trisomy 18 returned after fetal 
death had occurred. 


Comment 


Our results from a multicenter collaborative registry 
support the safety and effectiveness of percutaneous 
umbilical blood sampling. The indications for the pro- 
cedure in this collaborative registry are similar to those 
reported in the literature, with the exception of Rh and 
nonisoimmunization being two of the three most com- 
mon primary indications." * This may reflect differ- 
ences in the referral patterns and a relatively more 
aggressive approach to the patient with a high titer 
indirect Coombs’ test of institutions participating in this 
study. The direct determination of fetal disease severity 
through hematologic (rather than amniotic fluid test- 
ing) and the potential elimination of serial amniocen- 
tesis in mothers with an antigen-negative fetus are im- 
portant advantages of percutaneous umbilical blood 
sampling. Forty-five procedures were done for severe 
intrauterine growth retardation. This is an important 
indication for percutaneous umbilical blood sampling, 
as 17% of severely growth retarded fetuses were found 
to have chromosomal anomalies in a recent series by 
Bilardo and Nicolaides.’ 

The majority of cases in this study were performed 
with a 22-gauge needle, which is similar in size to that 
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Table I. Primary indication for percutaneous 
umbilical blood sampling (N = 302) 


. Indication Na. 
Rh isoimmunization 65 
Intrauterine growth retardation 45 
Non-Rh isoimmunization 44 
Nonimmune hydrops 3] 
Multiple anomalies 22 
Neural tube defects 21 
Idiopathic thrombocytopenic purpura 20 
Abnormal amniocentesis 12 
Other* 42 


*Includes (<10 each) cardiac malformations, congenital in- 
fections, pleural effusions, fetal distress, alloimmune throm- 
bocytopenia, hemoglobinopathies, metabolic disorder risks. 


Table II. Procedural characteristics (n = 283) 


Characteristic % 


Needle size 


20 gauge 15.6 

22 gauge 81.6 

25 gauge 2.8 
Placental location 

Anterior 65.5 

Posterior 30.2 

Fundal 4.0 

Previa 0.4 
Location of insertion 

Placental 89.8 

Fetal 4.3 

Free loop 5.9 
Use of tocolvtics 

Yes 33.0 

No 67.0 


described by others.* ° In one of the largest series to 
date, however, Daffos et al. universally used a 20-gauge 
needle with a very low reported complication rate.® Few 
data exist relating procedural complications to needle 
size, and to our knowledge, no randomized trials ad- 
dressing this question have been performed. 

An anterior placental location site was noted in 65.5% 
of our cases, which is in agreement with results reported 
by Orlandi et al.’ The investigators in our series ob- 
tained samples from the cord adjacent to the placenta 
in 89.9% of cases and from a free loop or near the fetus 
in the remaining 10.2% of cases. Sampling sites were 
at the placental cord origin in 63.5% of 96 cases re- 
ported by Weiner” and 72.2% of 322 cases described 
by Boulot et al.’ 

The duration of blood streaming from the cord and 
fetal heart rate changes after sampling have been ex- 
amined as potential markers for procedural compli- 
cations. We found bleeding for longer than 1 minute 
from the cord puncture site in 10.6% of cases. In one 
case an immediate cesarean section was performed 
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Table IHI. Procedural complications (n = 283) 


Duration of streaming 


<l min 89.4 

=] min 10.6 
Fetal heart rate change 

None 93.5 

Bradycardia 5.8 

Tachycardia 0.7 


Table IV. Fetal death within 3 days 
of procedure 


Case Gestational 

No. Indication | age (wk) Karyotype 
l Encephalocele 22 ND 
2 Nonimmune hydrops 30 Normal 
3 Multiple anomalies, 23 ND 

fetal distress 

4 Multiple anomalies 27 47 + 18 
5 Rh isoimmunization 32 ND 
6 Rh isolmmunization 24 ND 

ND, Not done. 


where-a small cord laceration was found. No apparent 
. adverse neonatal outcome resulted. This figure is well 


‘- within the range of 6% to 13% described by others.°!! 


Our: 5.8% rate of transient bradycardia after percuta- 
neous umbilical blood sampling was also similar tò the 
3% to 12% described by others.® '* “© Although cord 
hematomas and amnionitis have been described in 
other series, we did not encounter either of these zom- 
plications. 

Unexpected fetal death after a percutaneous umbil- 
ical blood sampling procedure is clearly the most se- 
rious of all potential complications. This risk mzy be 
modified by a number of factors including the severity 
of fetal disease at the time of the procedure, the intra- 
uterine natural history of the disease for which the <etus 
is being tested, the gestational age at the time, and the 
experience of the operator. Intrauterine death rates 
may be expected to vary from center to center. de- 
pending on the above considerations. For example, the 
fetus with hydrops or an autosomal trisomy has a Door 
intrauterine prognosis even without the potential 
added risk associated with the diagnostic procedure. In 
addition, gestational age at the time of testing may mod- 
ify the direct risk of the procedure’ and limit thera- 
peutic options. For instance, a fetus of advanced ges- 
tational age may be delivered after a procedural com- 
plication and treated in the nursery. In contrast, the 
option of delivering a very immature fetus would not 
exist and an intrauterine death may be more likely. 

Although operator experience is undoubtedly im- 
portant with respect to the safety and effectiveness of 


diagnostic procedures such as percutaneous umb_lical . 
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blood sampling, it has been argued that it should only 
be performed at large centers with extensive and con- 
tinuing experience.’ Reports addressing this question, 
however, have been mixed. Boulot et al.* found a rate 
of fetal death in utero of 1.9% in a report of 322 per- 
cutaneous umbilical blood samplings, performed in 277 
pregnancies. All complications occurred in the first 30 
procedures performed by each operator and none in 
the subsequent 210 procedures. In a study of 500 per- 
cutaneous umbilical blood sampling procedures per- 
formed between 12 and 21 weeks by a single operator, 
Orlandi et al.,’ to the contrary, found no relationship 
between experience and the rate of fetal loss. As many 
fetal deaths were encountered in the first 100 proce- 
dures as in the last 100 in the series. 

Our intrauterine fetal death rate of 2.1% compares 
favorably with reports of others.®® With the low fre- 
quency of fetal death and clinically and demographi- 
cally dissimilar populations, statistical comparison of 
our study with others would not be meaningful. Four 
of the intrauterine deaths in our series were associated 
with fetal anomalies or chromosomal aneuploidies. The 
remaining two fetal deaths were complicated by Rh 
isoimmunization at 24 and 32 weeks. No immediate 
complications were noted in either Rh isoimmunization 
case and causes for intrauterine deaths were not ap- 
parent. It could be argued, however, that the 32-week 
gestation complicated by Rh isoimmunization could po- 
tentially have survived had the complication been im- 
mediately recognized. 

In conclusion, the results from this multicenter study 
of 283 percutaneous umbilical blood sampling proce- 
dures performed at six institutions compare favorably 
with reports from other centers with respect to pro- 
cedure-related complications and intrauterine deaths. 
Percutaneous umbilical blood sampling Is a safe and 
effective procedure that offers wide clinical application 
for disease diagnosis and treatment in the fetus. 


We thank Kathyrn A. Hollenbach, PhD, Rosalee W. 
Zingheim, RN, MN, and Michelle A. Williams, ScD, for 
their help in analyzing the data. 
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Discussion 


Dr. RuSSELL K. LArOs, JR., San Francisco, Califor- 
nia. Percutaneous umbilical blood sampling has become 
an important part of our diagnostic and therapeutic 
armamentarium. Issues currently being debated in- 
clude indications, risks, and who should be performing 
the procedure. Because of concerns about misuse, the 
California State Department of Health is currently pro- 
mulgating rules and regulation aimed at controlling 
how, why, and where it will be done. Although the 
state’s motivation is patient protection, I believe we 
should resist this degree of governmental control of 
medical practice. The data presented by Dr. Hickok 
and his colleagues are important in that they address 
the issues of safety and indications in a multiinstitution 
setting. 

Dr. Hickok has told us about 302 percutaneous um- 
bilical blood sampling procedure attempted at six in- 
stitutions, thus providing us with one of the largest 
collective experiences reported to date. He has care- 
fully described indications, methodology, and outcome. 
I do have six comments or questions that should further 
clarify his data. (1) Your abstract and Material and 
methods section imply that 13 institutions contributed 
cases to the study. It appears to me that only six of the 
13 really contributed. Is this correct? (2) How many 
operators were actually performing percutaneous um- 
bilical blood sampling? Because of the intense interest 
in the issue of the relationship between operator ex- 
perience and outcome, please tell us about the fre- 
quency of fetal loss and failed procedures as related to 
operator experience, (3) My arithmetic indicates that 
the six fetal losses all occurred in cases of successful 
percutaneous umbilical blood sampling (i.e., 6/283); is 
this a correct interpretation? If so, the lack of mortality 
in the unsuccessful cases is reassuring as we all worry 
about the fetal consequences of multiple, unsuccessful 
“sticks.” (4) Could you explain the reasons for percu- 
taneous umbilical blood sampling rather than amnio- 
centesis in the 21 cases of neural tube defects? Were 
these cases too far along in gestation to get the same 
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data with the safer procedure? (5) Dr. Hickok is aware 
of our approach to the delivery of patients with idio- 
pathic thrombocytopenic purpura. Did the information 
obtained in the 20 cases of idiopathic thrombocytopenic 
purpura influence the route of delivery in any case? 
and (6) Finally, in your opinion, how many percuta- 
neous umbilical blood sampling procedures per year 
per operator are required to maintain proficiency? 

I congratulate Dr. Hickok and associates for report- 
ing this important experience. The issue of operator 
proficiency is especially critical as we consider how to 
train perinatologists in this technology. 

Dr. JULIAN T. PARER, San Francisco, California. Dr. 
Hickok, can you call a procedure with a mortality of 
2% a safe procedure? In a day when the overall peri- 
natal mortality is <2%, I believe this is a high rate of 
mortality. Acknowledging that not all of these deaths 
are due to the procedure, I would conclude that we 
should reserve cordocentesis for grave indications and 
I think you probably agree. We cannot agree on some 
of your indications, however. One is the use of cor- 
docentesis for early diagnosis of fetal blood type in cases 
of red cell isoimmunization. It seems to me that because 
amniocentesis has a mortality of almost zero, and cor- 
docentesis is between 1% and 2%, it is better to use 
serial amniocenteses as an initial approach to rule in or 
out severe isoimmunization, rather than to expose the 
fetus to the risk of cordocentesis. 

Dr. JACK R. LaMEy, Seattle, Washington. Dr. Hickok, 
I agree that it is very important for the operator to be 
very experienced. However, another point that I think 
is very important was not brought out. If the ultraso- 
nographer is not capable and experienced, the operator 
is placed at a marked disadvantage. 

Dr. PETER WATSON, Portland, Oregon. As a partic- 
ipant in the collection of the data, I know, Dr. Hickok, 
that you have done a tremendous amount of work. Your 
presentation indicates that you have given this matter 
a great deal of thought. In answering Dr. Laros’ com- 
ment about training and experience, please explain 
how would you advise an obstetrician who would like 
to perform percutaneous umbilical blood sampling for 
the first time. How should this person prepare for a 
procedure that, as noted by Dr. Parer, carries a sub- 
stantial risk? 

Dr. DUNCAN NEILSON, Portland, Oregon. My ques- 
tion relates to the long term follow-up of the fetus. In 
the fetus the foramen ovale is open, creating the pos- 
sibility of embolization to the brain from procedures 
done on the peripheral circulation. Injuries from that 
source may not become apparent until some months 
downstream. In your study or in other large scale col- 
laborative studies do you look for subtle injury of that 
type at follow-up? 

Dr. Louis A. VONTVER, Seattle, Washington. I am 
puzzled by the use of this test for idiopathic throm- 
bocytopenic purpura. If the baby has a coagulation dis- 
order, percutaneous umbilical blood sampling is a 
much more dangerous test. If the baby doesn’t have it, 
the test doesn’t need to be done. Why recommend per- 
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cutaneous umbilical blood sampling for this purpose? 
Do you feel that there is no iricreased danger? 
Dr. Hickox (Closing). Dr. Laros, it is with trepida- 
tion that I begin this discussion with you seated there. 
It recalls a scene 18 years ago when I was a third-year 
medical student and you. were the junior faculty mem- 
ber. It is true that there were only six institutions of 
the 13 that collected all of the information that we 
needed. For the others, the data was incomplete or 
missing. I don’t have exact information about how 
many operators performed percutaneous umbilical 
blood sampling at each center, but it was generally two 
or three. 
- The use of percutaneous umbilical blood sampling 
allows us to obtain a fetal karyotype quickly in situations 
where a fetal anomaly is discovered at an advanced 
gestational age. The karyotype from cultured periph- 
eral leukocytes in the fetal circulation can be obtained 
in 48 hours. With amniocentesis and culture of amnio- 
cytes, it takes 7 to 14 days. Because of the increased 
chance of an abnormal karyotype in the fetus with a 
neural tube defect, parents were offered a cho:ce of 
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this potentially more risky procedure to have the ben- 
efits of a rapid karyotype. 

Both you and Dr. Vontver asked why this approach 
was used in patients with idiopathic thrombocytopenic 
purpura. I have not looked in detail for what infor- 
mation was obtained in these 20 cases and how it was 
used. Perhaps I will join into that argument next year 
at this meeting. l l 

Finally, you and others asked how many percuta- 
neous umbilical blood sampling procedures per year 
per operator are required to maintain proficiency? It 
is not easy to answer this very important question. By 
and large the same operators that do percutaneous um- 
bilical blood sampling do multiple other ultrasono- 
graphically guided procedures requiring hand-eye co- 
ordination, amniocentesis, chorionic villus sampling, 
and fetal tissue biopsy. It is difficult to separate per- 
cutaneous umbilical blood sampling from these other 
diagnostic procedures done by perinatologists in terms 
of the training required to attain proficiency or the 


amount of practice needed to maintain proficiency. 
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FIRST INTERNATIONAL MEETING ON PRACTICAL OBSTETRICS 


MAIEUTICA 


UNDER THE AUSPICES OF THE 


INTERNATIONAL FEDERATION OF GYNAECOLOGY & OBSTETRICS 


FIGO 


PARIS, FRANCE 


MAY 25-28, 1993 


MAIEUTICA, the First International Congress on Practical Obstetrics sponsored by the International 
Federation of Gynaecology and Obstetrics (FIGO) and supervised by renowned members of the Advisory 
Board, is devoted to practitioners. All communications are intended to help them in their therapeutic 
decision-making and in patient management. There will be three days focusing on major obstetrical 
issues such as hypertension, diabetes, uterine scarring, and multiple pregnancy, and one day set aside 


for shorter papers on topical subjects. 


Pr, Claude SUREAU 
FIGO President (1982-1985) 


Main Topics of the Conference 


Diabetes & Pregnancy Multiple Pregnancy 

* Fetal malformations in diabetic pregnancies: prevention * Death of a single twin in Utero 

* Treatment of diabetes during pregnancy * Twin transfusion syndrome: diagnosis, complications 
* Treatment of diabetes during labour and management 

* * 


Detection of gestational diabetes 
Management of gestational diabetes 
Fetal & neonatal complications in diabetes management 


Hypertension in pregnancy 


* 


* 


* N * 


Predicting development and prevention of preeclampsia 
Termination of pregnancy in hypertensive disorders: 
arguments of decision 

Management of severe preeclampsia 

Management of eclampsia 

Complications of eclampsia 

Evaluation of uterine and fetal-placental circulation by 
doppler ultrasound 

Liver and preeclampsia 

Pathogenesis of preeclampsia 


Differed delivery in multiple pregnancy 
Selective abortion in multiple pregnancy 


Prior caesarean section and labour 


* 


>” 


Vaginal delivery after caesarean section 
Uterine rupture during labour: diagnosis & 
management 


New developments in obstetrics (non exhaustive) 


Different aspects of amniotic fluid embolism 
Maternal and fetal death 

Indications of cervical cerclage 

Prevention of premature labour 

Management of spontaneous repeated abortions 
Viral diseases and pregnancy 

Management of prolonged pregnacies 
Prevention and management of should dystocia 


Congress Secretariat 
ICA 
International Congress Agency 
23, rue d'Issy - 92100 Boulogne, France 
Tel : (33-1) 47 619911 Fax : (33-1) 47 61 07 09 


FREER REE EEE EEE EER EERE EEE E EERE HEHEHE EEE EEE EH EH EE EERE EE EEE EEE EEE EEE E EEE RESET EE EEE EEE EEE HEHEHE EEE EERE EEE EE EEE EEE EEE HEHEHE E EEE EE EEE EE EEE HEHEHE EEE HEHE EEE EERE HEE EEE EE EEE EEE EE EEE EEE EE EEE EEE EE EE EEE EEE EEE EEE EEE EEE EEE EEE EERE TESTERS EERE EERE EH 
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ON PRACTICAL OBSTETRICS 


May 25-28, 1993 


PARIS, France (please print or type) 

To receive complete registration Last Name__ __First Name Degree 
materials, information on hotel 

accomodations and an abstract Institution 

submission form, return this 

coupon or call the MAIEUTICA Address 

Secretariat at : I.C.A 

23 rue d'lssy, 92100 Boulogne City _State/province 


France 
Tel; (33-1) 47 61 99 11 
Fax : (33-1) 47 61 07 09 


Postal code __Country__ 
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Levonorgestrel and ethinyl estradiol tablets—Triphasic regimen 


ENHANCING YOUR PERCEPTION 
OF ORAL CONTRACEPTION 


*Serious as well as minor side effects have been reported with the use of all oral contraceptives. The physician should remain alert to the earliest symptoms 
of serious disease and discontinue oral contraceptive therapy when appropriate. Please see full prescribing information, a brief summary of which follows. 
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Levonorgestrel and ethinyl estradiol tablets- 


TRI LE VL E N g Triphasic regimen 


TRI-LEVLEN® 28 TRI-LEVLEN® 21 


BRIEF SUMMARY 

Tri-Levien®—6 brown tablets, each containing 0.050 mg of levonorgestrel (d(-)-13 beta-ethyl-17-alpha-ethinyl-17-beta-hydroxy- 
gon-4-en-3-one), a totally synthetic progestogen, and 0.030 mg of ethinyl estradiol (19-nor-17a-pregna-1,3,5(10)-trien-20-yne- 
3, 17-diol); 5 white tablets, each containing 0.075 mg levonorgestrel and 0.040 mg ethinyl estradiol; 10 light-yellow tablets, 
each containing 0.125 mg levonorgestrel and 0.030 mg ethinyl estradiol (7 light-green tablets containing inert ingredients are 
included in the 28-doy triphasic regimen). 

Indications and Usage 

Oral contraceptives are indicated for the prevention of pregnancy in women who elect to use this product as o method 
of contraception 


Contraindications 

Oral contraceptives should not be used in women with any of the following conditions: thrombophlebitis or thromboembolic 
disorders, a post history of deap-vein thrombophlebitis or thromboembolic disorders, cerebral-vascular or coronary-artery 
disease, known or suspected carcinoma of the breast, carcinoma of the endometrium or other known or suspected estrogen- 
dependant neoplasia, undiagnosed abnormal genital bleeding, cholestatic jaundice of pregnancy or jaundice with prior pill 
use, hepatic adenomas or carcinomas, known or suspected pregnancy. 


Warnings 






Cigarette smoking increases the risk of serious cardiovascular side effects from oral-contraceptive use. This risk increases 
with age and with heavy smoking (15 or more cigarettes per day) and is quite marked in women over 35 years of age. Women 
who use oral contraceptives should be strongly advised not to smoke. 


The use of oral contraceptives is associcted with increased risks of several serious conditions including myocardial intarction, 
thromboembolism, stroke, hepatic neoplasia, gallbladder disease, and hypertension, although the risk of serious morbidity or 
mortality is very small in healthy women without underlying risk factors. The risk of morbidity and mortality increases signifi- 
cantly in the presence of other underlying risk factors such as hypertension, hyperlipidemias, obesity and diabetes. Practition- 
ers prescribing oral contraceptives should be familiar with the following information relating to these risks. The information 
contained in this package insert is principally based on studies carried out in patients who used oral contraceptives with higher 
formulations of estrogens and progestogens than those in common use today. The effect of long-term use of the oral contracep- 
tives with lower formulations of both estrogens and progestogens remains to be determined. Throughout this labeling, epi- 
demiological studies reported are of two types: retrospective or case control studies and prospective or cohort studies. Case 
control studies provide a measure of the relotive risk of disease, namely, a ratio of the incidence of a disease among orol- 
contraceptive users to that among nonusers. The relative risk does not provide information on the actual clinical occurrence 
of a disease. Conort studies provide o measure of attributable risk, which is the difference in the incidence of disease between 
oral-contraceptive users and nonusers. The attributable risk does provide information about the actual occurrence of adisease 
in the population. For further information, the reader is referred to a text on epidemiological methods. 

1. Thromboembolic Disorders and Other Vasculor Problems 

a. Myocardial infarction. An increased risk of myocardial infarction has been attributed to oral-contraceptive use. This risk is 
primarily in smokers or women with other underlying risk factors for coronary-artery disease such as hypertension, hyper- 
cholesterolemia, morbid obesity, and diabetes. The relative risk of heart attack for current oral-contraceptive users has been 
estimated to be two to six. The risk is very low under the age of 30. Smoking in combination with oral-contraceptive-use has 
been shown to contribute substantially to the incidence of myocardial infarctions in women in their mid-thirties or older with 
smoking accounting for the majority of excess cases. Mortality rates associated with circulatory disease have been shown to 
increase substantially in smokers over the age of 35 and non-smokers over the age of 40 among women who use eral con- 
traceptives. Oral contraceptives may compound the effects of well-known risk factors, such as hypertension, diabetes, hyper- 
lipidemias, age and obesity. in particular, some progestogens are known to decrease HDL cholesterol and cause glucose 
intolerance, while estrogens may create a state of hyperinsulinism. Oral contraceptives have been shown to increase blood 
pressure among users (see section 9 in “Warnings’). Similar effects on risk factors have been associated with an increased 
risk of heart disease. Oral contraceptives must be used with caution in women with cardiovascular disease risk factors. 

b. Thromboembolism..An increased risk of thromboembolic and thrombotic disease associated with the use of oral contro- 
Ceptives is well established. Case control studies have found the relative risk of users compared to nonusers to be 3 for the 
first episode of superficial venous thrombosis, 4 to 11 for deep-vein thrombosis or pulmonary embolism, and 1.5 to 6 fer women 
witb predisposing conditions for venous thromboembolic disease. Cohort studies have shown the relative risk to be somewhat 
lower, about 3 for new cases and about 4.5 for new cases requiring hospitalization. The risk of thromboembolic disease due 
to oral contraceptives is not related to length of use and disappears after pill use is stopped. A two-to four-fold increase in 
relative risk of postoperative thromboembolic complications has been reported with the use of oral contraceptives. The relative 
risk of venous thrombosis in women who have predisposing conditions is twice that of women without such medical conditions. 
If feasibie, ora! contraceptives should be discontinued at least four weeks prior to and for two weeks after elective surgery 
of a type associated with an increase in risk of thromboembolism and during and following prolonged immobilization 

Since the immediate post partum period is also associated with an increased risk of thromboembolism, oral contraceptives 
should be started no earlier than four to six weeks after delivery in women who elect not to breast-feed, or a midtrimester 
pregnancy termination. 

c. Cerebrovascular diseases. Orol contraceptives have been shown to increase both the relative ond attributable risks of 
cerebrovascular events (thrombotic and hemorrhagic strokes), although, in general, the risk is greatest among older (>35 
years), hypertensive women who also smoke. Hypertension was found to be a risk factor for both users and nonusers, for both 
types of strokes, while smoking interacted to increase the risk for hemorrhagic strokes. In a large study, the relative risk of 
thrombotic strokes has been shown to range from 3 for normotensive users to 14 for users with severe hypertension. The relative 
risk of hemorrhagic stroke is reported to be 1.2 for nonsmokers who used oral contraceptives, 2.6 for smokers who did not use 
oral contraceptives, 7.6 for smokers who used oral contraceptives, 1.8 for normotensive users and 25.7 for users with severe 
hypertension. The attributable risk is also greater in older women. 

d. Dose-related risk of vascular disease from oral contraceptives. A positive association has been observed between the 
amount of estrogen and progestogen in oral contraceptives and the risk of vascular disease. A decline in serum high-density 
lipoproteins (HDL) has been reported with many progestationa! agents. A decline in serum high-density lipoproteins has 
been associated with an increased incidence of ischemic heart disease. Because estrogens increase HDL cholesterol, the net 
effect of an oral contraceptive depends on a balance achieved between doses of estrogen and progestogen and fhe nature 
and absolute amount of progestogen used in the contraceptive. The amount of both hormones should be considered in the 
choice of an oral contraceptive. Minimizing exposure to estrogen and progestogen is in keeping with good principles of 
therapeutics. For any particular estrogen/progestogen combination, the dosage regimen prescribed should be one which con- 
tains the least amount of estrogen and progestogen that is compatible with a low failure rate and the needs of the individual 
patient. New acceptors of oral-contraceptive agents should be started on preparations containing less than 50 mcg 
of estrogen. 

e. Persistence of risk of vascular disease. There are two studies which have shown persistence of risk of vascular disease for 
ever-users of oral contraceptives. in a study in the United States, the risk of developing myocardial infarction after discontinuing 
oral contraceptives persists for at least 9 years for women 40-49 years who had used oral contraceptives for five or more years, 
but this increased risk was not demonstrated in other age groups. In another study in Great Britain, the risk of developing 
cerebrovascular disease persisted for at least 6 years after discontinuction of oral contraceptives, although excess risk wos 
very small. However, both studies were performed with oral-contraceptive formulations containing 50 micrograms or higher 
of estrogens. 

2. Estimates of Mortality from Contraceptive Use. One study gathered data from a variety of sources which have estimated the 
mortality rate associated with different methods of contraception at different ages. These estimates include the combined risk 
of death associated with contraceptive methods plus the risk attributable to pregnancy in the event of method failure. Each 
method of contraception has its specific benefits and risks. The study concluded that with the exception of oral-contraceptive 
users 35 and older who smoke and 40 and older who do not smoke, mortality associated with all methods of birth control 
is less thon thot associated with childbirth. The observation of a possible increase in risk of mortality with age for orol- 
contraceptive users is based on data gathered in the 1970's-but not reported until 1983. However, current clinical practice 
involves the use of lower estrogen dose formulations combined with careful restriction of oral-contraceptive use to women who 
do not have Me various risk factors listed in this labeling. Because of these changes in practice and, also, because of some 
limited new cata which suggest that the risk of cardiovascular disease with the use of oral contraceptives may now be less 
than previously observed, the Fertility and Maternal Health Drugs Advisory Committee was asked fo review the topic in 1989 

The Committee concluded that although cardiovascular-disease risks may De increased with oral-contraceptive use after age 
40 in healthy nonsmoking women (even with the newer low-dose formulations), there are greater potential health risks 
associated with pregnancy in older women and with the alternative surgical and medical procedures which may be necessary 
if such women do not have access to effective and acceptable means of contraception. Therefore, the Committee recom- 
mended that the benefits of oral-contraceptive use by healthy nonsmoking women over 40 may outweigh the possible risks 

Of course, older women, as all women who take oral contraceptives, should take the lowest possibie dose formulation that 
is effective. 

3. Carcinoma of the Reproductive Organs. Numerous epidemiological studies have been performed on the incidence of breast, 
endometrial, ovarian and cervical cancer in women using oral controceptives. The overwhelming evidence in the literature 
suggests that use of oral contraceptives is not associated with an increase in the risk of developing breast cancer, regardless 
of the age and parity of first use or with most of the marketed brands anc doses. The Cancer and Steroid Hormone (CASH) 
study also showed no latent effect on the risk of breast cancer for at least a decade following long-term use. A tew studies 
have shown a slightly increased relative risk of developing breast cancer, although the methodology of these studies, which 
included differences in examination of users and nonusers and differences in age at start of use, has been questioned. Some 
Studies suggest that oral-contraceptive use has been associated with an increase in the risk of cervical intraepithelial neo- 
plasia in some populations of women. However, there continues to be controversy about the extent to which such findings may 
be due to differences in sexual behavior and other factors. In spite of many studies of the relationship between oral- 
contraceptive use and breast and cervical cancers, a cause-and-effect relationship has not been established. 

4. Hepatic Neoplasia. Benign hepatic adenomas are associated with oral-contraceptive use, although the incidence of benign 
tumors is rore in the United States. indirect calculations have estimated the attributable risk to be in the range of 3.3 cases/ 
100,000 for users, a risk that increases after four or more years of use. Rupture of rare, benign, hepatic adenomas may cause 
death through intra-abdominal hemorrhage. Studies from Britain have shown an increased risk of developing hepatocellular 
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carcinoma in long-term (>8 years) oral-contraceptive users. However, these cancers are extremely rare in the US. and the 
attributable risk (the excess incidence) of liver cancers in oral-contraceptive users approaches less than one per million users. 


5. Ocular Lesions. There have been clinical case reports of retinal thrombosis associated with the use of oral contro- 
ceptives. Oral contraceptives should be discontinued if there is unexplained partial or complete loss of vision; onset of proptosis 
or diplopia; papilledema; or retinal vascular lesions. Appropriate diagnostic and therapeutic measures should be under- 
taken immediately. 

6. Oral-Contraceptive Use Before or During Early Pregnancy. Extensive epidemiological studies have revealed no increased risk 
of birth defects in women who have used oral contraceptives prior to pregnancy. Studies also do not suggest o teratogenic 
effect, particularly insofar as cardiac anomalies and limb-reduction defects are concerned, when taken inadvertently during 
early pregnancy. The administration of oral contraceptives to induce withdrawal bleeding should not be used as a test for pregnoncy. 
Oral contraceptives should not be used during pregnancy to treat threatened or habitual abortion. It is recommended that for 
any patient who has missed two consecutive periods, pregnancy should be ruled out before continuing oral-contraceptive use. 
if the patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at the time of the 
first missed period. Oral-contraceptive use should be discontinued if pregnancy is confirmed. 

7. Gallbladder Disease. Earlier studies have reported an increased lifetime relative risk of gallbladder surgery in users of oral 
contraceptives and estrogens. More recent studies, however, have shown that the relative risk of developing gallbladder disease 
among oral-contraceptive users may be minimal, The recent findings of minimal risk may be related to the use of oral-contraceptive 
formulations containing lower hormonal doses of estrogens and progestogens. 

8. Carbohydrate and Lipid Metabolic Effects Oral contraceptives have been shown to couse glucose intolerance in a significant 
percentage of users. Oral contraceptives containing greater than 75 micrograms of estrogens cause hyperinsulinism, while 
lower doses of estrogen cause less glucose intolerance. Progestogens increase insulin secretion and create insulin resistance, 
this effect varying with different progestational agents. However, in the nondiabetic woman, oral contraceptives appear to have 
no effect on fasting blood glucose. Because of these demonstrated effects, prediabetic and diabetic women should be carefully 
observed while taking oral contraceptives. A small proportion of women will have persistent hypertrigiyceridemia while on the 
pill. As discussed earlier (see “Warnings” 10. and Id.), changes in serum triglycerides and lipoprotein levels have been reported 
in oral-contraceptive users. 

9. Elevated Blood Pressure. An increase in blood pressure has been reported in women taking orol contraceptives and this increase 
is more likely in older oral-contraceptive users and with continued use. Data from the Royal College of General Practitioners 
and subsequent randomized trials have shown that the incidence of hypertension increases with increasing quantities of 
progestogens. Women with a history of hypertension or hypertension-related diseases, or renal disease should be encouraged 
to use another method of contraception. If women with hypertension elect to use oral contraceptives, they should be monitored 
Closely, and if significant elevation of blood pressure occurs, oral contraceptives should be discontinued. For most women, 
elevated blood pressure will return to normal after stopping oral contraceptives, and there is no difference in the occurrence 
of hypertension among ever-and never-users. 

10. Headache. The onset or exacerbation of migraine or development of headache with a new pottern that is recurrent, persis- 
tent or severe requires discontinuation of oral contraceptives and evaluation of the cause. 

Nl, Bleeding Irregularities. Breakthrough bleeding and spotting are sometimes encountered in patients on oral contraceptives, 
especially during the first three months of use. The type and dose of progestogen may be important. Nonhormonal causes 
shoulc be considered and adequate diagnostic measures token to rule out malignancy or pregnancy in the event of break- 
through bleeding, as in the case of any abnormal vaginal bleeding. If pathology has been excluded, time ora change to another 
formulation may solve the problem. In the event of amenorrhea, pregnancy should be ruled out. Some women may encounter 
post-pill amenorrhea or oligomenorrhea, especially when such o condition was preexistent. 

Precautions 

1, PHYSICAL EXAMINATION AND FOLLOW UP. A complete medical history and physical examination should be taken prior to 
the initiation or reinstitution of oral contraceptives and at least annually during use of oral contraceptives. These physical exam- 
inations should include special reference to blood pressure, breasts, abdomen and pelvic organs, including cervical cytology, 

and relevant laboratory tests. In case of undiagnosed, persistent or recurrent abnormal vaginal bleeding, appropriate diag- 
nostic measures should be conducted to rule out malignancy. Women with a strong family history of breast cancer or who 

have breast nodules should be monitored with particular care. 2. LIPID DISORDERS. Women who are being treated for hyper- 

lipidemias should be followed closely if they elect to use oral contraceptives. Some progestogens may elevate LDL levels and 

may render the control of hyperlipidemias more difficult. (See “Warnings” Id.) 3. VER FUNCTION. If jaundice develops in ony 
woman receiving such drugs, the medication should be discontinued. Steroid hormones may be poorly metabolized in patients 

with impaired liver function. 4. FLUID RETENTION. Oral contraceptives may cause some degree of fluid retention. They should 

be prescribed with caution, and only with careful monitoring, in patients with conditions which might be aggravated by fluid 
retention. 5. EMOTIONAL DISORDERS. Patients becoming significantly depressed while taking oral contraceptives should stop 
tne medication and use an alternate method of contraception in an attempt to determine whether the symptom is drug related. 

Women with a history of depression should be carefully observed and the drug discontinued if depression recurs to a serious 
degree. 6. CONTACT LENSES. Contact-lens wearers who develop visual changes or changes in lens tolerance should be 
assessed dy an ophthalmologist. 7. DRUG INTERACTIONS. Reduced efficacy and increased incidence of breakthrough bleeding 
and menstrual irregularities have been associated with concomitant use of rifampin. A similar cssociation, though less marked, 
has been suggested with barbiturates, phenylbutazone, phenytoin sodium, and possibly with griseofulvin, ampicillin and tetra- 
cyclines. 8. INTERACTIONS WITH LABORATORY TESTS. Certain endocrine-and liver-function tests and blood components may 
be affected by oral contraceptives: a. Increased prothrombin and factors VII, Vill, IX, and X; decreased antithrombin 3; increased 
norepinephrine-induced platelet aggregobility. b. Increased thyroid-binding globulin (TBG) leading to increased circulating total 

thyroid hormone, as measured by protein-bound iodine (PBI), T4 by column or by radioimmunoassay. Free T3 resin uptake is 
decreased, reflecting the elevated TBG, free T4 concentration is unaltered. c. Other binding proteins may be elevated in serum. 

d. Sex-binding globulins are increased and result in elevated levels of total circulating sex steroids and corticoids; however, 

free or biologically active levels remain unchanged. e. Triglycerides may be increased. f. Glucose tolerance may be decreased. 

g. Serum folate levels may be depressed by oral-contraceptive therapy. This may be of clinical significanceif a woman becomes 

pregnant shortly after discontinuing oral contraceptives. 9. CARCINOGENESIS. See “Wamings” section. 10. PREGNANCY. Pregnancy 

Category X. See “Contraindications” and “Warnings” sections. 11. NURSING MOTHERS. Smal! amounts of oral-contraceptive 

steroids have been identified in the milk of nursing mothers and o few adverse effects on the child have been reported, including 

jaundice and breast enlargement. In addition, oral contraceptives given in the postpartum period moy interfere with lactation 

by decreasing the quantity and quality of breast milk. If possible, the nursing mother should be advised not to use oral con- 

traceptives but to use other forms of contraception until she has completely weaned her child. 

Information for the Patient 

See Patient Labeling 

Adverse Reactions 

An increased risk of the following serious adverse reactions has been associated with the use of oral contraceptives (see “Warnings” 

section): thrombophlebitis, arterial thromboembolism, pulmonary embolism, myocardial infarction, cerebral hemorrhage, cerebral 

thrombosis, hypertension, gallbladder disease, hepatic adenomas or benign liver tumors. 

There is evidence of an association between the following conditions and the use of oral contraceptives, although addifional 

confirmatory studies are needed: mesenteric thrombosis, retinal thrombosis. 

The following adverse reactions have been reported in patients receiving oral contraceptives and are believed to be drug related: 

nausea; vomiting; gastrointestinal symptoms (such as abdominal cramps and bloating); breakthrough bleeding; spotting; change 

in menstrual flow; amenorrhea; temporary infertility after discontinuation of treatment; edema; melasma which may persist; 

breast changes: tenderness, enlargement, secretion; change in weight (increase or decrease); change in cervical erosion and 

secretion; diminution in lactation when given immediately postpartum; cholestatic jaundice; migraine; rash (allergic); mental 

depression; reduced tolerance to carbohydrates; vaginal candidiasis; change in corneal curvature (steepening); intolerance 

to contact lenses. 

The following adverse reactions have been reported in users of oral contraceptives ond the association has been neither confirmed 

nor refuted: congenital anomalies, premenstrual syndrome, cataracts, optic neuritis, changes in appetite, cystitis-like syndrome, 

headache, nervousness, dizziness, hirsutism, loss of scalp hair, erythema multiforme, cerebral-vascular disease with mitral valve 

prolapse, lupus-like syndromes, erythema nodosum, hemorrhagic eruption, vaginitis, porphyria, impaired renal function, hemolytic 

uremic syndrome, Budd-Chiari syndrome, acne, changes in libido, colitis, sickle-cell disease. 

Overdosage 

Serious ill effects have not been reported following acute ingestion of large doses of oral contraceptives by young children. 

Overdosage may cause nausea, and withdrawal bleeding may occur in females. 

Noncontraceptive Health Benefits 

The following noncontraceptive health benefits related to the use of oral contraceptives ore supported by epidemiological 

Studies which largely utilized oral-contraceptive formulations containing doses exceeding 0.035 mg of ethinyl estradiol or 0.05 

mg of mestranol. 

Effects on menses: increased menstrual cycle regularity, decreased blood loss and decrecsed incidence of iron-deficiency 

anemia, decreased incidence of dysmenorrhea 

Effects related to inhibition of ovulation: decreased incidence of functional ovarian cysts, decreased incidence of ectopic preg- 

nancies. 

Effects from long-term use: decreased incidence of fibroadenomas and fibrocystic disease of the breast, decreased incidence 

of acute pelvic inflammatory disease, decreased incidence of endometrial cancer, decreased incidence of ovarian cancer. 

Dosage and Administration 

To achieve maximum contraceptive effectiveness, TRI-LEVLEN® tablets (Levonorgestrel and E*hiny! Estradiol Tablets—Triphasic 

Regimen) must be taken exactly as directed and at intervals not exceeding 24 hours. 

For full details on dosage and administration see prescribing information in package insert 
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Hysteroscopic myometrial biopsy: Its use in diagnosing 
adenomyosis and its clinical application 


Arthur M. McCausland, MD 


Sacramento, California 


OBJECTIVE: The purpose of this study was to develop and clinically evaluate a hysteroscopic myometrial 


biopsy for diagnosing adenomyosis. 


STUDY DESIGN: Ninety patients with menorrhagia hac myometrial biopsies. The depth of adenomyosis 


was correlated with the severity of menorrhagia. 


RESULTS: Of the 90 patients studied, 50 had hysteroscopically normal appearing cavities (i.e., without 
polyps or submucous myomas). Of those 50, 33 (66%) had significant adenomyosis (>1 mm) as 
compared with controls (0.8 mm), A statistically significant correlation between the depth of adenomyosis 


and the severity of menorrhagia was found. {p = 0.05). 


CONCLUSION: A myometrial biopsy can diagnose adenomyosis. Minimal adenomyosis can be treated 
definitively by endometrial ablation. Deep adenomyosis should be treated with a hysterectomy. 
Endometrial glands left under a scar could not only bleed and cause pain but also have malignancy 
potential. The scar may delay bleeding and the diagnosis of endometrial cancer. Routine myometrial 
biopsy at the time of operative hysteroscopy should be added to our diagnostic armamentarium. (Am J 


OpstTeT GYNECOL 1992;166:1619-28.) 


Key words: Hysteroscopy, myometrial biopsy, adenomyosis, abnormal uterine bleeding, 


menorrhagia 


Adenomyosis has been difficult to diagnose without 
the surgical pathology of a hysterectomy specimen. 

In the past, attempts to diagnose adenomyosis pre- 
operatively with hysterography,' magnetic resonance 
imaging (MRI),’ or ultrasonography’ have met with lit- 
tle enthusiasm. 

With the advent of hysteroscopy the diagnosis is less 
elusive. Severe adenomyosis has a typical hysteroscopic 
appearance of cavities and trabeculations. Milder forms 
of adenomyosis cannot be diagnosed visually, but re- 
quire tissue for microscopic examination. 

Therefore a myometrial biopsy specimen obtained 
at the time of operative hysteroscopy was developed 
and evaluated. 

Several questions must be addressed. 

Can a single myometrial biopsy specimen be used to 
adequately diagnose adenomyosis and, if so, is it rep- 
resentative of the entire endometrial cavity? 

Is a myometrial biopsy helpful in identifying the 
cause of menorrhagia in patients with hysteroscopically 
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normal appearing endometrial cavities (i.e., without 
polyps or submucous myomas)? 

Does the depth of endometrial penetration into the 
myometrium correlate with the degree of menorrhagia 
and, if so, should the current definition of adenomyosis 
be changed? 

Can future therapy be better tailored if the depth of 
adenomyosis in patients with persistent menorrhagia is 
known? Should a hysterectomy be recommended in- 
stead of an endometrial ablation in patients with per- 
sistent menorrhagia and deep adenomyosis? 


Material and methods 


Ninety consecutive patients with significant menor- 
rhagia requiring operative hysteroscopy were studied 
from November 1989 to June 1991. 

Most patients had regular ovulatory periods con- 
firmed by either a luteal phase endometrial biopsy 


_ showing secretory endometrium or a serum progester- 


one level in the ovulatory range. All patients found to 
have dysfunctional uterine bleeding were cycled with 
progesterone. They were included in the study only if 
this did not correct the problem. All obese patients 
and all patients over 40 years of age had endometrial 
biopsies. Three patients were excluded because their 
biopsies revealed atypical adenomatous hyperplasia or 
endometrial cancer. 

Each patient received a trial regimen of nonsteroidal 
antiinammatory medication before further therapy. 
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Fig. 1. Myometrial biopsy specimen being taken from the posterior uterine wall during operative 
hysteroscopy. A 5 mm loop electrode is used to remove a specimen 1.5 to 3 cm long. 


A complete blood count and panel of thyroid tests with 
thyroid-stimulating hormone was included in the eval- 
uation. Two patients were found to have elevated thy- 
roid-stimulating hormone levels. Thyroid replacement 
corrected their menorrhagia. 

Patients with histories of possible bleeding diatresis 
such as postoperative hemorrhage or easy bruising had 
complete coagulation work-ups. One patient was di- 
agnosed with von Willebrand disease and had an en- 
dometrial ablation. 

No office hysteroscopies were performed with this 
study group. 

The amount of bleeding was quantified pure.y by 
clot size. Although this may be considered a gross mea- 
surement, it reflects enough bleeding to overwhelm the 
anticoagulant factors in the endometrium. The clet size 
correlated nicely with the day and night frequency of 
pad or tampon change in this patient population. Dime- 
sized clots (1.5 cm) were defined as +; quarter size (2.5 
cm), + +; fifty-cent piece size ‘3. cm), + + +; and silver 
dollar (4 cm), egg or fist size + + + +. Most pacients 
in the +++ and ++++ categories were unable 
to carry out their normal daily activities and had 
anemia. 

All operative hysteroscopies were scheduled imme- 
diately after a menstrual period and were done with 
the patient under general anesthesia at the Sutter Sur- 
gery Center, an outpatient facility in Sacramento. A 
laminaria tent was inserted at least 4 hours before the 
surgery to facilitate cervical dilatation. After the patient 
was anesthetized the cervix was dilated to 3] French, 
and a 27 French operative hvsteroscope was inserted. 
The endometrial cavity was thoroughly inspected with 


sorbitol as the distending medium, and pictures were 
taken. . 

If submucous fibroids or endometrial polyps were 
found they were resected with a loop electrode; a myo- 
metrial biopsy was performed followed by a curettage. 
If only a normal endometrial cavity was visualized, a 
myometrial biopsy specimen was taken followed by a 
thorough endometrial curettage. The hysteroscope was 
reinserted to ensure that all tissue had been removed. 

The myometrial biopsy specimen was taken with the 
5 mm loop electrode from the posterior wall (Fig. 1). 
With 70 W of cutting current, the loop was completely 
embedded 5 mm deep into the posterior myometrial 
wall near the fundus and a 1.5 to 3 cm segment was 
resected. The biopsy specimen was tapered up at the 
end to facilitate visualization of any bleeding sites. 
Bleeding was controlled with coagulating current 
through the loop. The biopsied tissue would usually 
float freely in the endometrial cavity and could easily 
be grasped with the loop and retracted up against the 
hysteroscope for removal. 

Both posterior and anterior wall myometrial biopsies 
were performed on 15 patients to correlate the patho- 
logic findings. 

Two pathologists, Drs. Anthony Mathios and John 
Abele, developed a routine for processing the myo- 
metrial biopsy specimen and measuring the depth of 
endometrial penetration. 

The specimen, which usually measures 1.5 to 3 cm 
in length, 5 mm in width, and 5 mm in depth, was 
completely fixed. The endometrial surface was the flat 
portion of the specimen, and the myometrial surface 
was the rounded or convex portion that often showed 
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variable blackish coagulation markings from the 
cautery. 

The myometrial surface was inked with one of the 
standard marking dyes, and the specimen was longi- 
tudinally sectioned into paired halves by a single cut 
taken perpendicular to the endometrial surface. 

The accuracy of adenomyosis measurements re- 
quires proper orientation. The surface to be cut is iden- 
tified by placing that surface face down on a small ori- 
enting sponge within the processing cassette. 

With a microscope fitted with a micrometer, the dis- 
tance between the base of the deepest penetrating gland 
and the endometrial-myometrial junction is measured. 
This distance is recorded and mentioned in the final 
diagnosis. 

Thirty consecutive hysterectomy specimens obtained 
at Sutter Memorial Hospital during the same time pe- 
riod were studied and used as controls. They were 
matched with the study group by age, gravida, and 
parity. These patients had histories of normal periods 
and were having surgery for prolapse, pain, endome- 
triosis, fibroids, or cervical or ovarian tumors. The clot 
size, if any, could not be determined because this was 
a chart review. For consistency Dr. Mathios did all mea- 
surements for the study group and controls. 

Nonparametric statistical analysis was performed. 


Results 


Ninety consecutive patients with menorrhagia had 
myometrial biopsies performed at the time of operative 
hysteroscopy. Of these, 50 had normal-appearing cav- 
ities, 27 had gross endometrial polyps, and 13 had sub- 
mucous myomias. 

Table I lists the 50 patients with normal-appearing 
endometrial cavities. The group is organized by depth 
of endometrial penetration into the myometrium, with 
the deepest listed first. Each patient’s age, gravida, par- 
ity, and amount of menorrhagia are included. There 
is a good correlation between the amount of menor- 
rhagia (clot size) and the depth of endometrial pene- 
tration. This penetration ranged from 6 to 0 mm. The 
mean depth in patients with + bleeding was 0.84, + + 
1.44 mm, + + + 2.98 mm, and + + + + 2.35 mm. 

Nonparametric statistical tests showed that a woman 
with a grossly normal endometrial cavity who passed 
clots the size of a quarter or larger is 2.9 times as likely 
to have meaningful adenomyosis (more than | mm en- 
dometrial penetration) than a woman who has not 
passed such large clots. This difference is highly sig- 
nificant. The clot size does not correlate with the depth 
of adenomyosis in women with polyps or myomas seen 
at hysteroscopy. 

Table II lists the control group with normal periods 
whose members were matched by age, gravida, and 
parity with the study group. This control group is or- 
ganized by depth of endometrial penetration. The 
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depth of endometrial penetration in the anterior and 
posterior wall has been separately listed along with the 
uterine weight. The depth of penetration ranged from 
1.5 mm to 0 mm. The average depth of penetration in 
the posterior wall (mean 0.8 mm) was almost always 
greater than that in the anterior wall (mean 0.46 mm). 
The group of women with heavy menstrual periods had 
significantly greater posterior wall depth than women 
with normal periods. The average posterior wall pen- 
etration in the women with menorrhagia was nearly 
twice the average depth among women with normal 
menstrual periods. There appeared to be a shift toward 
extremely heavy periods (+ + + and + + + +) when 
1 mm penetration had occurred in the study group. 
Because the mean endometrial penetration of the pos- 
terior wall in the control group was 0.8 mm, 1 mm was 
selected as the depth that could potentially cause men- 
orrhagia and was defined as significant adenomyosis. 

Table HI lists the 27 patients who had gross endo- 
metrial polyps. After the polyps were resected a myo- 
metrial biopsy was performed to measure the amount 
of endometrial penetration in these patients. Fourteen 
(52%) had significant penetration; however, this could 
not be correlated with the amount of bleeding, sug- 
gesting that the polyps are the main cause of the men- 
orrhagia. 

Table IV lists the 13 patients who had submucous 
myomas. After the myomas were resected, a myome- 
trial biopsy was performed to measure the amount of 
endometrial penetration. Eight (61%) had significant 
penetration but, like the polyp group, this could not 
be correlated with the amount of bleeding, suggesting 
that the submucous myomas are the main cause of 
the menorrhagia. The heaviest bleeding with the 
largest clots and frequent anemia was in the fibroid 
groups. 


Comment 


Can a myometrial biopsy diagnose adenomyosis? 
This study confirms that the diagnosis of adenomyosis 
with endometrial penetration <6 mm in depth can be 
made with a myometrial biopsy. 

Is a single posterior myometrial biopsy represen- 
tative of the entire endometrial cavity? This question 
must be answered for this study to have validity. When 
diffuse adenomyosis is present, the posterior uterine 
wall is the area most frequently and severely affected, 
a fact that has been known for years and was confirmed 
recently with newer imaging techniques. 

In 1896 von Recklinghausen‘ observed that the glan- 
dular elements in adenomyosis were more commonly 
found in the posterior wall of the uterus. This has been 
confirmed by Benson and Sneeden,® who found ade- 
nomyosis to be a diffuse process most frequently in the 
posterior wall, less frequently in the anterior wall, and 
rarely involving only the cornu or portions of the uterus 
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Table I. Hysteroscopically normal cavity 
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Menorrhagia 





MM 2 2 +++ 
MN 44 2 2 5.4 ++++ 
VB 47 3 3 5 +++ 
JD 46 I l 3.7 ++++ 
BC 53 5 4 3.6 +444 
AP 44 2 l 3.5 ++ 
KW 39 3 2 3 +++ 
LC 42 3 3 +++ 
PW 45 3 3 2.8 +++ 
KH 37 l l 2.6 +++ 
LP 43 5 0 22 +++ 
SE 43 3 2 2.1 +++4++ 
JU 46 4 3 2.1 ++++ 
LB 46 5 4 2 ++++ 
YD 41 3 2 2 ++ 
YW 45 2 2 2 +++ 
CD 4i 5 3 2 ++ 
DR 37 3 l 2 ++44 
JP 28 3 2 1.8 ok ot 
JP 30 5 2 1.8 +— + 
NC 48 2 2 1.5 +— + 
SR 34 3 3 1.5 +— + 
JW 31 3 3 1.4 +++ 
JE 43 0 0 1.4 ++ 
KA 28 2 2 1.2 + 
LM 28 4 4 1.2 ++ 
BU 38 2 1 1.2 +444 
SL 38 l 0 l ++ 
EA 45 2 2 l ++++ 
RR 38 2 2 ] + 
KK 39 3 0 ] + 
LM 35 l Į l + 
AH 24 2 2 ] + 
SC 31 3 3 0.9 + 
BZ 37 4 3 0.8 + 
LL 4] 4 4 0.8 + 
BD 42 3 2 0.8 + + 
VA 39 2 l 0.7 + 
KB 32 l 0 0.7 + 
RB 36 2 2 0.7 ++ 
SS 43 2 2 0.6 + 
MJ 43 6 4 0.6 + 
MR 37 6 4 0.6 + 
Ji» 43 5 l 0.5 + 
MT 44 l 1 0.4 ++ 
SS 30 3 3 0.3 ++ 
MJ 31 2 l 0.3 + 

RS 48 a 2 0 ++ 
WSs 34 2 2 0 + 

KJ 40 0 me) 0 + 





*Depth (mm) of endometrial cenetration into the myometrium. 
F yY 


near the internal os. Emge® found endometrial invad- 
ing the posterior wall more commonly than the an:zerior 
or lateral wall. Novak and Woodruff’ reported that ad- 
enomyosis is mainly a diffuse process; as a rule the 
posterior wall is more severely involved. Azziz® states 
that the posterior wall of the uterus is usually involved 
to a greater degree by the adenomyotic process and is 
consequently thicker in these uteri. 

The newer imaging techniques have confirmed the 
above findings. Bohlman et al? with ultrasonography 


and Togashi’ with MRI each studied adenomyosis and 
found it to be diffuse, with the posterior wall most 
severely affected. 

In my study hysteroscopic anterior and posterior 
myometrial biopsies were performed on 15 patients. 


_ Thirty patients in the control group also had the depth 


of endometrial penetration measured in both the an- 
terior and posterior uterine walls, the areas routinely 
sampled (Table II). In both groups adenomyosis was 
found to be diffuse and to involve the entire uterine 
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Table I. Controls: Normal periods 






- Patient 
3 
SB 30 3 A 
KL 33 4 2 
PB 35 4 3 
GS 50 2 2 
JW 29 6 3 
JS 34 3 2 
JK 38 2 2 
TP 36 2 ] 
LF 43 4 3 
LL 31 3 2 
EP 45 0 Q 
NT 40 2 2 
DT 36 3 3 
GB 44 2 2 
LS 33 0 0 
PR 29 5 3 
CB 27 l l 
AB 41 0 0 
CL 29 4 3 
MB 36 4 4 
LK 45 4 3 
LS 37 2 2 
EJ 46 2 0 
MP 48 3 3 
MV 43 2 i 
SG 4? 3 3 
KC 31 0 0 
LL 29 4 3 
CK 25 3 3 
MEAN DEPTH 
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Diagnosis 






CIS 
Prolapse 
CIS 

Pain 
Cyst 
Prolapse 
CIS 
Prolapse 
Pain 
CxCa 
Pain 
CxCa 
Pain 
CxCa 
Prolapse 
CIS 

CIS 

Pain 
Cyst 
Pain 
Prolapse 
Fibroid 
Prolapse 
Fibroid 
Prolapse 
Prolapse 
CxCa 
CxCa 
CIS 

Pain 


, pab pamat pb pd pi saa Bae co ia pd pt peeh coal paat 
Ooo GR OOD h dd 6 10 iD O ke p u O Ra bs GO GO bo bo e a OL 


fie) 
| Co 


a a Ba 


o 


Cyst, Ovarian cyst; CxCa, cervical cancer; Pain, pelvic pain; CES, cervical carcinome-in-situ; Prolapse, uterine or vaginal wall 


prolapse; Fibroid, uterine leiomyoma. 


*Depth of endometrial penetration into the myometrium in the anterior and posterior uterine walls. Anterior wall mean = 0.46 


mm; posterior wall mean = 0.8 mm. 


cavity. Both the anterior and posterior walls were af- 
fected, but the deepest penetration was almost always 
in the posterior wall. 

Therefore a single myometrial biopsy of the posterior 
uterine wall is not only diagnostic of adenomyosis but 
also represents the area most severely involved (with 
the deepest endometrial penetration into the myome- 
trium). | 

Can a myometrial biopsy be helpful in evaluating 
menorrhagia when a normal cavity is visualized hys- 
teroscopically? It is perplexing to find a hysteroscop- 
ically normal-appearing intrauterine cavity in patients 
with significant menorrhagia. Unfortunately, this is a 
common scenario. 

Of the 90 patients evaluated for menorrhagia, 50 had 
essentially normal-appearing cavities without gross pol- 
yps or submucous myomas (Table I}. Although many 
had abundant tissue in spite of being postmenstrual, 
the term “hyperplasia” was not used because it is hys- 


teroscopically difficult to make this diagnosis. Instead, 
in this study these cases were placed in the normal- 
cavity category. Twenty-seven cases were found to have 
gross polyps (Table III), and 13 had submucous my- 
omas (Table IV). 

Other investigations in which hysteroscopy was used 
to study, menorrhagia have described a similar expe- 
rience (Table V), 

Fraser? found that 94 (51%) of the 182 patients with 
menorrhagia had grossly normal-appearing cavities 
hysteroscopically. Sixteen (9%) had submucous my- 
omas, and 29 (16%) had polyps. 

Loffer’® studied 187 patients with abnormal uterine 
bleeding. Of the 102 having pure menorrhagia, 68 
(66%) had normal cavities: Thirteen ey had polyps, 
and 16 (16%) had ñbroids. 

In evaluating menorrhagia i ina gaen with a nor- 
mal-appearing endometrial cavity, a myometrial biopsy 
appears to be helpful. 
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e La T TE CETE 
AA 3 ea Se 
CT ie 3 3 2.9 +++ 
AF 53 3 3 2.7 FRF 
CH 45 2 2 2.) ob 
BW 40 1 I 2 Ter 
KZ 44 4 4 1.8 5 EE 
PG 46 2 2 1.7 F 
NS 48 3 1 1.7 +t 
SK 46 2 2 1.5 Ea IE oa 
FC 47 l l 1.5 PET 
DC 48 3 3 1.1 ae 
Jv 40 8 3 ] TE ep 
LT 38 "4 2 l +++ 
LL 37 4 3 l LUE 
NH 35 z 2 9 Top 
JR 45 3 3 5 _ 
CL 36 4 2 0 aE be E 
LK 47 3 Z 4 EF 
MM 38 2 C 4 EPP 
SW 27 0 C 4 E E 
MW 40 0 G A + + 
ZF 47 3 2 Be. or se 
KG 47 2 2 3 + + 
KS 35 2 l T E HEE 
RW 48 2 2 0 ++ 
NK 31 l l 0 P 
ND 43 I l 0 ++ 

*Depth of endometrial penetration into the myometrium. 
Table IV. Hysteroscopic submucous myoma 

e e e e Menorrhagia 
PT 2 2.5 ++ 
ML 2 2 1.9 +++ 
CO 45 l l 1.8 + 
MS 44 0 0 1.5 +++4 
SH 5] 3 3 1.5 ++ 
DS 33 2 2 L3 L e 
GC 50 l l 11 Tp 
LW 42 3 2 I + 
EC 43 2 2 8 HFF 
KS 34 2 ] 6 > lee ie ie 
JW 45 3 2 3 HPHH 
JM > 42 3 1 0 + 
jw 45 3 2 0 ++++ 


*Depth of endometrial penetrztion into the myometrium. 


In my study 33 of 50 (66%) patients with normal 
cavities had significant adenomyosis (endometrial pen- 
etration >] mm) as compared with controls (0.8 mm), 
which accounts for their menorrhagia. If heavy bleed- 
ing persists after a thorough curettage, the diagnosis 
of adenomyosis can explain the problem. . 

Of the 27 patients with gross polyps and the 13 with 
submucous myomas, 14 (51%) and 8 (29%) also had 
significant adenomyosis. If these patients continue to 
bleed abnormally after their polyps or myomas are suc- 
cessfully resected, adenomyosis may explain the 
problem. 

Does menorrhagia correlate with the depth of en- 
dometrial penetration into the myometrium? In this 


study there was a statistically significant correlation be- 


tween the amount of menorrhagia (clot size) and the 
depth of endometrial penetration when the uterine cav- 
ity appeared normal hysteroscopically. 

A review of the world literature reveals only one 
publication addressing the possibilities that minimal en- 
dometrial penetration can cause abnormal bleeding. 

Bird et al.’ (1972) coined the term “adenomyosis 
subbasalis” and defined it as adenomyosis within one 
low power field (2 mm) below the “basal” endometrium 
but with no further penetration. Of the 47 patients with 
this and no other pathologic condition (i.e., polyps or 
fibroids), 28 (60%) had significant menorrhagia. Bird 
et al. concluded that adenomyosis subbasalis is an im- 
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Myometrium 


portant symptom-producing entity and that the depth 
of penetration correlated with the occurrence of men- 
orrhagia. 

In an unpublished report (personal communication) 
Richard H. Oi, a board-certified anatomic pathologist 
and obstetrician-gynecologist, studied the endometrial 
myometrial junction in 67 patients who had had hys- 
terectomies for prolapse, stress incontinence, and pelvic 
relaxation with no other uterine pathologic condition. 
He found an “exaggerated down growth” of endo- 
metrium into the myometrium in 31 cases, and all but 
four of these women had menorrhagia. Of the 36 cases 
with no down growth, 27 had normal periods without 
menorrhagia. Pathologists usually sign out these uteri 
as “normal.” O1 demonstrated that an “exaggerated en- 
dometrial down growth” can be symptomatic. 

Prognostic and future therapeutic value when ad- 
enomyosis is diagnosed by myometrial biopsy. If men- 
orrhagia persists or recurs after a thorough curettage 
in a patient with a hysteroscopically normal appearing 
cavity or after complete resection of polyps or sub- 
mucous myomas, a myometrial biopsy showing ade- 
nomyosis at the time of surgery can explain the 
problem. be 

A myometrial biopsy can demonstrate the depth of 
endometrial penetration, which may have prognostic 
value and allow the physician to tailor future therapy. 
`- Persistent menorrhagia caused by adenomyosis in 
women who desire no more children can be definitively 
treated by either an endometrial ablation or a hyster- 
ectomy. Minimal endometrial penetration can be 
treated successfully with an ablation. However, it may 
be more prudent to treat deep adenomyosis with a hys- 
terectomy. Endometrial glands left under a scar may 
cause recurrent bleeding and pain (Fig. 2). Townsend 
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5mm 


Fig. 2. Three-millimeter burn by roller-ball ablation potentially leaving endometrial glands under 
the scar in a patient with 5 mm deep adenomyosis. 


Table V. Hysteroscopic findings in patients 
with menorrhagia 





Findings 
Total 182 — 102 — 90 — 
Normal 94 51 68 66 50 55 
cavity 
Polyps 29 16 13 13 27 30 
Submucous 16° 9 16 16 13 15 
myoma 


(personal communication) has performed approxi- 
mately 10 hysterectomies for bleeding or pain after an 
endometrial ablation, and almost all have had deep 
adenomyosis. 

The other long-term concern of leaving an endo- 
metrial gland under a scar is that if the ectopic gland 
becomes malignant, the scar could delay bleeding and 
the diagnosis of endometrial cancer. 

This is not just a theoretical concern. Novak and 
Woodruff’ state that atypical hyperplasia is not uncom- 
monly seen in deep islands of ectopic endometrium. 
They reviewed the world literature of cases in which 
endometrial adenocarcinoma originated in the aber- 


rant glands. They feel that this problem may be more 


common than reported because malignant adenomy- 
osis may creep up to the endometrial surface and the 
pathologist may understandably. diagnose it as endo- 
metrial carcinoma with myometrial extension. 

Woodruff et al. reported two cases of adenocarci- 
noma arising in adenomyosis diagnosed by atypical vag- 
inal cytology. Unfortunately, postablation scarring 
could also prevent this diagnostic tool. 
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Complications of myometrial biopsies. There were 
no immediate or long-term complications of myome- 
trial biopsies. Bleeding from the biopsy site can be both- 
ersome, but coagulating the bleeder with the loop or 
rollerball electrode is usually successful. In one czse it 
was necessary to inject vasopressin paracervically. No 
perforations occurred and are unlikely if proper tech- 
nique is followed. A premenopausal uterine wall 15 be- 
tween 1.5 and 2 cm (15 to 20 mm) thick. The loop 
electrode used for the biopsy is only 5 mm deep. Al- 
though hysteroscopic magnification makes it appear 
deeper, only one quarter to one third of the wall is 
being biopsied. 

A myometrial biopsy should not be performed on a 
postmenopausal uterus, which may have a thin well. It 
adds little in the evaluation of postmenopausal bleeding 
because adenomyosis is usually not a factor. 

Ten hysterectomies have been performed for per- 
sistent menorrhagia 3 to 9 months after myometrial 
biopsy. There were no uterine wall defects seen at the 
biopsy site and no intrauterine adhesion. 

In conclusion, a myometrial biopsy specimen can be 
used to diagnose adenomyosis. If taken from the pos- 
terior wall, it represents not only the entire endometrial 
cavity but also the area most severely involved. 

The depth of endometrial penetration correlated 
closely with the degree of menorrhagia when the uter- 
ine cavity appeared normal hysteroscopically (i.e., with- 
out gross polyps or submucous fibroids). 

A myometrial biopsy to determine endometrial ad- 
enomyosis has clinical significance. First, it helps the 
clinician make a more accurate diagnosis when evalu- 
ating menorrhagia, especially in patients with hyster- 
oscopically normal-appearing intrauterine cavities. If a 
thorough curettage fails to correct the menorrhagia, a 
myometrial biopsy showing adenomyosis at the tirne of 
the surgery clarifies the issue. l 

Second, if menorrhagia persists after complete hys- 
teroscopic resection of endometrial polyps or submu- 
cous fibroids, a myometrial biopsy showing adenomy- 
osis can also explain this dilemma. 

Third, a myometrial biopsy can demonstrate the 
depth of penetration that correlates closely with the 
amount of menorrhagia and allows the physician to 
tailor future therapy. If menorrhagia persists, minimal 
penetration may be treated definitively by an endo- 
metrial ablation. However, it may be more prudent to 
treat deep adenomyosis with a hysterectomy. Endo- 
metrial glands left under a scar could not only 3leed 
and cause pain but also have future malignancy poten- 
tial. The scar may delay bleeding and the subsequent 
diagnosis of endometrial cancer. 

Routine myometrial biopsy at the time of operative 
hysteroscopy should be added to our diagnostic ar- 
mamentarium. 
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Discussion 


Dr. WILLIAM K. GRAVES, San Francisco, California. 
I am pleased to discuss this paper because of my long- 
standing interest in this entity. I was the formal dis- 
cussant for Dr. John Molitor’s presentation of the sub- 
ject before this society in 1970.' 

Today Dr. McCausland presented 90 patients with 
significant menorrhagia in whom dilatation and curet- 
tage was indicated. Anovulatory bleeding was excluded 
or had failed to respond to cyclic progesterone therapy. 
Thyroid and hematologic disorders were ruled out by 
appropriate tests. Adenomatous hyperplasia and en- 
dometrial cancer had been excluded by endometrial 
biopsy in all patients >40 years old or who were obese. 
Most subjects had received a trial regimen of prosta- 
glandin synthetase inhibitors. At the time of the dila- 
tation and curettage, hysteroscopy was performed; this 
is a combination that we increasingly recognize as ap- 
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propriate. During the hysteroscopy Dr. McCausland 
took a myometrial biopsy specimen of the posterior 
uterine wall with a 5 mm loop electrode. This area has 
been recognized since the initial descriptions of ade- 
nomyosis as being most frequently involved by ade- 
nomyosis. 

The great value of this study is that it includes only 
cases with menorrhagia. Whether the incidence of ad- 
enomyosis in women in the 40- to 50-year age range is 
as low as 6% or as high as 60%, it is clear that it is not 
the presence of endometrial glands in the myometrium 
per se that is clinically meaningful, it is the associated 
symptoms. In his retrospective study of hysterectomy 
cases,’ Dr. Molitor judged that in 40% of the cases ad- 
enomyosis was the primary cause of the patient’s symp- 
toms and that it was a contributing cause in another 
30%. In the remaining 30%, adenomyosis was an in- 
cidental finding. 

The first of my two questions is, what is the effec- 
tiveness of myometrial sampling as a diagnostic method 
compared with sonography, hysteroscopy alone, and 
MRI? ' 

Irregular translucent myometrial zones seen on ul- 
trasonography had been reported as being character- 
istic of adenomyosis. However, other reports attest to 
the difficulty of sonographic diagnosis of adenomyosis. 
For example, a retrospective report of 80 patients who 
had sonography before hysterectomy showed the sen- 
sitivity of sonography in distinguishing adenomyosis 
from leiomyomas to be 63% and the specificity to be 
97%. It seems to me unlikely that the vaginal probe 
will add much precision to this determination. 

Because endometrium overlying an area of adeno- 
myosis is often normal, making the diagnosis by hys- 
teroscopy alone would also seem to be a hit-or-miss 
proposition. Dr. McCausland’s data support this con- 
clusion because 50 of his menorrhagia patients had 
grossly normal cavities at hysteroscopy, but two thirds 
of them had endometrial penetration >] mm. 

Reports of the effectiveness of MRI in differentiating 
adenomyosis from leiomyomas are encouraging. In a 
retrospective study of 93 patients with enlarged uteri,’ 
MRI showed 71 had myomas, 16 had adenomyosis, and 
6 had both. The MRI diagnosis was confirmed by sur- 
gery and pathologic examination in 92 of the 93 cases. 
In a prospective study® of 21 premenopausal patients 
with clinical diagnoses of adenomyosis, eight cases were 
actually adenomyosis as demonstrated by histologic 
findings from the hysterectomy specimen; all eight 
were correctly diagnosed by MRI. Another 12 had 
leiomyomas, 5 of which had microscopic foci of ade- 
nomyosis; 10 of the 12 were correctly diagnosed. In 
two cases microscopic foci of adenomyosis in myomas 
were not demonstrated by MRI. Although expensive, 
this noninvasive diagnostic method is accurate. 

My second question is, to what extent is confirmation 
or exclusion of the diagnosis of adenomyosis necessary 
or even useful in management of the women with sig- 
nificant menorrhagia? A skeptic might say that the im- 
portant considerations are the severity of bleeding and 
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pain and the extent to which they interfere with overall 
health and quality of life. Only of secondary importance 
is whether the cause is myomata or adenomyosis. A 
skeptical attitude may have been reasonable 5 to 10 
years ago when hysterectomy was the only treatment 
under consideration. However, in this age of gonado- 
tropin-releasing hormone agonists, myomectomy, and 
endometrial ablation procedures, a precise diagnosis is 
mandatory. 

Dr. McCausland expressed concern about endome- 
trial ablation in patients with deep endometrial pene- 
tration. In an era of widespread use of hormone re- 
placement therapy after menopause, a depth of ade- 
nomyosis >2.5 mm may be a contraindication to 
endometrial destruction procedures. Conversely, the 
absence of adenomyosis in a posterior wall biopsy sup- 
ports the use of ablation if the patient so desires. It 
may be that myometrial biopsy should be a prerequisite 
for endometrial ablauon when menorrhagia is the pri- 
mary indication. 
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Dr. JOSEPH A. OLIVER, Pasadena, California. Do you 
do office dilatation and curettage and hysteroscopy? 
Why or why not? 

Dr. LYMAN RusT, Hanford, California. I am glad you 
mentioned the problem of deep adenomyosis and the 
effect endometrial ablation might have in covering up 
endometrial tissue. It has bothered me for some time 
to know that there are a lot of gynecologists who roll- 
erball patients all over the place before we know what 
the long-term effects are. Dr. McCausland, did you sup- 
press these patients before hysteroscopy with danazol 
or a gonadotropin-releasing hormone analog? Might 
that affect on your biopsy results? 

. DR. JAMES A. MERRILL, Seattle, Washington. It has 
puzzled me why adenomyosis causes menorrhagia, if 
indeed it does. Dr. McCausland, do you have an an- 
swer? In my experience in the pathology laboratory 
adenomyosis is equally often an incidental finding not 
occurring in a patient with symptoms of menorrhagia. 
Treating patients for this disorder on the basis of a 
biopsy diagnosis represents a considerable step 
forward. 

Dr. HAMPTON W. IRWIN, Spokane, Washington. Dr. 
Philip Brooks presented a paper last year in which he 
described suppression by gonadotropin-releasing hor- 
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mone agonist and other metaods to prepare for en- 
dometrial ablation.’ Using the same electroresection in- 
strument that Dr. McCausland used, Dr. Brooks takes 
strips 4 to 5 mm in depth from most of the fundal 
surface arid uses the rollerball for areas not adequately 
treated with the resectoscope.:I have used that tech- 


nique, and our pathologist frequently reports adeno- 


.myosis in specimens from ablations. 

Dr. McCausland, your report inspires me to review 
“my cases to find the correlation of histologic findings, 
history, and outcome. I expect that deeper ablation with 
electroresection will prove to be more effective in pa- 
tients with adenomyosis than use of the rollerball clone. 
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Dr. MCCAUSLAND (Closing). Dr. Graves, I am sure 
that there are cases of asymptomatic adenomyosis, but 
T feel that the prevalence i is overstated. Almost all past 
studies have been: retrospective chart reviews cf pa- 
tients found to have adenomyosis at hysterectorny. If 
the chart said that the menstrual. periods were narmal, 
the authors classified the case as asymptomatic. When 
reviewing the charts of those in the hysterectomy con- 
trol group for this paper, I found how inaccurate a 
menstrual history,from a hospital chart is likely -o be. 


Some of these patients with “normal” periods were ane- 


mic with hemoglobin counts of 10. I called the physi- 
cians who did the hysterectomy and asked whether the 


periods were really normal. For example, after con--: 


‘sulting the office record they said, “Well, they were 
somewhat heavy, but I was doing the surgery for stress 
incontinence so I just put down that the periods were. 
okay.” I question whether chart reviews for menstrual 
history are valid unless the author personally talked to 
the patient. Therefore, the incidence of “asym>tom- 
atic” adenomyosis is likely to be overstated. 

' Dr. Oliver, I do not think that office hysterascopy 
and dilatation and curettage help much in patients with 
significant menorrhagia. You first need to make sure 
that the patient has adequate progesterone exposure 
‘by either doing an endometrial biopsy or a serum pro- 
gesterone test. If in the midluteal phase the progester- 
one is <10 ng/ml or the endometrial biopsy specimen 
shows proliferative endometrium, I give the patients a 


.3-month course of cyclic progesterone. If this dozs not . 


. correct the problem I schedule an operative -hysteros- 
copy. An office procedure at that time would be of little 
value for polyps or submucous myomas that need to 
be resected. I now feel that a patient with a grossly 
normal cavity needs a myometrial biopsy and a vigorous 
curettage. I am not talking about a wimpy suction di- 
Jatation and. curettage in the office. I make sure that 


i 
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the endometrial lining is all out by looking afterward. 

If it is not, I curette again until it is. The patients who’ 
respond to this type of dilatation and curettage are 
those who have a normal cavity without adenomyosis. 

I think they have an abnormally functioning endo-. 
metrium. Remember that I do these procedures im- 
mediately after the mentrual period. This is the best 
time to do operative hysteroscopy because at later 
phases there is so much build-up of endometrial tissue 
that finer details are obscured. Just after the menstrual 
period, at hysteroscopy, it is expected to see a thin lining” 


that shows early proliferative histology. However, in 


most of these patients I found abundant tissue and the ~ 
histology showed mixed estrogenic and progestational 

response, dyssynchronous endometrium, or unop-" 
posed estrogen effect. My working theory is that part 
of the bleeding problem in many of these patients is 
an abnormally functioning endometrium, perhaps 
some type of progesterone receptor defect. 

I have not had much time for follow-up since I 
started this study in November 1989. However, I called ` 
my patients just before the meeting. Those with a nor- 
mal cavity and <1 mm penetration by endometrium 
have all had normal periods since the dilatation and 
curettage. The ones with deeper penetration have con- - 
tinued to have problems, and those with the deepest 
penetration have had either hysterectomy or endo-- 
metrial ablation. Early in this experience, I did ablations 
on women with deeply penetrating adenomyosis, but I 
found that the ones with deep adenomyosis and abla- 
tion continued to have pain or bleeding, and most have. 
finally needed a hysterectomy. | 

Dr. Rust, none of these patients had hormonal 
suppression before the operative hysteroscopy. 

Dr. Merrill, I think there are two reasons patients 
with adenomyosis bleed. I have already discussed the 
first, abnormally functioning endometrium. The other 
may be some type of injury to the endometrium by 
childbirth, endometritis, or curettage that activates the 
endometrium to begin penetrating into the myome- 
trium. Of course, there is more surface area to bleed, 
but even more important is the fact that the endome- 
trial penetration replaces some of the myometrial fi- 
bers. Thus the uterus does not contract effectively 
enough to stop bleeding. 

Dr. Irwin, endometrial ablation by resection may be 

a good procedure for patients who have mild adeno- 
myosis. However, technically it is hard to resect certain 
parts of the endometrial cavity, especially around the 
cornu, and you may leave some glands in that area. 
Using the resectoscope is definitely more dangerous. 
than using a rollerball. There have been four deaths 
from uterine perforation with. endometrial resections 
(personal communication, 1991, Duane E. Townsend, 


‘MD, Davis, California). A rollerball is easier and safer, 


and it should be effective, in obliterating penetration 
at the I to 2 mm range. 
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OBJECTIVES: This study details the incidence, by gestational age and birth mete of specific neonatal 
morbidities in singleton neonates without major congenital anomalies. 

STUDY DESIGN: Data were prospectively collected on all deliveries at five tertiary centers in the United 
States during the years 1983 through 1986. Pregnancies were meticulously dated and the gestational ages 
of.the neonates at delivery were confirmed by Dubowitz score. 

RESULTS: The incidence of respiratory distress syndrome gradually decreases with increasing gestational 
age until 36 weeks. A marked decrease in the incidence of necrotizing enterocolitis, patent ductus. __ 
arteriosus, intraventricular hemorrhage, and sepsis occurs after 32 completed weeks. The number of days 


of mechanical ventilation for respiratory distress syndrome and newborn stay in the tertiary care facility 


also were significantly reduced after 32 weeks. 


CONCLUSIONS: The incidence of both respiratory distress iade and patent ductus arteriosus is 
markedly decreased by both increasing gestational age and birth weight. The incidence of.grade Ill and IV 
intraventricular hemorrhage, necrotizing enterocolitis, and sepsis virtually vanishes after 34 weeks. These 
data relating neonatal morbidities to gestational age are important to the obstetrician in the critical decision 
regarding the timing of delivery and to the parents, who can benefit from a realistic prediction of the 


neonatal course. (AM J Osstet GyNecoL 1992;166:1629-45,) 
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Decisions about the timing of preterm birth are made 
daily in our tertiary obstetric units. It is essential that 
the obstetrician making these decisions has information 
about the incidence of specific neonatal morbidities 
with respect to gestational age. Balancing the conse- 
quences of a preterm delivery with its attendant neo- 
natal morbidities against the maternal risks of contin- 
uing a complicated pregnancy is a very complex pro- 
cess. For instance, in the case of a mother with preterm 
labor the issues include whether to treat the labor, the 


From the Departments of Obstetrics, Gynecology and Reproductive 
Sciences," Pediatrics,’ Information Technology Services,‘ Epidemiol- 
ogy and Biostatistics,’ University of California Medical Center at San 
Francisco, the Department of Obstetrics and Gynecology, University 
of Alabama School of Medicine,’ the Department of Obstetrics and 
Gynecology, Ohio State University College of Medicine’ and the De- 
partment of Obstetrics, Gynecology and Reproductive Sciences, Uni- 
versity of Texas Health Sciences Center at Houston.® 

Supported in part by the March of Dimes Birth Defects Foundation. 
Presented at the Fifty-eighth Annual Meeting of the Pacific Coast 
Obstetrical and Gynecological Society, Ashland, Oregon, September 
9-12, 1991. 

Reprint requests: Patricia A. Robertson, MD, Department of Obstet- 
rics and Gynecology, University of California, Box 0346, San Fran- 
cisco, CA 94143-0346. 

6/6/37155 


length of treatment, the choice of single or multiple 
tocolytic agents, the risk of potentially life-threatening 
side effects of tocolytic medication on the mother,’ and 
the possibility of masking a serious maternal condition 
(e.g., chorioamnionitis) by treating the preterm labor. 
The decision process is based on the principle of de- 
livering the neonate with the least morbidity without 
placing the mother at excessive risk. Clearly, a key ele- 
ment in this decision process is an accurate’ prediction 
of a gestational age—specific neonatal morbidity. 

In previous reports the incidences of neonatal mor- 
bidities are most commonly categorized according to 
birth weight interval.’ If the incidence is presented by 


gestational age, there is usually no notation about the 


accuracy of prenatal dating. However, the obstetrician 
making the decision about the timing of a preterm birth 
usually has more confidence in the gestational age than 
in the estimated fetal weight. Even when fetal weight 
is estimated by ultrasonography, there can be compli- 
cating factors affecting the accuracy of the estimate, 
such as presence of ruptured membranes, the inherent 
error of the various algorithms for estimating fetal 
weight, inability to attain certain measurements sec- 
ondary to fetal position, and the lack of sophistication 
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Table I. Summary of exclusions 


= Reason for exclusion | No. of neonates 


Maternal exclusions 3004 
Multiple gestation 695 
Neonatal exclusion 499 
Stillbirth | 301 
Both maternal and neonatal exclusion 148 
Neonatal death <24 hr 85 
Outcome unknown p 4 
Maternal complications not coded 19 
Newborn complications not coded 2 
Maternal exclusion data incomplete 21 
Neonatal exclusion data incomplete 4 


Gestational age <23 wk 9 
Gestational age >45 wk l 
Birth weight <500 gm 3 
Birth weight unknown 6 


TOTAL | 4801 


of available equipment. This baper emphasizes the in- 
cidence of selected neonatal morbidities at specific ges- 
tational ages in-20,680 carefully dated, uncomplicated 
pregnancies. Some of the data will also be described by 
birth weight, an approach that may be more useful to 
pediatricians, neonatologists, and hospital administra- 
tors. Selected major morbidities will also be described 
in categories combining birth weight and gestational 
age. 


Methods 


Maternal demographic and neonatal outcome data 
from five tertiary care centers in the United States were 
obtained from 1983 through 1986. Patients included 
in this analysis had a last normal! menstrual period be- 
tween November 1, 1982, and December 9,.1985. The 
data were collected in conjunction with a clinical trial 
of a preterm birth prevention program in high-risk 
mothers sponsored by the March of Dimes Birth De- 
fects Foundation. The five centers were the University 
of Alabama in Birmingham (University Hospital and 
Cooper Green Hospital), University of California Med- 
ical Center at San Diego, Vanderbilt University (Nash- 
ville General Hospital, Vanderbilt University Hospital), 
Ohio State University, and Northwestern University 
Medical Center. The University of California Medical 
Center at San Francisco served as the site of data man- 
agement and analysis. Virtually all pregnant women 
(low and high risk for preterm labor) who used these 
centers for their prenatal care were included. However, 
each center was allowed to determine certain catezories 
of patients to be excluded from the study. Examples 
include private patients, patients being followed in spe- 
cial clinics for medical complications of pregnancies, 
such as diabetes, and patients entered into other pro- 
tocol studies. Maternal and neonatal transports to the 
centers were excluded at all centers. 
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Table II. Specific maternal exclusions 


Maternal complication % 
Preeclampsia-eclampsia 38.3* 
Chronic hypertension 23.4 
Diabetes (class A) 18.4 
Diabetes (classes B to R) 6.5 
Substance use 9.2 
Syphilis 2.2 
Placenta previa 2i 
Abruptio placentae 6.5 
Hemoglobinopathy 1.4 
Other (e.g., renal disease, fetal surgery) 3.7 


*Exceeds 100% because some patients had more than one 
exclusion. 


Patients were managed according to policies and pro- 
cedures extant at each center. In general, patients with 
ruptured membranes did not receive tocolytic drugs. 
Regardless of the status of the membranes, most pa- 
tients did not receive corticosteroids. 

A delivery data form was completed for each patient 
at the time of delivery. This form was sent to the Uni- 
versity of California Medical Center at San Francisco 
for data entry 30 days after delivery regardless of 
whether the ‘neonate was still hospitalized. Data was 
entered and edited by means of a commercially avail- 
able information system and a mainframe computer. 
Internal logistic quality control mechanisms were built 
into the data entry mechanisms. Any cases not passing 
the quality control screens resulted in the forms being 
sent. back to the individual sites for review and resub- 
mission. A nurse-clinician from the medical center vis- 
ited each study site annually to review adherence to 
protocol and data abstraction. At each visit a random 
sample of records were reabstracted and compared 
with the original data. : 

Determination of gestational age was made meticu- 
lously. Assigned prenatal gestational age was based on 
date of the last menstrual period, the clinical exam at 
the first visit, and ultrasonography, if performed. A 
neonatal gestational age was assigned with a modified 
Dubowitz examination. Each principal investigator re- 
viewed the gestational age assignments of neonates 
weighing <2750 gm. If there was <3 weeks discrepancy 
between the prenatal gestational age and the assigned 
neonatal gestational age, the prenatal gestational age 
was the final gestational age. If there was a discrepancy 
of =3 weeks, or =2 weeks spanning the thirty-seventh 
week, a preassigned independent obstetrician-observer 
not otherwise associated with the study assigned the 
final gestational age after review of all appropriate dat- 
ing parameters. 

From the population of 25,481 we created a sub- 
population with the following criteria: (1) live-born, 
(2) singleton pregnancy, (3) inborn at tertiary care fa- 
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Fig. 1. Incidence of RDS (A), intraventricular hemorrhage grades ILI and IV (IVH) (B), sepsis (C), 
and necrotizing enterocolitis (NEC) (D) displayed by gestational age at birth. 


Table III. Ethnic composition of patients at various tertiary centers 






University of Alabama 


University Hospital 83.5 
Cooper Green Hospital 61.5 
Subtotal 
University of California, San Diego 4.7 
Vanderbilt University 
Nashville General Hospital 32.8 
Vanderbilt University Hospital 40.7 
Subtotal 
Ohio State University BI 
Northwestern University Hospital 43.3 
TOTAL 46.4 


cility, (4) final gestational age between 23 and 44 weeks, 
(5) birth weight >500 gm, and (6) neonatal survival 
>24 hours. Infants who died within the first 24 hours 
of life were excluded, to allow a minimum time for the 
development and diagnosis of a specific neonatal mor- 


Ethnicity (%) 


16.3 
38.2 


24.4 


66.4 
58.0 


44.1 
92.9 


35.4 











Total No. of patients 


0.0 0.1 3,471 
0.0 0.3 4,676 
l 8,147 
65.7 52 4,280 
0.1 0.6 1,844 
0.7 0.7 1,185 
3,029 

0.1 2.5 2,704 ` 
22.0 2.1 2,520 
16.3 1.8 ; 20,680 


bidity, e.g., patent ductus arteriosus, necrotizing en- 
terocolitis. 

Gestational age was defined as completed weeks and 
was analyzed weekly from 23 through 36 weeks and 
every 2 weeks from 37 until 44 weeks. Thus an infant 
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Fig. 2. Incidence of patent ductus arteriosus (PDA) (A), hyperbilirubinemia requiring phototherapy 
(B), hypoglycemia (C), and none of the specific neonatal morbiclities (D) displayed by gestational 


age at birth. 


delivered at 234% weeks was recorded as 23 weeks of 
gestation. Birth weight categories were described in 100 
gm intervals from 500 until 999 gm, 250 gm intervals 
from 1000 to 3999 gm, and =4000 gm. | 
Once the subpopulation wes defined, additional ma- 
ternal and neonatal exclusiors were based on a mater- 
nal or neonatal condition that could affect a specific 
morbidity or birth weight, e.g., the increased incidence 
of respiratory distress syndreme (RDS) in neonétes of 
diabetic mothers or the decreased birth weight of those 
neonates whose mothers have hypertension. Maternal 
exclusions included mothers with hypertension, pre- 
eclampsia, diabetes (classes A through R), abrupt:o pla- 
centae, placenta previa, renal disease, hemoglobinop- 
athies, systemic infections, substance abuse, and colla- 
gen disease. Because population-specific growth curves 
were not available for each geographic region repre- 
sented, intrauterine growth retardation was not an ex- 
clusion. Additionally, the population studied included 
46.4% black women; some data suggest that a different 
population-specific growth curve be used.’ The data 
were analyzed before and after the application. of the 


’ 


maternal exclusions. Neonatal exclusions included neo- 
nates with congenital anomalies (structural or chro- 
mosomal) and congenital infections. 

Standard definitions of the neonatal morbidity cat- 
egories were used by the participating institutions. RDS 
was defined as the early onset of tachypnea, retractions, 
and oxygen requirement with radiographic confirma- 
tion. Infants with transient tachypnea, meconium as- 
piration, pulmonary edema, and pneumonia were spe- 
cifically not included in the RDS category. Patent ductus 
arteriosus was defined as a systolic murmur accompa- 
nied by bounding peripheral pulses with either devel- 
opment of pulmonary edema or echocardiographic 
confirmation of a left-to-right shunt. Intraventricular 
hemorrhage was diagnosed with routine ultrasonog- 
raphy or computerized tomography and was classified 
as grade I to IV according to Papile. Infants weighing 
<1500 gm were routinely screened for intraventricular 
hemorrhage. Infants weighing 21500 gm had radio- 
graphic evaluations for intraventricular hemorrhage 
only if they were symptomatic. Necrotizing enterocolitis 
was diagnosed by a combination of abdominal disten- 
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Fig. 3. Mean number of days of mechanical ventilation for all neonates with RDS and survivors with 


RDS displayed by gestational age at birth. 
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Fig. 4. Mean number of days stay at tertiary care center for total population and survivors, displayed 


by gestational age at birth. 


tion and evidence of intramural air or perforation. In- 
fants with hyperbilirubinemia were described in two 
groups: those requiring phototherapy and those re- 
quiring exchange transfusion. These therapies were 
initiated according to each nursery’s usual protocol. 
Sepsis was a broad category and included early onset 
neonatal sepsis or meningitis and nosocomial infections 
of blood or spinal fluid. Infants with suspected sepsis 


but negative cultures were not included. Hypoglycemia ' 
was defined as blood glucose <30 mg/dl or a capillary 
qualitative glucose of =25 mg/dl. 

The incidences of the above-defined neonatal mor- 
bidities were calculated by gestational age and birth 
weight. Similarly, the percent of neonates not having 
any of the selected morbidities was described. The in- 
cidence of admission to the neonatal intensive care unit 
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Table IV. Incidence (percent) of respiratory distress syndrome by combined gestational age and birth weight 


Birth 
weight (gm) 


700-799 

800-899 

900-999 
1000-1249 
1250-1499 
1500-1749 
1750-1999 
2000-2249 
2250-2499 
2500-2749 
2750-2999 
3000-3249 
3250-3499 
3500-3749 
3750-3999 
=4000 


No. 


100 8 
87 
100 


100 
83 
87 


100 


73 2 
44 


23 27 31 28 36 


68 
47 


-1l 


53 


Gestational age (wk) 


7 


54 50 
45 28 48 12 17 25 0 
17 27 38 18 0 0 0 
26 3] I] 8 10 2 
14 18 17 5 2 1 
20 8 7 2 0 
23 5 3 0 
0 8 0 0 
4 0 
0 
] 
] 
5] 107 112 229 298 544 4803 


Table V. Incidence (%) of intraventricular hemorrhage (grades III and IV) by combined gestational age and 


birth weight 


Birth 
weight (gm) 


700-799 
800-899 
900-999 

1000-1249 

1250-1499 0 

1500-1749 

1750-1999 

2000-2249 

2250-2499 

2500-2749 

2750-2999 

3000-3249 

3250-3499 

3500-3749 

3750-3999 

=>4000 


No. 


50 
12 
14 


22 
50 50 
0 
7 


CO E E 


or intermediate care unit was also determined The 
mean number of days on mechanical ventilaticn for 
neonates ventilated for RDS and the mean number of 
days for newborn stay in the tertiary care facility were 
calculated for both survivors and the entire sub>0pu- 
lation. Because the number of neonates in the gesta- 
tional age categories 23 and 24 weeks and birth weight 
categories 500 to 599 and 60C to 699 gm were so small, 
the incidences of neonatal morbidities in these cate- 
gories are not included in the figures but are described 
in Appendixes I and II. For some analyses, the data 
were further subcategorized by sex and by ethnicity. 
For selected comparisons in regard to sex or ethnic 
group, the standard errors of incidence rates were com- 


oom mM 


53 


Gestational age (wk) 


0 0 i 
5 2 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 
0 0 0 
0 
0 
51 107 112 229 298 544 4803 


puted to assist in evaluating the significance of observed 
differerices with the formula: 


PISF) 
N 


where N is the total number of neonates and P is the 
incidence of event (e.g., morbidity). The best-fit fifth- 
order polynomial curve was plotted to depict the in- 
cidence of major neonatal morbidities. Modified birth 
weight—gestational age charts‘ for gestational ages 25 
through 44 weeks and birth weight intervals from 700 
to 4000 gm were prepared by plotting incidence rates 
by combined gestational age and birth weight for a 
more specific examination of how a birth weight cate- 
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gory affected morbidity at a certain gestational age or 
vice versa. Only those combined cells with four or more 
neonates are reported. These combined charts were 
prepared for RDS, intraventricular hemorrhage, sep- 
sis, necrotizing enterocolitis, patent ductus arteriosus, 
and hypoglycemia. 


Results 


A total of 25,481 babies were delivered at the five 
centers and are recorded as part of our study popu- 
lation. Table I describes the various exclusions resulting 
in a final population of 20,680 neonates. Conditions 
contributing to maternal exclusions are listed in Table 
II. Table HI describes the ethnicity of the pregnant 
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women by center. The overall ethnic composition was 
46.4% black, 35.4% white, 16.3% Hispanic, and 1.8% 
other. Table II also includes the total number of pa- 
tients contributed bv each of the seven hospitals in the 
five different centers. Maternal age distribution was 
fairly even, with ages 21 through 25 years contributing 
the largest number of patients to the study. Fifty per- 
cent of the patients were married. Educational level 
varied: 59.4% of the population had =12 years of ed- 
ucation and 11.8% had <8 years. Sixty-eight percent 
of the population had seven or more prenatal visits, 
15% had four to six visits, 9% had one to three visits, 
and 8% had no prenatal visits. Evaluation of data ac- 
curacy by reabstraction of data by the nurse-coordi- 
nator revealed an error rate of <1%. These errors were 
random in occurrence. Only 4.2% of the 20,680 neo- 
nates in our subpopulation had a final gestational age 


` that required adjustment by the independent observer. 


We would like to emphasize that there were differ- 
ences in management protocols between the five cen- 
ters with respect to the administration of corticosteroids 
for fetal lung maturation, the use of tocolytics, and the 
management of prolonged premature rupture of mem- 
branes. Of the 697 deliveries occurring from the 
twenty-third through the thirty-fourth week of gesta- 
tion, 195 (30%) had ruptured membranes at the time 
of admission. Of the 502 with intact membranes, 358 
(71%) received parenteral or oral tocolytic medications 
and 101 (20%) received corticosteroids for fetal lung 
maturation. Because our priority was to study the in- 
cidence of overall neonatal morbidities in uncompli- 
cated pregnancies and to obtain the largest number of 
neonates per gestational age category, we did not sub- 
divide the already small number of neonates into 
groups on the basis of membrane status or medications 
received. 

Figs. 1 and 2 describe the incidence of specific neo- 
natal morbidities from 25 weeks of gestation to term. 
Data from the twenty-third and twenty-fourth week 
were not included because the number of neonates in 
each category were so small (6 and 12, respectively). 
Fig. 1 includes data on the gestational age—specific in- 
cidence of RDS (A), grade III and IV intraventricular 
hemorrhage (B); sepsis (C), and necrotizing enteroco- 
litis (D). Fig. 2 depicts similar data for patent ductus 
arteriosus (A), hyperbilirubinemia treated with photo- 
therapy (B), and hypoglycemia (C). Fig. 2, D, describes 
the gestational age—specific incidence of having neither 
hyperbilirubinemia treated by exchange transfusion 
nor one or more of the other six specific morbidities. 
Fig. 3 describes the mean number of days (with stan- 
dard deviation) of mechanical ventilation for neonates 
in whom RDS developed. Data for both surviving in- 
fants and all infants ventilated are presented. In the 
35-week category, there is an increase in the mean num- 
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= VI. Incidence dan of sepsis by combined gestational age and birth = 


Birth 
weight (gm) 


700-799 

800-899 

900-999 

1000-1249 20 20 27. 
1250-1499 | 15 4 


1500-1749 l 7 


1750-1999 
2000-2249 
2250-2499 
2500-2749 ` 
-2750-2999 
3000-3249 
3250-3499 
3500-3749 
3750-3999 
=4000 


No. i 23 27 31 28 . 36 53 


Gestational age (wk) 


15 
10 0 5 : 

247 4 3 7 0 0 

4 12 3 6 0 0 

0 9 l 0 1 

3 4 3 0 

0 0 0 l 

0 0 0 

0 0 

0 

0 

51 +107 112 2299 998 54 4803 


Table VII. Incidence (percent) of necrotizing enterocolitis by combined gestational age and birth weight 


Birth 
weight (gm) 


~ 700-799 
800-899 
900-999 


rl 
22 


F 0 
14 0 


` 1000-1249 | 13 27 25 


1250-1499 jl. 8 18 


1500-1749 0 13 
1750-1999 s Q 
2000-2249 

2250-2499 

2500-2749 

2750-2999 

3000-3249 

3250-3499 

3500-3749 

3750-3999 

=4000 


No. 23 27 31: 28 36 53: 


ber of days ventilated at 34 weeks from 3.1 ta 8.7. 
However, one neonate is responsible for this increase 
(birth weight of 750 gm at 35 weeks with 147 days on 
mechanical ventilation). If this one neonate was elim- 
inated, mean number of days would become 1.0 + 1.53 
days. Fig. 4 describes the mean number of days (with 
standard deviation) of neonatal stay in the tertiary care 
facility for both all neonates and survivors. . 


All morbidities were also examined in subcategories ` 


of ethnicity, maternal age, and newborn sex. No statis- 
tically significant differences were found except in two 
subgroups. The incidence of hypoglycemia was signif- 
icantly higher in Hispanic neonates weighing 4C00 to 


Gestational ¿ age (wk) 


& 13 

a 7 0 12 0 0 0 
8. 5 3 4 0 11 0 
4 0 3 0 0 0 

0 0 0 0 l 0 

0 3 0 2 0 

0 3 0 0 

0 0 0 0 
0 0 

0 0 

0 

0 

51 107 112 298 544 4803 


229 


4999 gm (2.8% in Hispanic, 1.3% in white, and 1.5% 
in black neonates), and the incidence of neonatal hy- 
poglycemia was higher for women over the age of 30 
(0.8% <30 vs 2.1% >35). This latter finding occurred 
despite the exclusion of maternal diabetes. 

Tables IV, V, VI, VIL, VIII, and IX describe the 
incidence of the more frequent major neonatal mor- 
bidities (RDS, intraventricular hemorrhage, sepsis, nec- 
rotizing enterocolitis, patent ductus arteriosus, and hy- 
poglycemia) within combined birth weight—gestational 
age categories. 

Appendix I contains a complete tabulation on all data 
on the specific neonatal morbidities and the frequency 
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of admission to the intensive care nursery displayed by 
gestational age. Appendix II includes the same data 
displayed by birth weight category. l 


Comment 

This study presents data from a large number of 
pregnant women who had prospectively dated preg- 
nancies and whose neonates were examined for specific 
morbidities. Pregnancies from five centers across the 
United States are included. The only previous study of 
neonatal morbidity in well-dated pregnancies was in a 
very limited population of 170 neonates.*® Maternal de- 
mographic characteristics of our population generally 
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represent low- to middle-class women with a large rep- 
resentation by blacks. The majority of the pregnant 
women (68.7%) in this study had more than six prenatal 
visits. The combination of the large number of prenatal 
visits by the majority of women and the readjustment 
of only 4.2% of final gestational ages supports the ac- 
curacy of prenatal assignment of gestational age. 

The incidence of RDS is probably the most frequently 
studied morbidity published in the literature. Our 
study confirms previous studies of the incidence at ap- 
proximately a 55% to 65% risk at 28 to 30 weeks of 
gestation and 30% to 40% risk at 31 to 33 weeks of 
gestation. Our study also shows an extremely high in- 
cidence (80% to 90%) of RDS from 25 to 27 weeks of 
gestation. These incidences are similar to the smaller 
study by Konte et al? However, one difference from 
that study is the increased incidence of RDS at 35 (6.4%) 
and 36 weeks of gestation (3.3%). This incidence at 35 
and 36 weeks could possibly be decreased by more ag- 
gressive use of amniocentesis to identify the fetus at 
risk and use of tocolysis and corticosteroids as indicated. 
A report in 1979 bv Ballard et al. showed a 93% in- 
cidence of RDS in infants 500 to 750 gm whose mothers 
did not receive antenatal steroids. This figure is slightly 
higher than our incidence in birth weight category of 
500 to 799 gm. More recent publications compare the 
incidence of RDS in control versus treatment groups 
with various modalities including antenatal steroids, 
thyroid-releasing hormone, tocolytics, and prophylactic 
surfactant replacement.” Our data consists of infants 
born to mothers in tertiary centers, some of whom had 
prolonged ruptured membranes, antenatal steroid 
therapy, or tocolytic therapy and should reflect optimal 
management at that time. Still, the incidence of RDS 
in our study is extremely high at 23 to 27 weeks of 
gestation. Because the severity of RDS was not coded 
on the data‘entry form, the cases of severe versus mod- 
erate or mild disease could not be delineated. Our data 
fail to confirm a consistently decreased incidence of 
RDS in black neonates compared with white neonates 
when analyzed by gestational age or birth weight. Of 
note is the decrease in the incidence with increasing 
birth weight within each gestational age category be- 
tween 27 to 32 weeks and the decrease in incidence 
with increasing géstational age within each birth weight 
category between 1500 and 3000 gm (Table IV). Sur- 
prisingly, within the various gestational age categories 
at 35 to 38 weeks, there is no increase in the incidence 
as birth weight increases. Perhaps this finding is related 
to the exclusion of infants of diabetic mothers from this 
analysis. 

The mean number of days on mechanical ventilation 
for the entire population with RDS (Fig. 3) does not 
consistently decrease with advancing gestational age 
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Table VIII. Incidence (percent) of patent ductus arterisous by combined gestational age ane birth weight 


Gestational age (wh) 


Birth 


700-799 

800-899 iA 63 75 

900-999 43 33 
1000-1249 20 47 50 
1250-1499 33 31 27 


1500-1749 40 13 


1750-1999 33 
2000-2249 
2250-2499 
2500-2749 
2750-2999 
3000-3249 
‘3250-3499 
3500-3749 
3750-3999 
24000 


No, 23 27 31 28 36 53 
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Table IX. Incidence lads of hypoglycemia by combined gestational age and birth weight 


Gestational age (wh) 


Birth 


700-799 
800-899 l SE es 
900-999 0 17 l 
1000-1249 0 0 8 
1250-1499 1] 15 4 
1500-1749 0 7 
1750-1999 
2000-2249 
2250-2499 
2500-2749 l 
2750-2999 
3000-3249 
3250-3499 
3500-3749 
3750-3999 
=4000 


No. 23 27 31 28 36 53 


until 26 weeks of gestation, reflecting the mortality of 
those neonates with RDS at 23 to 25 weeks. For those 
survivors at 23 to 25 weeks with RDS, the average num- 
ber of days on the ventilator peaks at 24 weeks (74 
days) and gradually decreases with increasing gesta- 
tional age. It is of note that there is an increase in 
mechanical ventilation required for neonates at 34 
weeks of gestation, reflecting the presence of RDS as a 
morbidity at 34 weeks of gestation. 

In this report we have focused on the incidence of 
severe intraventricular hemecrrhage (grades II] and 
IV), which has been associated with a definite increase 
in long-term morbidity, developmental delay, and neu- 
rologic abnormalities. Our data on the incidence of 
severe bleeding are accurate up to 1500 gm. However, 


G 0 
10 7 5 25 0 0 0 
G 0 3 0 8 0 6 
0 0 5 2 2 4 
0 0 4 6 0 ] 
40 3 2 l 1 
0 3 l ] 
0 8 2 l 
0 I 
0 0 
3 
f 3 
5] 107 112 229 298 544 4803 


we may have missed some instances in larger babies 
who were not evaluated radiographically because they 
were asymptomatic. Nonetheless, the incidence of 
symptomatic severe bleeding drops to zero after 32 
completed weeks of gestation. In Konte et al.’s® small 
study the incidence was higher in the category 28 to 33 
weeks than in our findings, but their numbers were 
much smaller than those of our larger study (n = 33 
vs our 104 at 30 to 31 weeks). The incidence of intra- 
cranial hemorrhage in the literature, usually by birth 
weight groups, has been reported as 40% at <1500 
gm. McGuiness and Smith” reported on 112 consec- 
utive babies between 1500 and 2000 gm who were all 
asymptomatic but had a 13% incidence intraventricular 
hemorrhage. Shinnar et al.'? reported the incidence of 
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various grades of intraventricular hemorrhage by ges- 
tational age in infants weighing <1800 gm. At <26 
weeks of gestation, two had grade III and IV hemor- 
rhages, whereas by 33 to 36 weeks, none had grade III 
or IV hemorrhages. Pooled data on infants <1500 gm 
from six centers reported by Allan and Philip” showed 
the incidence of any grade of intraventricular hemor- 
rhage to be 77% at <26 weeks of gestation, 56% at 27 
to 28 weeks of gestation, 37% at 29. to 30 weeks of 
gestation, and 7% at or beyond 33 weeks. 

In general, the incidence of patent ductus arteriosus 
in our study is lower than the incidence previously re- 
ported in the literature. In 1972, Kitterman et al." re- 
ported a dramatically increased incidence in preterm 
infants. In that study in 15.3% of infants weighing 
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<1750 gm a hemodynamically significant ductus shunt 
developed. Heymann” in 1977 reported a 45% inci- 
dence in infants weighing <1750 gm with an incidence 
as high as 75% to 80% in infants <1250 gm. In 1989 
this very high incidence in extremely low-birth-weight 
infants was confirmed by Cassady et al.,° who found 
an incidence of 81% in infants weighing <1000 gm and 
in oxygen for lung disease. Gersony et al.,” in the large 
collaborative study of indomethacin, reported an in- 
cidence of 21% in infants weighing <1750 gm. A study 
of the incidence of patent ductus arteriosus on the basis 
of gestational age was performed by Siassi et al.’* in 
1976. The risk was as follows: 17% at 28 to 30 weeks, 
44% at 34 to 36 weeks, and 7.7% at 37 to 40 weeks. 
This high incidence at terrin may represent some infants 
with congenital ‘heart disease. More recently, John and 

codd’? in Australia in 1984 and 1985 evaluated at ba- 
bies at 24 to 26 weeks of gestation and found significant 
patent ductus arteriosus in only 15 of 34 or 44%. The 
lower incidence in his study and in our collaborative 
data may reflect changes in antenatal management, in- 
cluding the administration of betamethasone. In fact, 
in 1981 Clyman et al.” described a significant decrease 
in the incidence of patent ductus arteriosus after ma- 
ternal betamethasone therapy in infants weighing 500 
to 1500 gm. In our gestational age—birth weight data 
(Table VII), the incidence of patent ductus arteriosus 
decreases with advancing gestational age in the same 
birth weight category and also decreases with increasing 
birth weight within the same gestational age category. 
This finding parallels the pattern of the combined chart 
on birth weight and gestational age for RDS. 

The incidence of necrotizing enterocolitis is quite 
variable in our study but is high up to 31 weeks of 
gestation, when it begins to decline, becoming quite low 
after 34 weeks of gestation. The incidence in the lit- 
erature has varied from 3% to 10% in infants weighing 
<1500 gm and remains at about 1% until term.” The 
gestational age—birth weight data on ‘necrotizing en- 
terocolitis (Table VII) did not reveal a definite pattern 
of decreasing incidence until 35 weeks of gestation, or 
of birth weight >2000 gm, when the occurrence be- 
came rare. - . ) 

The incidence of neonatal sepsis in our study was 
very high up to 29 weeks of gestation (25%-35%) and 
declined by 32 weeks. It then remained stable at 1% to 
5% until a further drop at 37 weeks to 0.3% to 0.5%. 
The incidence’ of neonatal sepsis in all live births has 
been reported as between 0.1% to 0.4% over the last 
decade.” The incidence of infections seen in neonatal 
intensive care units has been much higher and contin- 
ues to. rise with an increasing incidence of nosocomial 
infections in very immature neonates with prolonged 
and complicated hospitalizations. Recent studies in -in- 
fants weighing <1500 gm have reported incidences 
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varying from 8% to 70%. The. National Institutes of 
Health neonatal network collaborative intravenous im- 
munoglobulin trial reported a 33% incidence between 
500 and 750 gm, dropping to 10% for 1250 to 1500 
gm neonates.” Our gestationa. age—birth weight data 
on sepsis (Table VI) were similar to the above chart on 
necrotizing enterocolitis until 35 weeks or >2000 gm 
when sepsis was at a baseline of 0% to 3% with no 
definite pattern. 

` The incidence of hypoglycemia in our study was def- 
initely higher in the very immature neonates (24 to 26 
weeks of gestation) and then declined as gestational age 
advanced. However, in the data arranged by birth 
weight there is an increase in hypoglycemia in infants 
weighing =4000 gm, although infants of diabetic 
women and diabetic pregnant women have beer: ex- 
cluded from our study. It is noteworthy that all centers 
were not routinely screening for gestational diabetes in 
all pregnant women during the years of the data col- 
lection. Additionally, most ‘babies were not rout-nely 
checked for hypoglycemia. Therefore it is possible that 
the low incidence of hypoglycemia in term, average- 
sized newborns possibly reflects the fact that screening 
did not occur. The higher values in the small and large 
infants may well represent an ascertainment bias. When 
the birth-weight category of 4000 to 4999 gm was scru- 
tinized carefully by ethnic group, Hispanic neonates 
were overrepresented, with a 2.8% incidence. of neo- 
natal hypoglycemia. This finding supports previous 
findings that Hispanic pregnant women have a higher 
incidence of gestational diabetes than white or black 
women.” . 

Data on mean length of stay for neonates in tertiary 
care facilities (Fig. 4) may be of interest to adminstra- 
tors in considering allocation of resources. Obviously, 
these data are influenced by the availability and will- 
ingness of community-based nurseries to accept trans- 
fer of these neonates. The mean length of stay was 3 
days for babies at least 37 weeks of gestation but in- 
creased steadily with decreasing gestational age to a 
peak mean stay of 58 days at 27 weeks. At <27 weeks 
of gestation, infants had shorter stays, presumably be- 
cause of increased mortality after the first days of life. 
However, when parents are counseled, the tab-e of 
length of stay for survivors conveys much more accu- 
rately the likely duration of hospitalization if the infant 
survives the early neonatal course. 

Virtually all infants <33 weeks of gestation were ad- 
mitted to the intermediate or intensive care nursery. 
At term 10% of infants were admitted. The admission 
rate rose to 14% at 43 to 44 weeks and reflects the 
increased morbidity of postterm gestation. l 

We were concerned by the relatively small number 
of infants delivered between 23 and 34 weeks of ges- 
tation and wondered about the wisdom of our maternal 
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exclusions. We considered the effect of these exclusions 
by comparing the incidence of each specific morbidity 
in the various weight and gestational age categories for 
the excluded neonates (3004) and our study popula- 
tions. If the exclusions had not been made, there would 
have been statistically significant differences in 25 of 
144 birth-weight categories and 16 of 144 gestational 
age categories. If we added the excluded patients the 
effect would be to increase the incidence of the various 
morbidities at the lower gestational ages and birth 
weights and decrease it in the large and more mature 
neonates. | | i 


Comment 


The data presented represent the largest series of 
accurately dated pregnancies in which the incidence of 
neonatal morbidities is studied by gestational age and 
birth weight. In general, the incidence of both RDS and 
patent ductus arteriosus is markedly decreased by both 
increasing gestational age and birth weight. The inci- 
dence of RDS is still significant at 35 to 36 weeks of 
gestation. The incidence of grade III and IV intraven- 
tricular hemorrhage decreases to zero after 32 com- 
pleted weeks of gestation. The incidence of necrotizing 
enterocolitis declines after 31 weeks of gestation and is 
very low after 34 weeks of gestation. The incidence of 
neonatal sepsis decreases after 32 weeks of gestation. 
The incidence of neonatal hypoglycemia is increased 
in premature neonates and declines gradually with in- 
creasing gestational age, unless the birth weight is 
=4000 gm, when the incidence is increased at 1.9%. 
This information about the incidence of neonatal mor- 
bidities by gestational age should be invaluable to the 
obstetrician in the critical decision regarding the timing 
of the delivery of the fetus and to the parents who can 
benefit: from a realistic prediction of the neonatal 
course. | 


We thank the additional principal investigators, coin- 
vestigators,-and nurse study coordinators: Richard O. 
Davis, MD, and Rachael L. Copper, CRNP, MSN, Uni- 
versity of Alabama; Steven Entman, MD (principal in- 
vestigator), Peter Cartwright, MD, and Susan Schewel, 
RN, Vanderbilt University Medical Center; Richard 
Depp, MD (principal investigator), and Gina Russano, 
RN, Northwestern University Medical Center; Francee 
Johnson, RN, BSN, The Ohio State University; and 
Thomas Key, MD (principal investigator), and Karen 
Yoder-Monfort, RN, CNM, University of California 
Medical Center at San Diego. | 
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Discussion 


Dr. JIMMIE WESTBERG, San Francisco, California. Dr. 
Laros has presented an excellent paper describing a 
large series of obsietric patients who had meticulous, 
prospective gestational dating confirmed by Dubowitz 
examination of the respective newborns. 

Selective morbidities of the newborn were evaluated 
both by the accurate gestational dates and birth weights. 
The purpose of this evaluation was to establish inci- 
dence norms for the specific morbidities to help in the 
complex decision process regarding preterm birth. 
However, maturity-related problems and infections 
are not the only problems faced in making these de- 
cisions. Neonatal mortality, neurologic handicaps, and 
learning disabilities must also be considered. This ar- 


_ ticle accomplished its goals in a limited way. It is a 


beginning. It is unfortunate that mortality data were 
not specifically identified, as clearly these data were 
available. 

Having been involved in the California Medical As- 
sociation’s Neonatal Mortality Studies for California’s 
Health Services,’ I can appreciate the unbelievable time 
and effort that goes into such studies. Devising the 
forms, overseeing their completion, and reviewing the 
computer printouts requires superhuman work, par- 
ticularly when seven different hospitals are involved. 

I would now like to discuss portions of this study by 
comparing results to the California Neonatal Mortality 
Study for 1984. 

The present study involved tertiary centers through- 
out the United States. In California we have fairly well- 
defined obstetric units called regional centers and neo- 
natal units noted as California Children’s Services, 
levels I, II, and III. Usually regional centers are asso- 
ciated with level III nurseries. Table I shows the total 
live births in the designated neonatal units and their 
respective neonatal death rates. Only 18% of total births 
occurred in California's tertiary centers, certainly not 
a representative sampling. It is interesting to note that 
31% of the deaths in level III nurseries were thought 
to be preventative because of suboptimal care rendered 
by these centers. 

Table IHI compares the racial breakdown of the two 
studies listing the California State mortality data and 
Dr. Laros’ morbidity data. The disparity between the 
two studies is obvious. Because mortality and morbidity 
rates usually parallel each other, it is apparent from 
this table that the black neonatal mortality rate is sig- 
nificantly different from all other groups. The mor- 
bidity study showed no such differences. Table III, 
which shows data from the California mortality study, 
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Table I. Place of delivery by preventability, in-hospital neonatal deaths, California, 1984 




























California Children’s Services Neonatal death 
level of delivery Frequency and Total live raie/ 1090 
hospital preventability percentage births* live births? 
Home 3 (1.1%) 4,825 6.0 
Preventable 2 (66.7%) 
Level I 113 (42.3%) 283,108 3.9 
Preventable 35 (31.0%) 
Level II 76 (28.5%) 78,167 9.4 
Preventable 28 (36.8%) 
Level I 74 (27.7%) 80,015 9.0 
Preventable 22 (31.1%) 
TOTAL 267 (100%) 447,351 6.0 


* According to the State of Calitornia, Department of Health Services, 1984 Birth Cohort. 
{Frequencies are extrapolated Trom the 10.3% random sample to the total number of deaths in California to calculate rates. 


Table II. Race of mother, in-hospital neonatal deaths, California, 1984 











Live Births 


Race of mother (no. and %) 





White 229,053 (51.2%) 
Hispanic 133,023 (29.7%) 
Black 38,639 (8.6%) 
Other 44,216 (9.9%) 


2,394 (0.5%) 
447,325 (100%) 


No information 


TOTAL 


may provide a partial answer to this racial discrepancy. 
Approximately 20% of all necnatal deaths occurred in 
<500 gm group. If only the b-ack neonates are ccnsid- 
ered, 29% were <500 gm and 31% were between 500 
and 750 gm. Most of these infants would have been 
excluded from the morbidity study. This is furthe> sub- 
stantiated by the fact that the median birth weight of 
black deceased neonates was 385 gm. 

Several other points in this article are disturbmg to 
me. Eight percent of the included mothers had no pre- 
natal care yet were meticulcusly dated. Pregnancies 
with preterm labor and delivery are not uncomplicated 
pregnancies. A 750 gm infant born at 35 weeks who is 
like a 27-week neonate is not compatible with meticu- 
lous dating. 

In conclusion, this is an excellent beginning. How- 
ever, this study covers only a small section of our ob- 
stetric delivery system, has a distorted racial mix of 
patients, and has too many exclusions. In the fucure I 
hope studies of neonatal mortality and morbidity will 
be undertaken with standardized obstetric and neonatal 
forms that are meticulously completed. With this in- 
formation accurate mortality and morbidity rates will 
be ascertained for each racial group. For now, we can 
say to our patients, “If your baby is born after more 
than 23 weeks and lives more than 24 hours, we can 
make some projections as to morbidity, duration of hos- 
pitalization, and financial cost.” 

I have several questions for Dr. Laros: (1) Why were 
patients from the University of California, San Fran- 
cisco not included? (2) What percentage of the births 







Proportion of 
Racse-specific neonatal death Morbidity study 
ratel 1000 live births (%) 








4.9 35.4 
5.0 16.3 
13.1 46.4 
5.7 1.8 


— 100% (20,680) 


occur in the tertiary centers compared with their re- 
spective catchment areas? (3) How were the meticulous 
dating criteria applied to the pregnancies of mothers 
with no prenatal care? and (4) Was the 750 gm infant 
who was born at 35 weeks small for gestational age? — 
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Dr. ROBERT C. GOODLIN, Placerville, California. The 
March of Dimes spent millions of dollars and, until now, 
we have heard no results. In my opinion this has been 
a real “black eye” for academic obstetrics. As far as I 
know, this is the first detailed analysis of those data. If 
Dr. Laros’ study can be done, I don’t understand why 
we haven't heard the rest of the story. My suspicion is, 
of course, that there was a negative outcome. 

I have two other questions that concern RDS. First, 
I have always believed there was an increased incidence 
between 33 and 35 weeks and I thought I saw a little 
peak on Fig. 3. Did you see it? Second, I have also 
thought that when RDS occurs after 34 weeks it is often 
a more severe disease process. Do your data support 
this concept? 

Dr. JULIAN T. PARER, San Francisco, California. I 
have two comments. First, I was much more comfort- 
able with the conclusions you previously reported— 
that 34 weeks was the time when the cost/benefit ratio 
shifted so that financially it was better to deliver a baby 
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Table IH. Race of mother by birth weight, in-hospital neonatal deaths, California, 1984 


Race of mother (No. and %) 


Birth 
0-499 24 (20.9%) 14 (20.3%) 15 (28.8%) 1 (3.8%) 1 (20.0%) 55 (20.6%) 
500-749 19 (16.5%) 10 (14.5%) 16 (30.8%) 7 (26.9%) 1 (20.0%) 53 (19.8%) 
750-999 16 (13.9%) 7 (10.1%) 5 (9.6%) 3 (11.5%) 2 (40.0%) 33 (12.4%) 
1000-1499 12 (10.4%) 8 (11.6%) 1 (1.9%) 2 (7.7%) 0 (0.0%) 23 (8.6%) 
1500-2499 24 (20.9%) 12 (17.4%) 6 (11.5%) 6 (23.1%) 1 (20.0%) 49 (18.4%) 
2500-3999 16 (13.9%) 14 (20.3%) 7 (13.5%) 5 (19.2%) 0 (0.0%) 42 (15.7%) 
>4000 3 (2.6%) 2 (2.9%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 5 (1.9%) 
Unknown 1 (0.9%) 2 (2.9%) 2 (3.8%) 2 (7.7%) 0 (0.0%) 7 (2.6%) 
TOTAL 115 (100%) 69 (100%) 52 (100%) 26 (100%) 5 (100%) 267 (100%) 





Note: Numbers are separated by percentages in each racial category. The median birth weight for deceased neonates of white 


mothers was 905 gm; Hispanic mothers, 1080 gm; black mothers, 585 gm; and mothers of other races, 1345 gm. 


rather than keep the mother in the hospital generating 
a large bill.' I am now a little uncomfortable with that 
conclusion because you have clearly shown a continuum 
of morbidity. Where on that continuum of newborn 
morbidity after 34 weeks would you allow a woman to 
be delivered? That is, what is an acceptable degree of 
morbidity? 

My second question regards doing amniocentesis to 
determine pulmonary maturity after 34 weeks, when 
betamethasone has not been shown to be effective. It 
seems to me that because the incidence of respiratory 
distress syndrome is going to be 5%, or certainly in the 
single-digit percentages, most of those amniocenteses, 
lecithin/sphingomyelin ratios, phosphatidylglycerol 
determinations, and much of the betamethasone treat- 
ment might well be largely wasted. The question can 
and should be studied from the standpoint both of the 
cost/benefit ratio and of morbidity before we accept 
amniocentesis as the preferred procedure at that 
stage. 
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Dr. Laros (Closing). Dr. Westberg points out very 
clearly a dilemma that we faced. When the data analysis 
for the State of California is done, birth and death 
certificate information is used. Although this provides 
a large number of patients, the data are flawed by in- 
accuracies in the gestational age and by the limited 
number of diagnoses available on the records of both 
mother and infant. On birth certificates and fetal death 
certificates there are only four boxes for diagnosis, and 
we all know that many neonates who have been in the 
intensive care nursery have many important problems. 
These problems simply are not included in the data 
set. In our study, on the other hand, we have very 
precise data on a limited number cf patients. As ex- 
pensive as collecting these data was, to go further and 
attempt to gather information on learning disabilities 
of the offspring would be prohibitively expensive. 


Why was the University of California, San Francisco 
not a study site? Our department already had an ed- 
ucational program and thus would not have been an 
appropriate study site. 

We do not know what percentage of the total pop- 
ulation in the area was represented by the infants de- 
livered in each of these tertiary centers. It would be 
interesting to know how representative our sample was. 

With respect to the meticulous dating on patients 
with no prenatal care, this 8% of our population was 
dated by the Dubowitz score, the best criterion available 
for patients with no prenatal care. 

I do not believe that we had a 750 gm infant delivered 
at 35 weeks in our data set. If we had one, it obviously 
would have been an example of marked intrauterine 
growth retardation. 

Dr. Goodlin, for political reasons, I will not answer 
the question of whv so few data have been made public 
from the March of Dimes study. In the immediate fu- 
ture you can expect to see a fairly large number of 
publications by various investigators using this data set. 
The involved principal investigators agreed that it was 
most appropriate to separate into three reports the ges- 
tational age and birth weight data, the mortality data, 
and the morbidity data. Dr. Westberg, our article is 
lengthy, with a number of tables and appendixes, and 
the companion articles will have similar amounts of 
data. 

Dr. Parer, the analysis that we have previously 
published’ says that at 34, 35, and 36 weeks it is most 
cost-effective to allow a mother to be delivered. These 
data say that at these gestational ages there is a very 
low incidence of RDS, sepsis, and hyperbilirubinemia. 
Patent ductus arteriosus and intraventricular hemor- 
rhage do not occur. You inspire me to do a cost-ef- 
fectiveness analysis of amniocentesis and betametha- 
sone use during the thirty-fourth and _ thirty-fifth 
weeks, 
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Appendix I. Neonatal, morbidity by gestational age 


Gestational age (ah 


| 83.3 


Respiratory distress syndrome | 66.7 > 87.0 2.6 83.9 64.3 52.8 

Intraventricular hemorrhage 16.7 25.0 «+ . 30.4 20E _ 16.) o 3.6 2.8 
(grades III and IV) | - . i l 

Sepsis . 33.8 25.0 | 8.7 ' 33.3 35.5 25.0 25.0 

Necrotizing enterocolitis 16.7 8.3 174  . + ILI 9.7 25.0 13.9 

Patent ductus arteriosus 16.7 33a 60.9 48.1 38.7 42.9 44.4 

Phototherapy for hyperbiliru- ~ 16.7 66.7 . 43.5 92. 6 80.6 67.9 75.0 

' binemia . a + 

Exchange transfusion for hy- 0.0 . 0.0 04.3 03.7 06.5 0.0 > 02.8 
perbilirubinemia. i 

Hypoglycemia . 0.0 8.3. 17.4 148 > 9.7 | 7.1 . 83 

None of the above - = 16.7 © 16.7 4.3 0 0 7.1L 5.6 

Admission to intensive care 100.0 ~ 100.0 - 100.0 100.0 ~ 100.0 100.0 100.0 
or special care nursery . | 

TOTAL (N = 20,680) 6 12 °° 23 27 81. 88 36 


Append II. Neonatal morbidity by birth weight 


Birth weight (gm) 
Respiratory distress syndrome 85.7 58.3 77.4 96.0 85.7 65.5- 51.9 32.3 
Intraventricular hemorrhage ' 14.3 25.0 290 ` 28.0 9.5 69 1.3 LE 2 
(grades III and IV) a ; f . 
Sepsis 143 ` 333 16.1 20.0 47.6 20.7 15.6 '- 38 
Necrotizing enterocolitis 28.6 | 8.3 12.9 16.0 19.0. 20.7 13.0 5.4 
Patent ductus arteriosus 42.9 41.7 48.4 56.0 42.9 310 24.7 = 10.8 
Phototherapy for hyperbiliru- 28.6 66.7 71.0 76.0 90.5 69.0 70.1 61.5 
binemia i ue 
Exchange transfusion for 0.0 0.0 12.9 4.0 0.0 0.0 0.0 0.8 
hyperbilirubinemia ar er. 
Hypoglycemia 14.3 16.7 16.1 16.0 14.3 Da: 6.5 7.7 
_ None of the above 14.3 83 65 0.0 0.0 ©. 00 O17 26.2 , 
Admission to intensive care 100.0 100.0 100.0 ` 100.0 100.0 -100.0 96.1 99.2 
unit 


“Total (N = 20,680) 7 12 Bd 25 21° 8 77 130 
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Gestational age (wh) 


54.7 37.3 98.0 33.9 13.5 1.6 
1.9 2.0 0.9 0.0 0.0 aa ; ; 00 ae ae 0.0 
11.3 13.7 98 5.4 3.5 23 1.3 0.3 0.4 0.4 0.5 
15.1 7.8 5.6 1.8 3.1 0.3 0.9 0.0 0.1 0.0 0.0 
99.6 15.7 9.3 1.8 1.7 1.3 0.4 0.3 0.2 0.4 1.0 
73.6 58.8 63.6 43.8 29.3 16.4 9.0 3.5 9.3 2.7 2.3 
0.0 0.0 0.9 0.0 0.9 0.3 0.4 0.2 0.1 0.2 0.0 
5.7 3.9 47 3.6 4.4 4.4 1.1 0.9 0.5 0.5 0.8 
9.4 21.6 98.0 40.2 58.5 - 74.8 86.6 94.8 96.5 95.5 94.8 
94.3 96.1 98.1 83.9 70.3 41.6 94.1 10.2 9.6 12.6 16.9 
53 5] 107 112 999 298 544 4803 9981 3955 384 
Birth weight (gm) 





5.6 9.9 0.7 0.7 0.4 0.3 0.4 0.5 0.5 0.5 
3.1 0.8 0.3 0,2 0.0 0.1 0.0 0.1 0.0 0.0 
6.3 0.8 0.3 0.0 0.3 0.2 0.3 0.2 0.6 0.8 

39.4 16.4 8.8 4,8 3.0 3 2.6 9.4 1.9 9.9 
0.0 0.3 0.3 0.2 0.2 0.1 0.1 0.2 0.1 0.2 
9.5 2.7 9.0 1.0 0.5 0.5 0.4 0.3 0.6 1.9 

46.9 76.4 87.0 93,3 95.7 95.8 96.1 96.4 96.1 93.5 

83.8 48.3 94.9 15.8 9.7 9.2 10.5 9.6 10.2 14.3 


160 377 763 1626 2808 3982 4076 3159 1808 1560 


Deoxyribonucleic acid analysis by flow cytometry of uterine 
leiomyosarcomas and smooth muscle tumors of uncertain 


malignant potential 


William A. Peters III, MD, Donald R. Howard, MD, PhD, Willie A. Andersen, MD, and 


David C. Figge, MD 
Seattle, Washington, and Charlottesville, Virginia 


OBJECTIVES: The histologic distinction of uterine benign leiomyomas from leiomyosarcomas is difficult. 
Ploidy analysis and measurement of the proliferative rate were examined to determine if they could 
distinguish malignant from benign tumors and if they wer2 independent prognostic factors. 

STUDY DESIGN: Paraffin-embedded blocks were recut and prepared for flow cytometry with the 
technique of Hedley. Mitotic counts and tumor grading were performed on an adjacent hematoxylin and 
eosin—stained section. Statistical analysis was carried out with x? life-table, and Cox model analysis. 
RESULTS: There were 33 patients with deoxyribonucleic acid histograms that were acceptable for 
analysis. Fourteen tumors were diploid and 19 were aneuploid. There were no significant differences in the 
clinical characteristics between the patients with diploid tumors and those with aneuploid tumors. 
Aneuploid tumors were more likely to have cellular atypia (p = 0.085). There was a strong correlation 
between the percentage of cells in the S phase and the mitotic count (p = 0.0001). Increasing mitotic 
count, increasing S phase, presence of extrauterine disease, and postmenopausal status were all adverse 
prognostic factors. However, when multivariant analysis with a Cox model was used, only S phase and 
presence of extrauterine disease were adverse factors. Diploid tumors have a better overall survival 

(p = 0.0658) but a similiar disease-free survival. In thos patients who ultimately have relapses, diploid 
tumors have a significantly longer interval from relapse to death (p = 0.0045). 

CONCLUSIONS: Neither ploidy analysis nor measurement of the proliferative rate will distinguish a benign 
from a malignant course in an individual patient; however, ploidy is predictive of survival from time of 
disease progression and proliferative rate is the strongest predictor of overall survival. The. time-proven 
reliability of mitotic count in the diagnosis of smooth muscle tumors reflects its ability to predict proliferative 


rate. (Am J OBSTET GYNECOL 1992;166:1646-54.) 


Key words: Flow cytometry, proliferative rate, ploidy, uterine letomyosarcomas 


The bizarre appearance and marked atypia of many 
benign- uterine smooth musc.e tumors have made it 
difficult to establish absolute histologic criteria for the 
diagnosis of uterine leiomyosarcomas. With currently 
accepted definitions, tumors that arè classified as ma- 
lignant have a poor prognosis, with surival of 20% 
to 50% i in many series.’* To date the most reliable cri- 
terion for the diagnosis of leiomyosarcoma has been 
the mitotic count in the most active portion of the tu- 
mor.’ * +7 Currently, there is no proved efficacious 
adjuvant therapy. | 
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Deoxyribonucleic acid (DNA) analysis by flow cyto- 
metry has promise in establishing the diagnosis of be- 
nign versus malignant tumors and predicting the clin- 
ical course with the tumors. Identification of diploid 
tumors or tumors with a low proliferative rate (S phase) 
is of prognostic significance in other tumors, notably 
ovary and breast.*? Uterine leiomyosarcomas with a 
diploid histogram have been shown to have a better 
prognosis than tumors with an aneuploid pattern.” 
The usefulness of flow cytometry in ovarian tumors of 
low malignant potential suggests a similar use in uterine 
smooth muscle tumors; that was the genesis for this 
study. 


Material and methods 


Archival material was obtained from four Seattle area 
hospitals that are members of the Puget Sound On- 
cology Consortium (Swedish Hospital Medical Center, 
University of Washington Medical Center, Virginia Ma- 
son Medical Center, and Overlake Medical Center) and 
from the University of Virginia Medical Center. Par- 


Volume 166 
Number 6, Part 1 


affin-embedded blocks were recut in areas correspond- 
ing to the most aggressive-appearing portion of tumors 
previously identified as leiomyosarcomas or smooth 
muscle tumors of uncertain malignant potential. For- 
malin-fixed, paraffin-embedded sections of tissue were 
prepared for flow cytometric analysis with modifica- 
tions of a previously published method."* Briefly, 50 
um sections were made from a prepresentative paraffin 
block of tumor tissue. Sections were deparaffinized, 
hydrated, treated with pepsin, pepstatin A, Triton 
X-100, and ribonuclease. Cells were then stained with 
propidium iodide as the DNA fluorochrome. DNA- 
stained nuclei were prepared and run on an Epics C 
flow cytometer (Coulter Electronics, Hialeah, Fla.). A 
total of 25,000 nuclear events were acquired on a 
single-parameter, 256-channel integrated fluorescence 
histogram. 

A cell-cycle analysis software program (Multicycle, 
Phoenix Flow Systems, Inc., San Diego) was used to 
determine cell-cycle distributions of the presynthetic 
growth phase (G,G,), synthetic phase (S), and postsyn- 
thetic. and mitotic growth phases (G,M). DNA content 
was defined as aneuploid if two discrete GG, peaks 
were observed. In addition, the aneuploid GG, peak 
had to contain at least 10% of the 25,000 sample events 
and have a corresponding identifiable G,M peak. Visual 
inspection of histograms was performed. Those with 
excess debris or insufficient resolution to distinguish 
two peaks were considered uninterpretable for S-phase 
and ploidy determination. In this study the coefficient 
of variation of the GoG, peak of single-peak tumors was 
required to be <6 for the specimen to be considered 
interpretable for ploidy status.® 

All tissue was reviewed by the study pathologist 
_(D.R.H.) without knowledge of the clinical outcome. 
Malignancy grading was performed with a three-grade 
scale based on the classic grading system proposed by 
Broders and Hargrave.” Grading was determined pri- 
marily on cytomorphologic features (cell and nuclear 
pleomorphism) and degree of tissue differentiation.’® 
Mitotic counts were performed after the method of 
O’Connor and Norris.” To determine mitotic activity, 
sections were scanned under low-power magnification 
to identify the most mitotically active areas. These areas 
were counted under high-power magnification (x 400, 
area of field 0.159 mm’), and the highest number of 
mitoses in 10 consecutive random fields were recorded. 

The classification system of Hendrickson and Kemp- 
son was used.’ All tumors with >10 mitotic figures per 
10 high-powered fields were considered leiomyosar- 
comas. Tumors with five to 10 mitotic figures per 10 
high-powered fields were considered sarcomas if they 
had grade 3 of 3 cellular atypia and pleomorphism; 
otherwise, they were considered tumors of uncertain 
malignant potential. Hendrickson and Kempson also 
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Table I. Clinical characteristics in 33 women 
with leiomyosarcoma or smooth muscle tumors 
of uncertain malignancy potential 


Entire 
group | Diploid | Aneuploid 


No. of patients 33 44 19 
Median age (yr) 50 49 5] 
Race (% white) 88 86 89 
Premenopausal (%) 48 57 42 
Median parity 2 2 2 
Extrauterine disease 33 29 37 


(stage III or IV) (%) 


Table II. Correlation of aera and 
DNA analysis 


Entire | Diploid ee 
l Eini tumors | tumors | Significance 


Mean mitotic 29. 4 15.7 27.4 = 0.79 
count 
Atypia (%) 
Grade 1 42.5 57.0 32.0 
Grade 2 42.5 43.0 42.0 
Grade 3 15.0 0.0 26.0 p = 0.085 
Mean S phase (%) 12.4 9.2 14.8 p = 0.47 


classify tumors with two to four mitotic figures per 10 
high-powered fields with marked cellular atypia and 
pleomorphism as tumors of uncertain malignant po- 
tential. We did not have any patients with less than five 
mitotic figures per 10 high-powered fields for analysis. 

The Student ¢ test and x? were used to compare clin- 
ical characteristics and histologic features of diploid 
and aneuploid tumors. Proliferative rate and mitotic 
count were plotted and correlated with the Spearman 
rank coefficient. Kaplan-Meier life-table analysis was 
used, and differences in survival were compared with 
the log-rank method.” '? Cox model regression was 
used to simultaneously compare multiple variables with 
survival as the dependent end point.” 


Results 

We identified 33 patients originally diagnosed as hav- 
ing leiomyosarcoma who had acceptable DNA histo- 
grams with a coefficient of variation for GG, of <6. 
Nineteen of these tumors were aneuploid and 14 were 
diploid. The clinical characteristics of these patients 
were presented in Table I. There were no significant 
differences in age, racial breakdown, menopausal sta- 
tus, parity, or presence of extrauterine disease between 
aneuploid and diploid tumors. 

Table I] presents the correlation between histologic 
data and DNA analysis. Aneuploid tumors were 
associated with a high degree of cellular atypia (p = 
0.085). There was no correlation between ploidy status 
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Fig. 2. Life-table survival probability for entire group and by presence or absence of extrauterine 
disease. Dotted line, All patients; dashed lire, no extrauterine disease; solid ine, extrauterine disease. 


and mitotic count (p = 0.79) or between ploidy status 
and the percentage of cells in S phase (p = 0.47). 

There was, however, a strong correlation between the 
percentage of cells in S phase and the mitotic count 
(Fig. 1). When S phase and mitotic count were plotted 
with linear regression, the mitotic count predicted 47% 
_ of the variation in S-phase measurements. The null 
` hypothesis that there is no linear relationship is rejected 
at the 0.05 level (p = 0.0001). 

Fig. 2 plots the overall survival and survival by the 
presence or absence of extrauterine disease. ‘The me- 
dian survival for the entire group was 43 months, with 
a projected 5-year survival of 49%. The presence of 
extrauterine disease at the time of clinical presentation 
was a strong clinical predictor of survival. The median 


survival of patients with extrauterine disease was 24 
months and in patients without extrauterine disease 
was 79 months (p = 0.0002). 

Fig. 3 plots survival by menopausal status. The sur- 
vival advantage in premenopausal women approach 
statistical significance (p = 0.0837). | 

Fig. 4 presents the survival based on mitotic.count. 
When patients are divided into three groups, there was 
a suggestion of a better survival with lower mitotic 
counts; this trend approached statistical significance 
when all patients with mitotic counts >10 were lumped 
together (p = 0.0696). . 

Fig. 5 is a plot of survival by the percentage of cells 
in $ phase. There was a significant survival advantage 
for those patients with an S phase <10% (p = 0.0221). 
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Fig. 3. Life-table survival probability by menopausal status. Dashed line, Premenopausal; solid line, 


postmenopausal. 


100 


. PERCENT 


eee oe oe nyun uum e oe 





2 ee een 


YEARS 


Fig. 4. Life-table survival probability by mitotic count, Solid line, 5 to 10; dashed line, 11 to 20; dotted 


line, >20. 


Survival was also calculated with a break point of 12%, 
but in spite of moving three patients into the better 
prognosis group, there was almost no change in the 
' plots (p = 0.0271). Because of the strong correlation 
between S phase and mitotic count, the two were com- 
pared in a Cox model, with survival as the dependent 
variable. S phase was shown to-be the better indepen- 
dent predictor of survival (x? 7.95, p = 0.0048 vs x’ 
0.79, p = 0.3740). 
~ § phase and presence or absence of extrauterine dis- 
ease were compared in a separate Cox model. Both 
variables appeared to be independent predictors of sur- 
vival (x? 7.21, p= 0.0076 for S phase; x? 6.73, 
p = 0.0095 for extrauterine disease). As a single vari- 
able, cellular atypia was a signincane predictor of sur- 


? 


vival (x? 5.68, p = 0.0200); however, when examined 
in the Cox model with S phase and presence or absence 
of extrauterine disease, atypia was not an independent 
predictor of outcome (x? 0.02, p = 0.8830). 

When postmenopausal status was tested in the Cox 
model with S phase and presence of extrauterine dis- 
‘ease, menopausal status was not an adverse prognostic 
factor (x? 0.03, p = 0.8619), whereas presence of ex- 


trauterine disease (x? 5.25, p = 0.0219) and S phase (x? 


6.99, p = 0.0082) remained independent prognostic 
factors. 
Fig. 6 is. a plot of survival based on ploidy analysis. 


There is a better survival in diploid tumors, with a 


median survival of 78.5 months versus 35.1 months 
with aneuploid tumors (p = 0.0658). Diploid tumors 
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Fig. 5. Life-table survival probability by percentage of cells in S phase. Solid line, <10%; dashed line, 
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Fig. 6. Life-table survival probability ty ploidy status. Solid line, Diploid; dashed line, aneuploid. 


had a 70% 5-year survival and aneuploid tumors z 33% 
5-year survival; howver, when disease-free survival was 
plotted, there was no significant difference between 
diploid and aneuploid tumors (Fig. 7). This apparent 
discrepancy for survival between diploid and aneuploid 
tumors is explained by survival differences after re- 
currence, as plotted in Fig. 8. After development of a 
recurrence, patients with a ciploid tumor have a su- 
perior survival (p = 0.0045). 

There were 10 patients with a mitotic count cf five 
to 10 per 10 high-power fields (Table III). Non2 had 
grade 3 atypia and all were c:assified as tumors of un- 
certain malignant potential. Three of the 10 tumors 
were aneuploid; all three patients are alive and disease- 
free. Among the seven patients with diploid tumors, 


there have been four recurrences and one death. There 
is no clear-cut relationship between S phase and re- 
currence in these patients. When these patients have 
recurrence, they tend to have a more protracted course 
as compared with patients having leiomyosarcoma. 

In an attempt to find an S-phase cutoff below which 
there were no recurrences or deaths, we looked sepa- 
rately at the 11 patients who had an S-phase total of 
<5%. In addition to patients 3, 7, and 8 listed in Table 
III, two other patients with an S phase of <5% have - 
had recurrence. One had an S phase of 2.4% and a 
mitotic count of 11 per 10 high-power fields. She suf- 
fered a recurrence at 13 months and died at 36 months. 
The other patient had an S phase of 4.8% and a mitotic 
count of 12 per 10 high-power fields. A recurrence 
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Fig. 7. Disease-free survival probability by ploidy status. Solid line, Diploid; dashed line, aneuploid. 
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Fig. 8. Life-table survival probability from time of recurrence by ploidy status. Solid line, Diploid; 


dashed line, aneuploid. 


developed at 53 months and she died at 77 months. 
Thus patients with two of the lowest three S-phase val- 
ues have had recurrence. Among 11 patients who had 
an S phase >15%, 10 have had a recurrence. 


Comment 


Smooth muscle tumors of the uterus have presented 
problems both to the clinician and to the pathologist. 
Their clinical presentation is usually that of an enlarg- 
ing mass, and unless there is presence of extrauterine 
disease, it is impossible to distinguish a sarcoma from 
a rapidly enlarging leiomyoma. Even the presence of 
extrauterine disease does not establish the diagnosis of 
malignancy, as there are well-documented cases of be- 
nign metastasizing leiomyomas, intravenous leiomy- 


omatosis, and leiomyomatosis peritonealis disseminata. 
Clearly, there is a spectrum of disease from benign to 
malignant. Mitotic count has been the most consistent 
predictor, either alone or used in combination with 
atypia.’ *° The criteria of Hendrickson and Kempson’ 
acknowledge the uncertainty of the diagnosis and allow 
for a group of tumors of uncertain malignant potential. 
The patient’s age and menopausal status also appear 
to have a bearing on the prognosis. Patients with post- 
menopausal status have generally had a poorer prog- 
nosis.”"*° In our patients menopausal status was not an 
independent risk factor. 

DNA analysis has proved useful in some but by no 
means all of the tumors in which it has been examined. 
It has become a recognized independent risk factor in 
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Table III. Histology and flow cytometry on 10 patients with tumors of uncertain malignant potential 
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node-negative breast cancer.’ For uterine smooth mus- 
cle tumors Tsushima et al. found a strong correlation 
between tumor grade and an abnormal DNA pattern. 
Survival was better in-patients with diploid tumors, but 
they also found that 7% of patients classified as having 
benign leiomyoma had an aneuploid histogram and 
they cautioned that ploidy should not be used as an 
absolute criteria for the diagnosis of sarcoma. They did 
not present data on the apucate, of proliferative 
rate.. 

Our data underscore Tsushima’s T Ploidy 
does seem to be an indicator of the aggressivenesss of 
- the tumor. The finding of diploidy does not appear to 
have any ability to predict the benign versus malignant 
course of the disease, but once a patient had a relapse, 
diploid tumors tended to survive longer. 

Proliferative rate (S-phase percentage) and mitotic 
count are strongly linked. This finding is not surprising, 
because both are indicators of the division.rate of the 
individual cells. In the Cox model, S phase appeared 
to be the independent variatle. An S phase >15% was 
associated with recurrence in 10 of 11 patients. Un- 


fortunately, there was no lower level below which an S ) 


phase could be predictive of a benign course, and S- 
phase analysis made no contr-bution beyond knowledge 
of the mitotic count in: prediction of the outcome of 
any individual patient. Although measurement of the 
S phase is an elegant test at tie molecular level, mitotic 
count remains the gold standard for the diagnosis of 
leiomyosarcomas of the uterus. The effectiveness of 
mitotic count in classification of smooth muscle tumors 
probably reflects its ability to predict the proliferative 
rate. None of these patients had a response to either 


Mitotic count/10 Alypia - Cells in 
Riis ( yr) high-power fields cae l ta 3 S- Mai (%) Ploidy 
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No evidence of disease 
23 mo 
No evidence of disease 
24 mo 
Recurrence 19 mo 
Alive with disease 
74 mo 
No evidence of seasg 
61 mo 
No evidence of jia 
53 mo , 
Recurrence 3 mo 
Dead of disease 14 mo 
Recurrence 50 mo 
Alive with disease 
77 mo 
Recurrence 2 mo 
Alive with disease 
33 mo 
No evidence of disease 
25 mo 
No evidence of disease 
24 mo 


“Aneuploid 
4.8 Diploid 


4.8 -Diploid 


3.9 ` Aneuploid 
13.8 Aneuploid 
8.9 Diploid 


3.0 + Diploid 
1d Diploid 


4.1 Diploid 


6.7 ` Diploid 


radiation therapy or chemotherapy and the only treat- 
ment modality that appeared to have any impact on 


their survival, once a recurrence was established, was 


surgical excision. 


We thank Ruth Rice- seapiuen Page Kuhn, Daniel 
Hirschstein, and Joyce Shuck of the Laboratory of Pa- 
thology for technical expertise and efforts in perform- 
ing the flow cytometry, and Tove. Thompson and Janet 
O'Sullivan of the Puget Sound Oncology Consortium 


- for data management and statistical analysis. 
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Discussion 

Dr. Pamir J. DrSara, Irvine, California. I under- 
stand that the purpose of the investigation was to study 
the role of flow cytometry in predicting the behavior 
of leiomyosarcomas of the uterus and thereby assisting 
the clinician in prescribing therapy. This is a laudable 
goal, because these lesions behave in a very precarious 
manner in some patients and in an indolent manner in 
others. 

The authors cite a previous study by Tsushima et al.' 
published in 1988 addressing the same subject; how- 
ever, they classified the lesions into diploid versus poly- 
ploid versus aneuploid. Indeed, they found that 59% 
of the leiomyosarcomas were polyploid. Peters et al. 
chose not to use this classification but to divide their 
patients into diploid versus aneuploid. One wonders 
whether their results would have been different had 
they considered looking at the polyploid group sepa- 
rately. Also, the authors defined the criteria for an- 
euploidy as follows: “DNA content was defined as aneu- 
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ploid if two discreet GG, peaks were observed.” I 
would ask the authors why they felt that two distinct 
GoG, peaks were necessary for the classification of an- 
euploidy. They quoted a study by Alvegard et al.,° 
which also included so-called GG, skews and G,G, 
broadening as aneuploids. I would ask the authors 
whether using their criteria resulted in excluding sam- 
ples and whether broadening the criteria for inclusion 
might have affected the results. 

The authors found no significant differences in pre- 
menopausal status between the aneuploid and the dip- 
loid tumors. With 42% containing diploids and 58% 
containing aneuploids, I am curious whether this would 
hold true with a larger sample size. The same can be 
said for their finding that there was no correlation be- 
tween ploidy status and mitotic count (p = 0.79) or 
between ploidy status and percentage of cells in S phase 
(p = 0.47). Interpretation of p values with such small 
sample sizes is difficult at best. 

The conclusions were consistent with those of the 
largest study in the literature, that of Tsushima et al.’ 
We are left with a traditional way of counting mitotic 
figures. However, O’Connor and Norris? have sug- 
gested adding the observation of atypia to this calcu- 
lation of mitotic figures (Table I). They studied 73 
smooth muscle tumors of the uterus with five to nine 
mitotic figures per 10 high-power fields and concluded 
that mitotically active smooth muscle tumors of the 
uterus having five to nine mitoses per 10 high-power 
fields and no cellular atypia have a metastatic rate too 
low to be regarded as sarcomas. Follow-up of their pa- 
tients from 23 months to 15 years (median 7 years) 
gives great importance to their conclusions. Patients 
with atypia or >10 mitotic figures per 10 high-power 
fields had the potential for metastic lesions. Until we 
refine the techniques of flow cytometry or have com- 
parable technology at hand, I believe this classification 
should prevail. 

The major criticism of this article has to do with the 
small sample size. This good work should be considered 
as a basis for a larger study, possibly by a national co- 
operative group, to properly test the basis of their con- 
clusions. 
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Table I. Metastatic potential of smooth muscle tumors of uterus 


Maximum mitotic figures! 10 Metastatic 
high-power fields Atypia ; . Diagnosis potential 





1-4 Any degree Leiomyoma Very low 
5-9 None Leiomyoma with high mitotic activity Very low 
5-9 Grade 1* Smooth muscle tumor of uncertain malignant potential Low 

. 5-9 Grade 2 or 3* Leiomysarcoma : Moderate 
=10 Grade 1* Leiomysarcoma High 
=10 Grade 2 or 3* Leiomysarcoma Very high 


Modified from O’Connor DM, Norris HJ. Mitotically active leiomyomas of the uterus. Hum Pathol 1990;21:223-7. 


*Grade based on a scale of three. 
e 
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Dr. PETERS (Closing). A technical issue to be ad- 
- dressed in a flow cytometry study is how wide a coef- 
ficient of variation to accept. The answer determines 
whether you get narrow, sharp histograms, like the one 
I showed, or ones that are qui-e wide. One of my coau- 
thors, Dr. Donald Howard, a pathologist, insisted on a 
coefficient of variation of 6, which is much smaller than 
many other authors have used. Doing that eliminates 
many wide GG, peaks that would have been classified 
as near aneuploid. The temptation exists to liberalize 
the criteria and include as many subjects as possible. 
Enlarging the group this way may help in statistical 
analysis, but, from the point of view of the molecular 
biologist, the data are tainted. In the case of our data 
we have also analyzed them with coefficients of varia- 
tion of 8, 10, and 12, but the number that would be 
reclassified as aneuploid was fairly small... 

We were surprised to find no polyploid lesions in our 
series; we had expected to see about 10%. Tsushima et 
al.' had a very high proportion of patients with tetra- 
ploid tumors. Although we expected to see a few in 
our series, we certainly did not expect to see 50%. 

Menopausal status has been a significant prognostic 
variable in many previous series, and in our series, 
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when we looked at it as a single variable, it did appear 
to bea prognostic variable. However, in the Cox model, 
which allows us to sort out the independent variables 
by multivariate regression, there was no suggestion that 
menopausal status was important. 

Dr. DiSaia, I agree that atypia is an important di- 
agnostic. criterion in the classification system of Hen- 


-drickson and Kempson.: ? I also totally agree that some 


form of effective chemotherapy for these patients is 
needed because the end results have been so poor. We 
have previously presented our results of adjuvant che- 
motherapy of mixed mesodermal tumors with a com- 
bination of cisplatin and doxorubicin and it was quite ` 
effective.’ Our experience with this regimen in leio- 
myosarcomas, however, has been dismal. We have not 
seen responses in patients with metastatic disease, nor 
do we appear to have had a prolongation of disease- 
free survival. We need nationwide randomized studies 
of other combinations. 
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glucose tolerance, while estrogens may create a state of hyperinsulinism. Oral contraceptives 
have been shown to increase blood pressure among users (see WARNINGS, section 9). Simi- 
lar effects on risk factors have been associated with an increased risk of heart disease. Oral 
contraceptives must be used with caution in women with cardiovascular disease risk factors. 
b. Thromboembolism 
An increased risk of thromboembolic and thrombotic disease associated with the use of oral 
contracaptives is well established. Case control studies have found the relative risk of users 
„compared to non-users to be 3 for the first episode of superficial venous thrombosis, 4 to 11 
for deep vein thrombosis or pulmonary embolism, and 1.5 to 6 for women with predisposing 
conditions for venous thromboembolic disease. One cohort study has shown the relative risk to 
be somewhat lower, about 3 for new cases (subjects with no past history of venous thrombosis 
or varicose veins) and about 4.5 for new cases requiring hospitalization. The risk of throm- 
boembolic disease due to oral contraceptives is not related to length of use and disappears 
after pill use is stopped. 
A 2- to 6-fold increase in relative risk of post-operative thromboembolic complications has been 
reported with the use of oral contraceptives. If feasible, oral contraceptives shauld be discon- 
tinued at least 4 weeks prior to and for 2 weeks after elective surgery and during and following 
prolonged immobilization. Since the immediate postpartum period also is associated with an 
increased risk of thromboembolism, oral contraceptives should be started no earlier than 4 to 6 
weeks after delivery in women who elect not to breast feed. 
c. Cerebrovascular diseases 
An increase in both the relative and attributable risks of cerebrovascular events (thrombotic 
and hemorrhagic strokes) has been shown in users of oral contraceptives. In general, the risk 
is greatest among older (>35 years), hypertensive women who also smoke. Hypertension was 
found to be a risk factor for both users and non-users for both types of strokes while smoking 
interacted to increase the risk for hemorrhagic strokes. 
In a large study, the relative risk of thrombotic strokes has been shown to range from 3 for nor- 
motensive users to 14 for users with severe hypertension. The relative risk of hemorrhagic 
stroke is reported to be 1.2 for non-smokers who used oral contraceptives, 2.6 for smokers 
who cid not use oral contraceptives, 76 for smokers who used oral contraceptives, 1.8 for nor- 
motensive users and 257 for users with severe hypertension. The attributable risk also is 
greater in women 35 or older and among smokers. 
d. Dese-related risk of vascular disease from oral contraceptives 
A positive association has been observed between the amount of estrogen anc progestogen in 
oral contraceptives and the risk of vascular disease. A decline in serum high density lipopro- 
teins (HDL) has been reported with some progestational agents. A decline in serum high den- 
sity lipoproteins has been associated with an increased incidence of ischemic heart disease. 
Because estrogens increase HDL cholesterol, the net effect of an oral contraceptive depends 
on a balance achieved between doses of estrogen and progestogen and the nature and absolute 
amount of progestogens used in the contraceptives. The amount of both hormones should be 
considered in the choice of an oral contraceptive. 
Minimizing exposure to estrogen and progestogen is in keeping with good principles of 
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therapeutics. For any particular estrogen/progestogen combination, the dosage regimen pre- 
scribed should be one which contains the least amount of estrogen and progestogen that is 
compatible with a low failure rate and the needs of the individual patient. New acceptors of oral 
contraceptive agents should be started on preparations containing the lowest estrogen content 
that produces satisfactory results for the individual. 

e. Persistence of risk of vascular disease 

There are three studies which have shown persistence of risk of vascular disease for ever- 
users of oral contraceptives. In a study in the United States, the risk of developing myocardial 
infarction after discontinuing oral contraceptives persists for at least 9 years for women 40-49 
years who had used oral contraceptives for 5 or more years, but this increased risk was not 
demonstrated in other age groups. In another study in Great Britain, the risk of developing 
cerebrovascular disease persisted for at least 6 years after discontinuation of oral contracep- 
tives, although excess risk was very small. Subarachnoid hemorrhage also has a significantly 
increased relative risk after termination of use of oral contraceptives. However, these studies 
were performed with oral contraceptive formulations containing 0.05 mg or higher of estrogen. 
2. ESTIMATES OF MORTALITY FROM CONTRACEPTIVE USE 

One study gathered data from a variety of sources which have estimated the mortality rates 
associated with different methods of contraception at different ages. These estimates include 
the combined risk of death associated with contraceptive methods plus the risk attributable to 
pregnancy in the event of method failure. Each method of contraception has its specific bene- 
fits and risks. The study concluded that with the exception of oral contraceptive users 35 and 
older who smoke and 40 and older who do not smoke, mortality associated with all methods of 
birth control is low and below that associated with childbirth. The observation of a possible 
increase in risk of mortality with age for oral contraceptive users is based on data gathered in 
the 1970s—but not reported in the US. until 1983. However, current clinical practice involves 
the use of lower estrogen dose formulations combined with careful restriction of oral contra- 
ceptive use to women who do not have the various risk factors listed in this labeling. 
Because of these changes in practice and, also, because of some limited new data which sug- 
gest that the risk of cardiovascular disease with the use of oral contraceptives may now be 
less than previously observed, the Fertility and Maternal Health Drugs Advisory Committee was 
asked to review the topic in 1989. The Committee concluded that although cardiovascular dis- 
ease risks may be increased with oral contraceptive use after age 40 in healthy non-smoking 
women (even with the newer low-dose formulations), there are greater potential health nsks 
associated with pregnancy in older women and with the alternative surgical and medical proce- 
dures which may be necessary if such women do not have access to effective and acceptable 
means of contraception. 

Therefore, the Committee recommended that the benefits of oral contraceptive use by healthy 
non-smoking women over 40 may outweigh the possible risks. Of course, older women, as all 
aas who take oral contraceptives, should take the lowest possible dose formulation that is 
effective. 

3. CARCINOMA OF THE BREAST AND REPRODUCTIVE ORGANS 

Numerous epidemiological studies have been performed on the incidence of breast, endome- 
trial, ovarian and cervical cancer in women using oral contraceptives. The evidence in the liter- 
ature suggests that use of oral contraceptives is not associated with an increase in the risk of 
developing breast cancer, regardless of the age and parity of first use or with most of the mar- 
keted brands and doses. The Cancer and Steroid Hormone study also showed no latent effect 
on the risk of breast cancer for at least a decade following long-term use. A few studies have 
shown a slightly increased relative risk of developing breast cancer, although the methodology 
of these studies, which included differences in examination of users and non-users and differ- 
ences in age at start of use, has been questioned. Some studies have reported an increased 
relative risk of developing breast cancer, particularly at a younger age. This increased relative 
risk appears to be related to duration of use. 

Some studies suggest that oral contraceptive use has been associated with an increase in the 
risk of cervical intraepithelial neoplasia in some populations of women. However, there con- 
tinues to be controversy about the extent to which such findings may be due to differences in 
sexual behavior and other factors. 

In spite of many studies of the relationship between oral contraceptive use and breast or cervi- 
cal cancers, a cause and effect relationship has not been established. 

4. HEPATIC NEOPLASIA 

Benign hepatic adenomas are associated with oral contraceptive use although the incidence of 
benign tumors is rare in the United States. Indirect calculations have estimated the attributable 
risk to be in the range of 33 cases per 100,000 for users, a risk that increases after 4 or more 
years of use. Rupture of rare, benign, hepatic adenomas may cause death through intra- 
abdominal hemorrhage. 

Studies in the United States and Britain have shown an increased risk of developing hepatocel- 
lular carcinoma in long-term (> 8 years) oral contraceptive users. However, these cancers are 
extremely rare in the United States and the attributable risk (the excess incidence) of liver can- 
cers in oral contraceptive users is less than 1 per 1,000,000 users. 

5. OCULAR LESIONS 

There have been clinical case reports of retinal thrombosis associated with the use of oral con- 
traceptives. Oral contraceptives should be discontinued if there is unexplained partial or com- 
plete loss of vision; onset of proptosis or diplopia; papilledema; or retinal vascular lesions. 
Appropriate diagnostic and therapeutic measures should be undertaken immediately. 

6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY 

Extensive epidemiological studies have revealed no increased risk of birth defects in women 
who have used oral contraceptives prior to pregnancy. More recent studies do not suggest a 
teratogenic effect, particularly insofar as cardiac anomalies and limb reduction defects are 
concerned, when taken inadvertently during early pregnancy. 

The administration of oral contraceptives to induce withdrawal bleeding should not be used as 
a test for pregnancy. Oral contraceptives should not be used during pregnancy to treat threat- 
ened or habitual abortion. 

It is recommended that for any patient who has missed 2 consecutive periods, pregnancy 
should be ruled out before continuing oral contraceptive use. If the patient has not adhered to 
the prescribed schedule, the possibility of pregnancy should be considered at the time of the 
first missed period. Oral contraceptive use should be discontinued if pregnancy is confirmed. 
7. GALLBLADDER DISEASE 

Earlier studies have reported an increased lifetime relative risk of gallbladder surgery in users 
of oral contraceptives and estrogens. More recent studies, however, have shown that the rela- 
tive risk of developing gallbladder disease among oral contraceptive users may be minimal. The 
recent findings of minimal risk may be related to the use of oral contraceptive formulations 
containing lower hormonal doses of estrogens and progestogens. 

8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS 

Oral contraceptives have been shown to impair oral glucose tolerance. Oral contraceptives con- 
taining greater than 0.075 mg of estrogen cause glucose intolerance with impaired insulin 
secretion, while lower doses of estrogen may produce less glucose intolerance. Progestogens 
increase insulin secretion and create insulin resistance, this effect varying with different pro- 
gestational agents. However, in the non-diabetic woman, oral contraceptives appear to have no 
effect on fasting blood glucose. Because of these demonstrated effects, prediabetic and dia- 
betic women should be carefully observed while taking oral contraceptives. 

Some women may develop persistent hypertriglyceridemia while on the pill. As discussed ear- 
lier (see WARNINGS, sections la. and 1d.), changes in serum triglycerides and lipoprotein 
levels have been reported in oral contraceptive users. 

9. ELEVATED BLOOD PRESSURE 

An increase in blood pressure has been reported in women taking oral contraceptives. The inci- 
dence of risk also was reported to increase with continued use and among older women. Data 
from the Royal College of General Practitioners and subsequent randomized trials have shown 
that the incidence of hypertension increases with increasing concentrations of progestogens. 
Women with a history of hypertension or hypertension-related diseases or renal disease should 
be encouraged to use another method of contraception. If women elect to use oral contracep- 
tives, they should be monitored closely and if significant elevation of blood pressure occurs 
oral contraceptives should be discontinued. For most women, elevated blood pressure will 
return to normal after stopping oral contraceptives and there is no difference in the occurrence 
of hypertension among ever- and never-users. 

10. HEADACHE 

The onset or exacerbation of migraine or development of headache with a new pattern which is 
recurrent, persistent or severe requires discontinuation of oral contraceptives and evaluation of 
the cause. 
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11. BLEEDING IRREGULARITIES 
Breakthrough bleeding-and spotting are sometimes encountered in patients on oral contracep 
tives, especially during the first 3 months of use. Non-hormonal causes should be considered 
and adequate diagnostic measures taken to rule out malignancy or pregnancy in the event of 
breakthrough bleeding, as in the case of any abnormal vaginal bleeding. If pathology has been 
excluded, time or a change to another formulation may solve the problem. In the event of amen 
orrhea, pregnancy should be ruled out. 
Some women may encounter post-pill amenorrhea or oligomenorrhea, especially when such 
a condition was pre-existent. 

PRECAUTIONS 


1. PHYSICAL EXAMINATION AND FOLLOW-UP 
A complete medical history and physical examination should be taken prior to the initiation or 
reinstitution of oral contraceptives and at least annually during use of oral contraceptives 
These physical examinations should include special reference to blood pressure, breasts, abdow 
men and pelvic organs, including cervical cytology and relevant laboratory tests. In case of 
undiagnosed, persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic meas 
ures should be conducted to rule out malignancy. Women with a strong family history of breast 
cancer or who have breast nodules should be monitored with particular care. 
2. LIPID DISORDERS 
Women who are being treated for hyperlipidemias should be followed closely if they elect to use 
oral contraceptives. Some progestogens may elevate LDL levels and may render the control of 
hyperlipidemias more difficult. 
3. LIVER FUNCTION 
If jaundice develops in any woman receiving oral contreceptives the medication should be 
discontinued. Steroid hormones may be poorly metabolized in patients with impaired 
liver function. 
4. FLUID RETENTION 
Oral contraceptives may cause some degree of fluid retention. They should be prescribed with 
caution, and only with careful monitoring, in patients with conditions which might be aggra 
vated by fluid retention. 
5. EMOTIONAL DISORDERS 
Women with a history of depression should be carefully observed and the drug discontinued if 
depression recurs to a serious degree. 
6. CONTACT LENSES 
Contact lens wearers who develop visual changes or changes in lens tolerance should be» 
assessed by an ophthalmologist. 
7. DRUG INTERACTIONS 
Reduced efficacy and increased incidence of breakthrough bleeding and menstrual irregulari 
ties have been associated with concomitant use of rifampin. A similar association though less 
marked, has been suggested with barbiturates, phenylbutazone, phenytoin sodium, and possi 
bly with griseofulvin, ampicillin and tetracyclines. 
8. INTERACTIONS WITH LABORATORY TESTS 
Certain endocrine and liver function tests and blood components may be affected by oral 
contraceptives: 
a. Increased prothrombin and factors VII, Vill, IX, and X; decreased antithrombin 3; increased 
norepinephrine-induced platelet aggregability. 
b. Increased thyroid binding globulin (TBG) leading to increased circulating total thyroid hor 
mone, as measured by protein-bound iodine (PBI), T4 by column or by radioimmunoassay. Free 
T3 resin uptake is decreased, reflecting the elevated TEG. Free T4 concentration is unaltered. 
C. Other binding proteins may be elevated in serum. 
d. Sex steroid binding globulins are increased and resu't in elevated levels of total circulating 
sex steroids and corticoids; however, free or biologically active leveis remain unchanged 
e. Triglycerides may be increased. 
f. Glucose tolerance may be decreased. 
g. Serum folate levels may be depressed by oral contraceptive therapy. This may be of clinical: 
significance if a woman becomes pregnant shortly after discontinuing oral contraceptives. 
9. CARCINOGENESIS 
See WARNINGS section. 
10. PREGNANCY 
Pregnancy Category X. See CONTRAINDICATIONS and WARNINGS sections. 
11. NURSING MOTHERS 
Small amounts of oral contraceptive steroids have been identified in the milk of nursing moth 
ers and a few adverse effects on the child have been reported, including jaundice and breast 
enlargement. In addition, oral contraceptives given in the postpartum period may interfere with 
lactation by decreasing the quantity and quality of breast milk. If possible, the nursing mother 
should be advised not to use oral contraceptives but te use other forms of contraception until 
she has completely weaned her child. 

INFORMATION FOR THE PATIENT 
See PATIENT LABELING. 

ADVERSE REACTIONS 


An increased risk of the following serious adverse reactions has been associated with the use 
of oral contraceptives (see WARNINGS section): Thrombophlebitis + Arterial thromboembo 
lism * Pulmonary embolism * Myocardial infarction * Cerebral hemorrhage * Cerebral thrombo 
sis * Hypertension * Gallbladder disease * Hepatic adenomas, carcinomas or benign liver 
tumors 
There is evidence of an association between the following conditions and the use of oral contra 
ceptives, although additional confirmatory studies are needed: Mesenteric thrombosis * Reti 
nal thrombosis 
The following adverse reactions have been reported in patients receiving oral contraceptives 
and are believed to be drug-related: Nausea + Vomiting + Gastrointestinal symptoms (such as 
abdominal cramps and bloating) * Breakthrough bleeding * Spotting * Change in menstrual flow 
e Amenorrhea * Temporary infertility after discontinuation of treatment + Edema + Melasma 
which may persist + Breast changes: tenderness, enlargement, secretion + Change in weight 
(increase or decrease) » Change in cervical erosion and secretion * Diminution in lactation 
when given immediately postpartum * Cholestatic jaundice * Migraine * Rash (allergic) « Men 
tal depression + Reduced tolerance to carbohydrates * Vaginal candidiasis + Change in corneal 
curvature (steepening) ¢ Intolerance to contact lenses 
The following adverse reactions have been reported in users of oral contraceptives and the 
association has been neither confirmed nor refuted. Pre-menstrual syndrome * Cataracts « 
Changes in appetite e Cystitis-like syndrome * Headache * Nervousness ¢ Dizziness ¢ Hirsut: 
ism © Loss of scalp hair * Erythema multiforme « Erythema nodosum * Hemorrhagic eruption « 
Vaginitis e Porphyria * Impaired renal function e Hemolytic uremic syndrome * Budd-Chiari syn 
drome * Acne * Changes in libido + Colitis 

OVERDOSAGE 
Serious ill effects have not been reported following acute ingestion of large doses of oral con 
traceptives by young children. Overdosage may cause nausea, and withdrawal bleeding may 


occur in females. 

NON-CONTRACEPTIVE HEALTH BENEFITS 
The following non-contraceptive health benefits related to the use of oral contraceptives are 
supported by epidemiological studies which largely utilized oral contraceptive formulations 
containing estrogen doses exceeding 0.035 mg of ethinyl estradiol or 0.05 mg of mestranol. 
Effects on menses: e Increased menstrual cycle regularity + Decreased blood loss and 
decreased incidence of iron deficiency anemia + Decreased incidence of dysmenorrhea 
Effects related to inhibition of ovulation: + Decreased incidence of functional ovarian cysts » 
Decreased incidence of ectopic pregnancies 
Effects from long-term use: Ħ Decreased incidence of fibroadenomas and fibrocystic disease 
of the breast + Decreased incidence of acute pelvic inflammatory disease + Decreased inci 
dence of endometrial cancer + Decreased incidence of ovarian cancer 
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The utility of immunocytochemistry in invasive 
adenocarcinoma of the cervix 
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David C. Figge, MD, Benjamin E; Greer, MD, and Joanna M. Cain, MD" 
Seattle, Washington 


OBJECTIVES: The purpose of the study was to evaluate the utility of immunocytochemistry ìn the 
management of cervical adenocarcinoma. Patterns of reactivity to various immunocytochemical markers 
were correlated with clinically known risk factors for recurrence. 

STUDY DESIGN: A retrospective evaluation of 55 patients with invasive cervical adenocarcinoma was 
conducted. Monocional antibodies were generated against various human intermediate filament proteins 
and tested on fixed, paraffin-ernbedded tissue by the avidin-biotin complex immunoperoxidase method. 
Dako V9 antivimentin antibodies and two anticytokeratin antibodies, 358H11 and 348512, were used. 
Polyclonal antibodies to carcinoembryonic antigen and antibodies to epithelial membrane antigen were — 
used. 

RESULTS: Of 55 patients, 50 (91%) had positive epithelial membrane antigen antibodies in tumor cells. 
Tissue from patients with cervical adenocarcinoma demonstrated positivity for 358H11 antibodies in 46 of 
53 patients (87%) and positivity for 348E12 antibodies in 15 of 54 patients (28%). Vimentin antibodies 
were negative in all except one patient. Carcinoembryonic antigen—positive antibodies were detected in 37 
of 55 patients (67%). This study also demonstrated consistent negative expression of vimentin in invasive 
cervical adenocarcinoma. Carcinoembryonic antigen expression rates were 50% and 75% for patients with 


smali tumors (<2 cm) and large tumors (>2 cm), respectively (p < 0.01). Patients with carcinoembryonic 
antigen expression are at increased risk for recurrence and also sustain reduced survival potential. 
CONCLUSIONS: Patients with cervical adenocarcinoma and carcinoembryonic antigen expression are at 
increased risk for recurrence. We speculate that immunocytochemistry may detect lymph node 
micrometastases otherwise unsuspected by conventional microscopy. (AM J OBSTET GYNECOL 


1992;166:1655-62.) 


Key words: Immunocytochemistry, cervical adenocarcinoma 


The diagnosis of invasive adenocarcinoma of the cer- 
vix as a distinct clinical entity poses special problems 
for the epidemiologist, pathologist, surgeon, and ra- 
diotherapist. Several reports have observed an increas- 
ing incidence of adenocarcinoma of the cervix,” par- 
ticularly in the last three decades. Jt is unknown 
whether this is an absolute or relative increased inci- 
dence. The effectiveness of conservative outpatient 
therapy for squamous cell cervical intraepithelial neo- 
plasia may have resulted in increased relative incidence 
of cervical adenocarcinoma as compared with invasive 
squamous cell carcinoma. There is a disproportionately 
higher incidence of adenocarcinoma among patients 
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with development of invasive cervical cancer after un- 
successful outpatient treatment for cervical intraepi- 
thelial neoplasia.* Moreover, cytologic screening for de- 
tection of invasive cervical adenocarcinoma has proved 
less than satisfactory.’ 

Classifications of adenocarcinoma of the cervix have 
been introduced in an attempt to assign risk factors 
related to the histopathologic diagnosis. Several ob- 
servers have concluded that patients with the diagno- 
sis of adenosquamous and poorly differentiated 
adenocarcinoma®’ are probably at higher risk for re- 
currence and hence sustain lower survival rates. His- 
tochemical studies, such as mucin stains, have failed to 
define a marker that can reliably distinguish between 
an endocervical and endometrial primary tumor.® Cur- 
rent interest in immunocytochemistry, however, has 
reawakened interest in this distinction, and it has been 
demonstrated that antibodies to vimentin, intermediate 
filament protein, provide an immunocytochemical tool 
that enables the pathologist to distinguish between ad- 
enocarcinoma of the uterine cervix and adenocarci- 
noma of the endometrium.? Mammalian cells contain 
three classes of cytoplasmic filamentous structures: mi- 
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crohlaments, microtubules, and filaments of interme- 
diate diameter. Intermediate filaments are divided into 
various subclasses on the basis of biochemical analysis 
and immunochemical reactivity.’* © Cytokeratins are 
the intermediate filaments present in epithelial cells; 
mesenchymal cells contain the intermediate filament 
protein vimentin. Desmin, glial fibrillary acidic protein, 
and neurofilaments are other examples of intermeciate 
filament subclasses. Intermediate filament proteins may 
be used as markers to identify specific cell types in 
benign or malignant tumors. Malignant cells, in gen- 
eral, contain the same intermediate filament class as in 
corresponding normal tissue." Monoclonal or poly- 
clonal antibodies generated against the various human 
intermediate filament proteins can be used in depar- 
affinized sections or formalin-fixed tissues. 

The purpose of this report is to determine the utility 
of immunocytochemistry in detecting tissue cell mark- 
ers in 55 patients with cervical adenocarcinoma and to 
correlate the clinical aspects of this disease with the 
various immunocytochemical findings. The following 
immunocytochemical proteins were used: vimentin, cy- 
tokeratin 8 (low-molecular-weight cytokeratin), high- 
molecular-weight cytokeratin, carcinoembryonic anti- 
gen, and epithelial membrane antigen. 


Material and methods 


The files of the Division of Gynecologic Oncology at 
the University of Washington Medical Center were re- 
viewed. During the 10-year period from 1976 through 
1985, 88 patients with the diagnosis of invasive cervical 
adenocarcinoma and its subtypes were identified. Pa- 
tients with the diagnosis of adenocarcinoma in situ were 
not considered in this study. The cases included in the 
study had tissue blocks from radical hysterecto-nies, 
total abdominal hysterectomies, total pelvic exer tera- 
tions, or cervical biopsies. Thirty-three of the 83 pa- 
tients were excluded from the study because of lack of 
suitable histologic material. In 21 instances outside hos- 
pital surgical specimens were not available. In three 
instances no tumor remained after processing, and in 
nine cases the tissue available proved unsuitable for 
immunocytochemical study, because of either inconsis- 
tent immunostaining or poor antigenic preservation of 
the specimen. Fifty-five cases were thus included tn the 
study. 

All surgical specimens had been previously fixed in 
formalin and paraffin embedded in blocks. In 10% of 
the cases a portion of the tissues had also been fixed in 
methacarn. 

Sections measuring 5 wm were deparaffinized in xy- 
lene and rehydrated in a series of graded alcohol in- 
cubations. Serial sections of each case were then incu- 
bated with a panel of monoclonal antibodies consisting 
of 358H11, an anticytokeratin 8 antibody; 34BE12, 
an anticytokeratin monocicnal antibody”; V9, an 
antivimentin monoclonal antibody; E29, an antiepithe- 
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lial membrane antigen monoclonal antibody; and a rab- 
bit polyclonal antibody to carcinoembryonic antigen. 
All antibodies were obtained from, or are available 
from, Dako Corporation (Carpinteria, Calif.). In the 
case of 35BH11 and 34BE12 only, predigestion of the 
tissue sections before antibody incubation was required 
(20 minutes of 0.01% pronase in phosphate-buffered 
saline solution [Calbiochem, La Jolla, Calif.] and 
10 minutes of 0.05% Type II trypsin [Sigma, St. Louis] 
in 0.05 mol/L Tris buffer, pH 7.6, respectively). 
All antibody localization was by a modification of 
the avidin-biotin immunoperoxidase technique, as de- 
scribed, in which nickel chloride is added to the 
chromogen, 3,3’-diaminobenzidine, to yield a black re- 
action product. . 

The hospital records of the 55 patients involved in 
the study were reviewed for age, parity, method of 
contraception, stage, grade, histologic type, symptoms, 
vaginal cytologic results, presence or absence of gross 
lesion, survival, follow-up duration, recurrence, pri- 
mary therapy, grade of tumor, lesion size, depth of 
penetration, nodal metastases, number of metastatic 
nodes, associated cervical intraepithelial neoplasia, and 
adjuvant therapy. To maintain consistency in estimating. 
tumor size, the measurements were obtained from 
pathologic evaluation when possible. In patients re- 
ceiving preoperative irradiation, the measurements 
were estimated from clinical data. The minimum fol- ` 
low-up duration was 60 months. A p < 0.05 was con- 


‘sidered statistically significant. 


Results 


Clinical profile. The mean age of the patients in the 
study was 39.6 years and the median age was 37 years. | 
Forty-one of the 55 patients were treated by radical 
hysterectomy and bilateral lymphadenectomy; these 
patients form a subgroup that yielded more precise 
information regarding depth of invasion and metastatic 
spread. These patients were also slightly younger, with 
a mean age of 36.1 years and a median age of 36 years. 
Parity ranged from nulliparity to para 8, with a mean 
of 2.5 and a median of 2. 

The stage of the cervical cancer was determined ac- 
cording to the International Federation of Gynecology 
and Obstetrics staging system as revised in 1988. None 
of the cases were considered microinvasive. Forty-five 
were stage IB, five stage II, two stage III, and three 
patients had recurrent or persistent disease after initial 
therapy performed elsewhere. :; 

Adenocarcinoma was the histologic diagnosis in 43 
of the patients, adenosquamous in 10, mesonephric 
(wolffian duct) adenocarcinoma in one, and poorly dif- 
ferentiated papillary adenocarcinoma in one. Bleeding 
was the most common symptom and was experienced 
in 36 (65.45%) of cases. Eighteen (32.73%) denied any 
presenting symptom, and one patient complained of 
excessive vaginal discharge. 
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Table I. Immunocytochemical analysis of 
various antibodies | 





Positive Pesitive 
tumor inernal 
staining centrol 






Antibody 


Anticytokeratin 
35BH11 46/53 87 48/53 91 
34BE12 15/54 28 45/62 85 


Antivimentin 01/54 1.8 42/55 76 
Anti-carcinoembryonic-antigen 37/55 67 49/53 92 
Anti-epithelial-membrane-antigen 50/55 91 55/£5 100 


An atypical vaginal cytologic result was present in 38 
instances (69.1%). 

A gross lesion was present in 35 (64.6%) of the pa- 
tients, whereas in 20 instances (36.4%) no detectable 
gross lesion was present. The diameter of the primary 
lesion was >2 cm in 30 patients (54.55%) ard was 
=2 cm in 24 (43.64%). In one patient the size of the 
initial lesion could not be determined. 

An improved outcome was observed in patien:s with 
invasion less than one half of the cervical stroma. The 
majority (24/25), including one patient with positive 
nodes, survived with no evidence of disease. Only one 
patient had recurrent disease. Patients with deep cer- 
vical invasion (greater than the inner half) exper-enced 
poor outcomes; eight of the 16 (50%) died of cancer, 
and lymph node metastases were observed in four of 
16 (25%). 

Thé depth of invasion was more accurately deter- 
mined in the subgroup of 41 patients treated by radical 
hysterectomy. Twenty-five of these 4] cases hac inva- 
sion of less than one half the cervical stroma, wrereas 
the remaining 16 had deeply penetrating tumors. Dis- 
ease had extended beyond the cervix in four instances. 

The histologic type was designated as grade | in 27 
(49%) of the patients, grade 2 in 14 (25.5%), and grade 
3 in 14 (25.5%). Nodal metastases were detected in 10 
patients (18.28%) of the entire group and in five (12%) 
of those treated by radical hysterectomy. 

Squamous cervical intraepithelial neoplasia wes also 
present in association with the primary adenccarci- 
noma in 12 patients. Six of these were associated with 
adenosquamous carcinomas. Two of them had positive 
nodal metastases, and one of these had a recur-ence, 
resulting in death. In contrast, 25 patients had no ev- 
idence of cervical intraepithelial neoplasia. Twc were 
initially diagnosed with adenosquamous carcinoma and 
three had positive lymph node metastases; six ded of 
cancer. | 

The median follow-up of patients was 56 months, 
with a range of up to 120 months. One patient ha: been 
lost to follow-up shortly after a radical hysterectomy 
was performed for stage I disease and one patien: died 
. of a massive pulmonary embolus after surgery. Of the 
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Table II. Age versus 
immunocytochemical markers 





Mean age (yr) 


Positive | Negative 
Carcinoembryonic antigen 39.1 42.1 
' Low-molecular-weight cytokeratin 8 39.2 44.5 
High-molecular-weight cytokeratin 37.7 40.7 
Vimentin 37.0 40.2 
Epithelial membrane antigen 39.4 47.2 


remainder, 16 (30%) are dead of disease and 37 (70%) 
were free of disease at the time of last examination. 
Twenty-two percent of those treated by radical hyster- 
ectomy failed to survive. Recurrent disease proved to 
be a most ominous finding. Of 17 patients in whom 
such a recurrence developed, only one is still alive and 
free of disease after a total pelvic exenteration for a 
central pelvic recurrence. 

Immunocytochemistry. Reactivity of <10% of the 
tumor cells was considered negative. Most of the cases 
designated as positive with the various antibody mark- 
ers showed immunoreactivity in >50% of the tumor 
cells. 

For the anticytokeratin, carcinoembryonic antigen, 
and epithelial membrane antigen studies immunostain- 
ing of the normal squamous and glandular epithelium 
served as an additional internal control. No such reac- 
tivity was present in four cases. An additional four cases 
were nonreactive with antivimentin antibodies in the 
connective tissue and vascular endothelium. Either no 
normal tissues were present on the slides in these cases 
or the tissues present were nonreactive. In one case 
anticytokeratin antibody 358H11 and antivimentin 
were not demonstrated because the slides contained no 
tumor cells, either because of loss of the tumor tissue 
during processing procedures or the actual absence of 
tumor cells. 

Table I is a summary of the results of various anti- 
body studies. There was no significant difference in the 
frequency of positive staining within the control groups 
with anticytokeratin 358H11 and 34BE12. Eighty-seven 
percent of cases were positive with antibodies to 
358H11 but only 28% with antibodies to 34BE12. With 
antivimentin the corresponding tumor cells reacted in 
only one instance. The tissue diagnosis in this single 
case was poorly differentiated papillary variant of cer- 
vical adenocarcinoma without endometrial involve- 
ment. It behaved as a very aggressive neoplasm. Car- 
cinoembryonic antigen was positive in 92% of the con- 
trol slides but in only 67% of the tumor tissue. 

Table II looks at the immunocytochemical results as 
a function of patient age. Although there were no sig- 
nificant differences between the two groups, patients 
with a negative staining reaction were'consistently older 
than those with a positive reaction: This difference was 
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Table III. Immunocytochemical analysis of histologic types of cervical adenocarcinoma 






Histologic diagnosis 





Adenocarcinoma 8 

Adenosquamious 9 
carcinoma 

Mesonephric adeno- 
carcinoma 

Papillary serous car- l 0 0 
cinoma 


TOTAL 48 7 15 
NT, No tumor present on slides. 


*Two with no tumor. 
tOne with no tumor. 


An&-35BHII Ant-34BE12 









Anti-carcinoembryonic- 


Antivimentin antigen 





Negalive 


Table IV. Tumor size and immunocytochemical staining results (V = 54) 


Tumor size S2 em 


2) 2 25 5 


35BH11, low-molecular-weight cytokeratin 


34BE12, high-molecular-weight cytokeratin J 
Carcinoembryonic-antigent 12 
Epithelial-membrane-antigen 22 


*No tumor in two cases. 
TNo tumor in one case. 
tp < 0.01. 


particularly apparent in epithelial membrane ar.tigen 
(47.2 vs 39.4 years). 

Table IH details the distribution of positive stzining 
to immunocytochemical markers with respect to the 
histopathologic diagnosis. The majority of cases were 
diagnosed merely as adenocarcinoma. Ten patien:s had 
adenosquamous carcinomas. One was defined as an ad- 
enocarcinoma of mesonephric origin and another as a 
papillary serous carcinoma. Forty-four of the 55 pa- 
tients (80%) had stage IB lesions. The numbers in clin- 
ical stages beyond IB were too small to permit a statis- 
tical evaluation, but no significant differences in tissue 
reactivity could be seen between the various stages. 

Table IV is a comparison of tumor size and the an- 
tigenic profile of the tumor in 54 patients; tumor size 
was designated as >2 or =2 cm in maximum dimension. 
Although the presence of epi:helial membrane antigen 
and the various cytokeratins >roved to be of no signif- 
icant difference between the two groups, carcinoem- 
bryonic antigen expression was present in only 50% of 
patients with small tumors but in >75% of cases with 
tumors >2 cm. This difference is significant with 
p< 0.01. 

Table V is a comparison of tmmunocytochemical 
markers in patients who survived without evidence of 
disease and those who died o7 disease. One patient was 


Ct 7] 0 42+ 100 30 70 13 30 
7 70 0 10 100 6 60 4 40 
i 0 l 0 i 
J 1 0 l Q 
39 ] 53 37 18 
Tumor size >2 em Total 


z 45* T 
l4 6 24 157 38 
12 24 6 36 18 

2 27 3. 49 5 


lost to follow-up and another died postoperatively. 
Expression of carcinoembryonic antigen was demon- 
strated in 11 of 16 patients who died of disease and in 
26 of 37 who have no evidence of disease. 

The 41 patients treated surgically by radical hyster- 
ectomy and bilateral lymphadenectomy represent a 
large and relatively homogeneous group with many 
similar clinical characteristics. They may be appropri- 
ately divided into two groups; group | consisting of 21 
patients whose tumor measured =2 cm end group 2 
consisting of 20 patients whose tumor diameter was 
>2 cm. In each group the response to the immuno- 
cytochemical markers together with several clinical _ 
pathologic factors is summarized in Table VI. The dif- 
ference in expression of carcinoembryonic antigen be- 
tween the two groups does approach statistical signif- 
icance (p = 0.058). Group 1 clearly demonstrated an 
improved outlook. The majority of these patients 
(18/21) had grade 1 lesions, although five had the 
adenosquamous variant. Although no patient in this 
group had lymph node metastases, two of the 21 did 
have recurrence. The remainder (19/21) clinically have 
no evidence of disease. Among the patients in group 2 
with larger lesions, 45% showed grade 3 histologic type, 
five of the 20 (25%) had lymph node metastases, and 
recurrent disease developed in seven instances (35%). 
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Table V. Status versus immunocytochemical results 


















Low-molecular- 
weight cytokeratin 


(n = 52) (n = 53) 





No evidence of 37 30 
disease 


Dead of 16 15 l 4 12 


disease 


Dead of con- l 0 l ] 0 


comitant 
disease 


Two of the patients with nodal metastases remain free 
of disease, but it is noteworthy that among the nine 
cases of recurrent carcinoma four patients had negative 
lymph nodes. 

Comparable data were observed in patients with a 
depth of invasion greater than or lesser than one half 
the depth of the cervical stroma. Twenty-five of 41 
patients demonstrated depth of invasion of less than 
one half of the cervical stroma with carcinoembryonic 
antigen—positive reactivity in 17 instances (68%). An- 
ticytokeratin 34BE12 stained positively in nine patients. 
In 16 patients the depth of invasion exceeded the inner 
one half of the cervical stroma, and positive carcinoem- 
bryonic antigen was expressed in 10 cases (62.5%). This 
included four patients in whom the tumor extended 
beyond the cervix. All of these cases were positive for 
carcinoembryonic antigen. 

Sixteen patients who used oral contraceptives before 
the diagnosis of adenocarcinoma were compared with 
13 patients who denied any contraceptive practice. The 
patterns of carcinoembryonic antigen immunostaining 
were significantly different between the two groups. 
The tumors showed carcinoembryonic antigen expres- 
sion in 14 of the 16 using oral contraceptives although 
in only seven of the 13 who denied contraceptive use. 
This difference is statistically significant (p = 0.04), al- 
though the explanation is not readily apparent. More- 
over, in the group that used oral contraceptives only 
one of the 16 had nodal metastases and the survival 
rate was 86% (12/14). Among those who did not use 
contraception there were six instances of nodal disease 
and the corresponding survival rate was only 61% 
(8/13). 


Comment 


Several investigators have confimred the value of im- 
munocytochemistry in distinguishing between primary 
adenocarcinoma of the cervix and stage lH adenocar- 
cinoma of the endometrium with cervical extension. 
Vimentin expression by endometrial adenocarcinoma 
but not by cervical adenocarcinoma is now recognized 
as the most reliable marker in resolving this confusion.’ 


High-molecular- 
weight cytokeratin 


5 10 26 2 1 0 36 33 
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Epithelial 
Carcinoembryonic membrane antigen 
antigen (n = 54) Vimentin {n = 53) (n = 54} 


Negative 
4 
I] 5 I 15 15 l 
O ] 0 ] l 0 


Table VI. Summary of clinicopathologic and 
immunocytochemical findings in 41 patients 
treated by radical hysterectomy 


Disease =2 cm | Disease >2 cm 
{n = 21) {n = 20) 


Positive immunocytochemical 
marker 
Low-molecular-weight 

cytokeratin 
High-molecular-weight 
. cytokeratin 
Epithelial membrane 
antigen 
Carcinoembryonic antigen 
Pathologic factor 


19 (90%) 17 (85%) 
9 (43%) 3 (15%) 
20 (95%) 19 (95%) 
11 (52%) 16 (80%) 


Grade 3 2 (9.5%) 9 (45%) 

Adenosquamous carcinoma 5 (24%) 3 (15%) 

Positive nodes 0 5 (25%) 
Clinical factor 

Recurrence 2 (9.5%) 7 (35%) 


19 (90%) 12* (60%) 


No evidence of disease 





#One death after postoperative massive pulmonary em- 
bolus. 


There is, however, very limited information available 
to use on long-term follow-up of patients with cervical 
adenocarcinoma analyzed by contemporary immuno- 
histochemical staining with a panel of markers. 
Wahlstrom et al. have reported on differences in 
the distribution of anti—carcinoembryonic antigen im- 
munostaining between adenocarcinoma of the endo- 
metrium and endocervix. Endometrial adenocarci- 
noma was positive in only 8% of the cases stained, 
whereas endocervical adenocarcinoma was positive in 
80%. Our observation that 69% of patients with cervical 
adenocarcinoma expressed carcinoembryonic antigen 
correlates well with the findings of others.* * The cor- 
relation between tumor size and positivity of carci- 
noembryonic antigen immunostaining is also of inter- 
est. Van Nagell et al. have reported on plasma deter- 
mination values of carcinoembryonic antigen in 
patients with cervical cancer. They concluded that the 
absolute carcinoembryonic antigen level appears re- 
lated to tumor burden as measured by tissue concen- 
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tration and the extent of disease. There was a direct 


correlation with recurrent cancer in >80% of theiz pa- 


tients. However, the analysis of Van Nagell et al. was 


derived predominantly from patients with squamous: 


cell carcinoma. In 25 patients with cervical adenocar- 
cinoma, only nine (36%) proved to have positive results 
for carcinoembryonic antigen. Our findings do suggest 
that patients with carcinoembryonic antigen expression 
are at an increased risk for recurrence and also sustain 
a reduced survival potential. Among such patients se- 
rial carcinoembryonic antigen plasma values might be 
of value in the effort to detect recurrent disease at an 
early stage. It should be emphasized that the level of 
reactivity in immunologic staining reflects the extent of 


cellular proliferation rather than merely the presence 


of malignancy. . 
Several studies have confirmed the significance of 
lymph node metastases as a major risk factor fcr re- 


currence in cervical cancer.'’*° Our report also ob- 


served that six of nine patients with recurrent stage IB 
disease had no evidence of nodal spread as determined 
by conventional microscopic assessment. Immunocy- 
tochemistry has been used to detect micrornetastases in 
bone marrow among patients with breast and 
ovarian” cancers, and immunocytochemical staining in 
the bone marrow has proved predictive of recurrence 
in such patients. Immunocytochemistry has improved 
detection of axillary lymph node micrometastases in 
patients with breast cancer. It would seem reasonable 
to suggest that the same technology might be appro- 
priate in adenocarcinoma of the cervix and that we 
should not restrict our approach to conventional mi- 
croscopy. Among those patients with carcinoembryonic 
antigen—positive tumors, carcinoembryonic antigen 
immunostaining of the lymph nodes might reveal 
otherwise unsuspected nodal spread and serve as a 
foundation for adjunctive therapy in an effort to min- 
imize the incidence of local or regional failure. 

One of the current challenges in gynecologic cncol- 
ogy is to distinguish those patients at high risk for tu- 
mor recurrence and to detect such recurrent disease at 
an earlier time. It is quite possible that in the future 
the use of a panel of various tumor markers might allow 
us to distinguish such a group of patients who would 
benefit from additional observation, surveillance, or 
therapy. Serial monitoring of serum in the postoper- 
ative, postirradiation, and postchemotherapy phases of 
patient treatment might prove a significant addition to 
our pattern of surveillance. Certainly, at the present 
time carcinoembryonic antigen would appear to be an 
excellent candidate. ; 

The substantial mortality among patients with re- 
currence of cervical adenocarcinoma emphasizes the 
need for continuing research into the epidemiologic 
characteristics, pathogenesis, presentation, and therapy 
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of this disease. Success in achieving control over cancer . 
must finally depend on our ability to shed light on the 
natural history of malignancy. It is quite possible that 
the use of serial markers, particularly the more recently 
acquired agents, may help us to understand the evo- 
lution of endocervical columnar atypia” or dysplasia or 
to define the biologic behavior of endocervical glan- 
dular tumors of the so-called minimal deviation ade- 
nocarcinoma.*** Immunocytochemistry can offer us an 
additional tool for such investigations and.should be 
exploited in every direction, 
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Discussion 


Dr. GLEN E. HAYDEN, Seattle, Washington. Several 
important clinical points require emphasis. Vigorous 
endocervical curettage is a necessary step in the diag- 
nosis of grade 2 cervical intraepithelial carcinoma be- 
cause adenocarcinoma of the cervix is frequently as- 
sociated with it. Cytologic screening for early diagnosis 
of cervical adenocarcinoma is not highly effective. The 
authors’ data indicate that outcome closely follows the 
depth of invasion; when less than one half of the en- 
docervix is involved, the outcome is favorable. Inter- 
estingly, patients using oral contraceptives had a better 
outcome regardless of the stage. Oral contraceptives 
also reduce the incidence of endometrial carcinoma, 
and in that disease the outcome is improved if the pa- 
tient has been receiving estrogen therapy. 

The most important part of this presentation is the 
lack of expression of vimentin in 54 of 55 lesions of 
the endocervix. The authors’ ability to distinguish be- 
tween endocervical and endometrial carcinoma was 
well demonstrated. The single specimen with the pos- 
itive monoclonal antibody test result for vimentin has 
several possible explanations; endometrial cell contam- 
ination is the more likely and the rare endometrioid 
lesions, either primary or secondary from the ovary, is 
the less likely. 

Anti—carcinoembryonic antigen immunostaining 
also predicts outcome for endocervical lesions, partic- 
ularly the more extensive lesions. The presence of car- 
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cinoembryonic antigen staining strongly suggested a 
poorer prognosis. Immunocytochemistry may be of 


‘value in the future as an additional method for sur- 


veillance and monitoring of therapy. 

Dr. WILLIAM A. PETERS III, Seattle, Washington. It 
is often difficult to distinguish a stage I adenocarcinoma 
of the cervix from a stage II carcinoma of the endo- 
metrium. The technique that we have come to rely on 
in making this distinction is magnetic resonance im- 
aging which has been reliable although quite expensive. 
The vimentin antibody test is a more direct way of 
getting the information and may eliminate the need for 
magnetic resonance imaging in many patients. 

We are seeing increased numbers of patients with 
adenocarcinoma in situ, and the distinction from early 
invasive adenocarcinoma of the cervix is frequently 
very difficult to make. Dr. Tamimi, have you looked at 
specimens from patients with adenocarcinoma in situ 
and from patients with early stromal invasion? If so, 
have you found immunocytochemistry to be of any ben- 
efit in making the distinction? 

Dr. PHILP J. DrSata, Irvine, California. Carcinoem- 
bryonic antigen, a fetal oncogene, is probably expressed 
by the mechanism of derepression. Did you correlate 
carcinoembryonic antigen with tumor grade? Did you 
see it more commonly in high-grade tumors? Dr. Peters 
has alluded to the possibility of using carcinoembryonic 
antigen as a diagnostic tool to differentiate adenocar- 
cinoma of the endometrium that secondarily involves 
the cervix rather than adenocarcinoma of the cervix 
that involves the endometrium. How quickly can you 
do this test? Is it really available within days so that it 
is useful to the clinician? 

Dr. WILLIAM Lucas, Ashland, Oregon. We at the 
University of California, San Diego, like many other 
oncology groups around the world, started to notice an 
increase in the incidence of adenocarcinoma relative to 
other histologic types of cancer of the cervix in the early 
1980s. When there appears to be a significant shift in 
histologic types, it seems to me that some environmental 
factor is operating. Do you have any ideas about epi- 
demiologic studies that might identify those factors so 
that we would perhaps have a better chance at preven- 
tion? Dr. Hayden referred to the possible protective 
effect of oral contraceptives. I wonder if the conclusion 
might be premature until we make sure that endocrine 
factors are not operative in increasing the incidence of 
adenocarcinoma of the cervix. Although cervical ade- 
nocarcinoma associated with oral contraceptives may 
be a more benign disease, as is estrogen-associated en- 
dometrial adenocarcinoma, we need to be sure that an 
analogous situation does not exist for inducing cervical 
adenocarcinoma. 

Dr. Tamimi (Closing). Dr. Hayden asked whether the 
finding of a positive vimentin stain in the single patient 
was contamination or an error in diagnosis. I do not 
think that it was an error in diagnosis because we looked 
at this case carefully in terms of the histologic type and 
clinical course. It was a poorly differentiated adeno- 
carcinoma of the cervix limited to the cervix and was 
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not an endometrial cancer. Thus this was a positive 
vimentin test in an, adenocarcinoma of the cérvix. 
There have recently been reports of coexpression of 
vimentin in breast cancers.’* These investigators re- 
ported on very anaplastic tumors and considered vi- 
mentin to be.a prognostic marker. We think that pos- 


itive vimentin coexpression indicates an anaplastic tu- - 


mor with a very aggressive clinical course. We happen 
to have seen only one case'so far, but I suspect that as 
we continue to look for it we will find more. 

Dr. Peters, we looked at the immunochemical results 
of invasive adenocarcinoma only, not adenocarcinoma 
in ‘situ. 


‘Dr. DiSaia, you asked why the carcinoembryonic an- | 


tigen level is high in our subjects. This finding does not 
differ from that in other studies. For example, Wahl- 
strom et al.* reported an 80% incidence of positive car- 
.cinoembryonic antigen. You zlso asked about the time 
it takes to obtain results after tne immunocytochernistry 
tests. Within 3 days of the request we obtain results of 
cytokeratin, vimentin, and carcinoembryonic anzigen. 


For patients with malignancy we are now also looking - 


at oncogenes, P53, and growth factors. 
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‘Dr. Lucas, I do not know whether oral contraceptives 
are related to the increased incidence of cervical ade- 
nocarcinoma. Patients who are exposed to oral contra- 
ceptives and have adenocarcinoma of the cervix tend: 
to have had long-term exposure, 5 to 10 years. To an- 
swer this question will require in-depth epidemiologic 


studies. 
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Advanced epithelial ovarian carcinoma: Long- -term: survival 
experience at the community hospital 


Ronald F. Unzelman, MD 


Santa Rosa, California 


OBJECTIVE: The purpose of this study was to determine prognostic factors that could be altered to 


increase survival of patients with advanced ovarian cancer treated at the community hospital. 


STUDY DESIGN: This study is a retrospective analysis of 101 patients with stage Ill and IV epithelial 
ovarian carcinoma who underwent primary surgery at two private hospitals from 1970 to 1990. 

RESULTS: Primary laparotomy was done by a general surgeon in 54 cases. The tumors in 23% of stage ` 
IHC cases were debulked to <2 cm residuum. The survival rate decreased as stage or postoperative l 
tumor residual increased. Patients with stage IIIA and. IIIB disease had similar survival rates, significantly 
better than those with stage IIIC disease. Cytoreduction of stages IIIB and IIIC to microscopic disease 
resulted in a survival curve equal to the “natural optimal” stage IHA. Patients with cytoreduction of stage 
HIC disease to =2 cm did not obtain survival rates equal to those with stage IIIB disease with visible tumor 
remaining. Patients with stage IIIC disease achieved a significant increase in survival rate if their tumors 
were cytoreduced to microscopic disease. Platinum-based combination chemotherapy compared with | 
alkylating agents improved survival in patients with stage IHC disease who had >2 cm tumor residual. 

' Seven patients survived >5 years, with three patients currently free of disease. Three prognostic 
categories predict decreasing survival: (1)-stage IIIC if tumor is cytoreduced to no visible residual, stage. 
IHA or stage IIIB; (2) stage IIIC with visible tumor residual; (3) stage IV. i 
CONCLUSION: Survival of community hospital—treated advanced ovarian carcinoma patients can be 
improved by early diagnosis, adjuvant platinum-based combination chemotherapy, and surgical 
cytoreduction to minimal disease. This treatment requires a team approach and education of the mee! 
staff, including nongynecologists. (AM J OssteT GYNECOL 1992;166:1663-72.) 


Key words: Ovarian carcinoma, sania rate, chemotherapy, residual tumor 
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Ovarian cancer is a devastating disease. It was esti- 
mated that in 1991 there would be 20,700 new cases 
of ovarian cancer in the United States. This represents 
29% of all new cases of genital organ cancer in females. 
Most patients present with advariced:stage disease, and 
prognosis is poor. For 1991 12,500 deaths from ovarian 
cancer are estimated; this amounts to 53% of the ex- 
pected deaths from all female genital cancer, placing 
ovarian cancer as the fifth most common cause of can- 
cer death among women in the United States.’ 

Staging categories for primary carcinoma of the 
ovary are based on findings at surgical exploration. In 
1985 the Oncology Committee of thé International 
Federation of Gynecology and Obstetrics (FIGO) 

changed the definition of stage III cancer of the ovary. 
Stage II is now subdivided into categories A, B, or C 
on the basis of the size of the peritoneal implants out- 
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side the pelvis or positive retroperitoneal or inguinal 
lymph nodes (Table 1).* 

It was believed that a retrospective study of ad- 
vanced-stage epithelial ovarian carcinoma in a subur- 
ban northern California city could give useful infor- 
mation concerning patients who are operated on in 
local community hospitals. : Long-term survival and 
prognostic categories could be refined by the new stag- 
ing system and added to the literature,of ovarian cancer 
derived in the United States, mostly from referral uni- 
versity medical centers. It has been suggested that spe- 
cialist cancer units acting as tertiary. referral centers 
may well attract a biased population.’ 


Material and methods 


Cases were chosen from two private hospitals in Santa 
Rosa, ‘California, Santa Rosa Memorial Hospital and 
Warrack Hospital, for the period jan. 1, 1970, to Dec. 
31, 1990 (records for the first 2 years of the study were 
not available from Warrack Hospital). The city of Santa 
Rosa 1s 50 miles north of San Francisco; it had a pop- 
ulation of 50,000 in 1970 (14.8% =65 years of age) and 
112,000 in 1990 (15% =65 years of age). Santa Rosa | 
Memorial Hospital is a 225-bed, not-for-profit, reli- 
gious-sponsored hospital that had’:220,415 inpatients 
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Table I. FIGO definition of stage III and IV carcinoma of the ovary 


Stage III. Tumor involving ona or both ovaries with peritoneal implants outside the pelvis and/or positive retroperitoneal 
or inguinal nodes. Superficial liver metastasis equals stage III. Tumor is limited to the true pelvis, but with histo- 
logically verified malignant extension to small bowel or omentum. 

Stage IIIA. Tumor grossly limited to the true pelvis with negative nodes, but with histologically confirmed microscopic 


seeding of abcominal peritoneal surfaces. 


Stage IIIB. Tumor of one or both ovaries, with histologically confirmed implants of abdominal peritoneal surfaces, 


none >2 cm in diameter. Nodes negative. 


Stage HIC. Abdominal implants >2 cm in diameter and/or positive retroperitoneal or inguinal nodes. 
Stage IV. Growth involving on2 or both ovaries with distant metastasis. If pleural effusion is present there must be positive 
cytologic test results to allot a case to stage IV. Parenchymal liver metastasis equals stage IV. 


Staging is based on findings at clinical examination or surgical exploration. 


(excluding normal newborns) during the study period. 
Warrack Hospital is a 79-bed, acute-care, for-prof:t hos- 
pital that had 59,560 inpatier.ts during the period Jan. 
1, 1972, to Dec. 31, 1990. The hospitals are 1 mile apart 
and have similar surgical anc medical oncology staffs. 
There is no gynecologic oncologist immediately avail- 
able in the area; medical oncologists supervise che- 
motherapy treatment. 

The inpatient discharge diagnosis list was reviewed 
for the study years for the two hospitals. ‘Three-hun- 
dred-forty patients were coded as 1830 International 
Classification of Diseases—Clinical Modification (pri- 
mary malignant neoplasm, ovary). 24 charts could not 
be located; therefore 316 charts were reviewed. The 
criteria for inclusion in the study required the patient 
to have stage III or IV primary epithelial ovarian car- 
cinoma diagnosed by initial laparotomy at either hos- 
pital during the above study period. Two hundred fif- 
teen cases did not meet the cri<eria. One case of primary 
peritoneal carcinoma was excluded. Not included in the 
analysis are 103 patients who had initial surgery else- 
where, 19 patients with presumed diagnosis of ovarian 
cancer but who did not have surgery, 2 patients with 
initial surgery before 1970, and 36 patients who did 
not have invasive primary ep:thelial ovarian adenocar- 
cinoma. Of the 103 other hospital cases, 12 were noted 
to have had primary surgery by referral from Santa 
Rosa to a medical center. The 155 cases of primary 
epithelial ovarian cancer operated on at the study hos- 
pitals were staged by retrospective chart review. Forty- 
seven were stage I and sever: were stage II (note that 
only three of these stage II had omental biopsies). The 
101 cases staged as III and IV comprise the basis for 
this report, representing 65% of the primary ovarian 
epithelial carcinomas. Seventy-seven patients had initial 
surgery at Memorial Hospital and 24 at Warrack. When 
appropriate, cases were discussed with the primary sur- 
geon or primary care physician and available outpatient 
records were reviewed. Residual tumor after primary 
surgery was coded by the diameter of the largest re- 
maining nodule and subdivided into nonvisible (micro- 
scopic), =2 cm, or >2 cm. Estimation of residual <umor 


from the operative note was not possible in one stage 
HIC patient operated on in 1970 who survived 4 
months after receiving postoperative irradiation. Data 
were also gathered on potential independent prognos- 
tic factors as follows: postoperative adjuvant therapy, 
age of patient at primary surgery, parity, speciality of 
primary and assistant surgeons, histologic characteris- 
tics and grade of tumor, ascites, and whether the patient 
had had a prior hysterectomy. Patient performance sta- 
tus as a prognostic variable could not be evaluated be- 
cause the hospital charts did not contain sufficient in- 
formation to retruspectively assign a Karnofsky index. 
Percentages are not given for occurrences related to 
the entire patient population because the number of | 
cases will essentially equal percent if the denominator 
is 101, 

Survival curves were prepared with the Kaplan- 
Meier method.* Survival was defined as months from 
primary surgery to date of death. Tic marks were 
placed on the survival curves to represent the follow- 
up times of patients alive as of Dec. 31, 1990. Deaths 
were checked with local death certificates, and all pa- 
tients who died did so with disease. Results are reported | 
as 5-year and median survival rates. 

The log-rank test was used to compare survival 
curves by obtaining a x’ value. Statistical significance 
was considered at p < 0.05. When categories of a prog- 
nostic variable followed an expected ordering such as 
stage, a test for linear trend of survival was used to 
report the overall significance of that variable. Analysis 
for the x? was done within prognostic strata when ap- 
propriate according to the method of Peto et al.’ 


Results 


The median age at primary surgery was 65 years 6 
months (mean age 64 years 2 months), with a range 
from 33 years 5 months to 88 years 10 months. There 
were 9 patients <45 years of age, 36 >70 years, and 
19 patients >75 years. No significant difference in sur- 
vival curves could be demonstrated for age groupings 
even if divided at 5-year intervals from 45 to 75 years. 
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Fig. 1. Survival by FIGO stage. Chi-square test for trend 
yielded 21.2; p < 0.001. p values for individual curves: HIA 
vs IIIB, not significant; IIIB vs HIC, 0.001; HIC vs IV, 
<0.025. 


according to the latest FIGO staging classification 
yielded 8 stage IIIA, 9 stage IIIB, 74 stage IIIC, and 
10 stage IV cases. Survival according to stage is shown 
in Fig. 1. Five-year/ median survival rates are as follows: 
stage IIIA, 47%/50 months; stage IIIB, 29%/51 
months; stage IIIC, 5%/11 months; stage IV, 0%/3 
months. Fig. 2 shows survival curves for stage III pa- 
tients based on the tumor left in the abdomen after 
primary surgery. Five-year/median survival rates are 
as follows: microscopic (n = 13), 53%/58 months; =2 
cm (n = 21), 11%/34 months; >2 cm (n =56), 0%/9 
months. 

Initial surgical procedures are listed in Table IJ. Only 
43 patients had complete removal of uterus, tubes, and 
ovaries. Bowel surgery included 4 small bowel resec- 
tions, 2 large bowel resections, 3 internal bowel bypass 
procedures, and 2 colostomies. In six cases the aodom- 
inal incision was a low transverse Pfannenstiel. No pa- 
tient had pelvic or periaortic lymph node sampling. 
Primary surgery resulted in the debulking of stage IIIC 
tumors to =2 cm in 23% (17 cases) for the entire series. 
For the years 1970 to 1979 debulking to =2 cm nodules 
was accomplished in 14% for stage IIIC tumors; for 
the years 1980 through 1990 this figure rose to 32%. 
In stage IIIC patients survival for the years 1980 
through 1990 was better than for the period 1970 
through 1979 (Fig. 3). Five-year/median survival rates 
increased from 0%/9 months to 10%/19 months, a sig- 
nificant difference at p < 0.005. The death-rate ratio 
of 0.48 showed that stage IIIC patients were dying at 
half the rate in the later years. 

Six of the 101 patients died postoperatively. Table 
III lists the characteristics of these six patients. None 
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Fig. 2. Survival according to the largest tumor residual after 
primary surgery in patients with stage III disease. X? for trend 
yielded 28.8; p < 0.001. 


had radical surgery; all six appeared to have died from 
the disease or predisposing cardiac factor and not from 
a direct complication of the surgery. 

The specialty of the primary surgeon was listed as 
general surgeon in 54 cases, gynecologist in 46 cases, 
and urologist in I case initially seen with ureteral ob- 
struction. In stages IIIC and IV cases the primary sur- 
geon was a general surgeon in 48 (58%) cases and a 
gynecologist in 34 (40%) cases. In 23 (27%) of the 84 
stage IIIC and IV cases both a gynecologist and general 
surgeon operated. The reverse was found for the ear- 
lier stage IIIA and IIIB cases, in which the primary 
surgeon was a gynecologist 71% of the time and a gen- 
eral surgeon 29% of the time. Both a gynecologist and 
a general surgeon operated together in 5 (29%) of the 
17 cases of stages ILIA and IIB disease. There was no 
significant difference in survival with respect to surgical 
specialty. 

Eighty-nine patients had received postoperative ad- 
juvant therapy. In nine cases it could be determined 
that no adjuvant therapy was given, and in three cases 
it was unknown. Three patients were irradiated and 86 
received chemotherapy. Treatment with chemotherapy 
was divided into 59 patients who received platinum- 
based combination chemotherapy and 27 patients pri- 
marily treated with alkylating agents. Treatment with 
cisplatin (Platinol) was initiated in 1978. Cisplatin dos- 
age was 50 mg/m’; it was used in combination with 
cyclophosphamide (Cytoxan) and doxorubicin (Adria- 
mycin) until November 1987, when doxorubicin was 
deleted. Carboplatin (Paraplatin) has been substituted 
for cisplatin since 1990. The dose of carboplatin is 300 
mg/m; the combination with cyclophosphamide (600 
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Procedure 


_ Pelvic organs Temor 


TAH-BSO or BSO* or USOF and ICO . go cae 
9 


TAH-BSO or BSO* or USO} (no ICO) ` 
Pelvic organs incompletely removed . 
- BSO and: ICO | 
“USO and ICO ; = 
© BSO | 
USO E. 
ICO o 


Biopsy . fe a i $ DnE 


Table II. Procedures performed at primary operation- 
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' TAH-BSO, Total abdominal hysterectomy and bilateral salpingo-cophorectomy; BSO, bilateral nE ina USO, 


unilateral salpingo-oophorectomy; /CO, infracolic omeatectomy. 


*Patients with, prior hysterectomy. l 
_ tPatients with prior hysterectomy and uso. 
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Table IH. Characteristics of the six patients who died during ial hospitalization 





«1974 0 3 Biopsy . + 68: Hypovolemic shock 

1988 9 IMI C Omentectomy . 67 . Congestive heart failure*, 
' 1980 oe 11 HIC Biopsy T 82 Congestive heart failure , 
_ 1984 2 AB: A WIC USO 75 Malnutrition ; 

1973 © Hl 1 IV (liver) . Biopsy . 72 Bowel obstruction 

1978 `> 29° IV (lung). . BSO and ae oh ne Sepsis 


All patients had marked abdominal carcinomatosis. USO, Unilateral salpingo-opphorectomy: BSO, “bilateral salpingo- | 


oophorectomy. ; 


*Patient with severe atherosclerotic cardiovascillar Tee 


$ 


mg/m?) is currently the protocol for initial adjuvant . 


chemotherapy by the medical oncologists. All three of 
these platinum-based combinations were calculatad to- 
gether as platinum chemotherapy because other studies 
have shown the three combinations'to be similar.** Un- 
til 1978 there were varied uses of melphalan (Alkeran), 
cyclophosphamide, and chlcrambucil (Leukeran) as 
primary adjuvant chemotherapy. In the: early years of 


this study six patients also received intraperitoneal tri- 


ethylenethiophosphoramide (THiotepa). Salvage ther- 


apy for progressive disease was varied with ro set | 
protocol. In recent years 10 patients with persistent | 


instillation of cisplatin and etoposide. 


intraabdominal disease have received intraperitoneal 


In all cases treated with chemotherapy, platinum con- | 


tributed to increased survival (Fig: 4, graph A). Five- 
year/median survival of pan ui -based combination 
chemotherapy, (n-= 59) versus‘ alkylating 
(n = 27) were .14.9%/24 months versus 4.3%/10 
months, with a death-rate ratio of 0.58. However, com- 
parison of subgroup survival curves for platinum-based 
chemotherapy. versus alkylat:ng, agents did not show 
statistically significant differeaces in stages IHA, IIB, 
and IV, or IIIC when tumor residual after initizl sur- 


gery was <2 cm. Platinum-based combination chemo-: `, 


egents — 


therapy did increase survival in the stage IIC patients 
who had tumor residual >2 cm (Fig. 4, graph B). The 


‘death-rate ratio of 0.46 illustrates that platinum-based- 


combination chemotherapy (n = 26) prevented or de- 
Jayed about 50% of the deaths that would occur with- 
alkylating agents (n = = 19); median survival was 15, 
months compared as 9 months, but there were no 
long-term survivors. ; 

The histologic characteristics and grade .of the tu- 
mors are listed in Table IV. No difference in prognosis 
could be found in histologic characteristics or tumor 
grade. Combination of the two, as suggested by Dembo 
and Buch? also did not demonstrate any SY 
to survival. i 

~ Sixty- four ‘patients. were recorded to T ascites at 
the primary surgery: Twenty-six patients had no ascites, 
and in 11 cases the presence of ascites was not stated. 
There was no significant difference i in survival whether 
ascites was present or not. f . 

There were 12 nulliparous women in the series. In 
16 cases the:parity was unknown. ‘There was no dif- 
ference in survival between parous and are ala = 
tients. o s ; 

Review of the medical, records revealed that 35. pa- 


‘tients had had oes a without removal of | 
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Fig. 3. Survival according to the years 1970 through 1979 


(n = 36) compared with 1980 through 1990 (n = 38) for pa- 


tients with stage IIC disease. x? = 9.6; p < 0.005. 


both ovaries. No difference in survival was noted for. 


those with or without prior hysterectomy. 

The presenting symptoms that most frequently 
brought the patient to a physician are seen in Table V. 
Symptoms are predominantly abdominal and not spe- 


cifically pelvic in most cases. Five patients sought med-. 


ical advice for abdominal masses they palpated them-, .” 


selves and five others for inguinal masses. Preoperative 
diagnoses for other abdominal conditions included 
bowel obstruction, 6 patients; inguinal hernia, 2; di- 
verticulitis, 2; bowel adenoma, 1; and umbilical, ventral, 
and hiatal hernias, | each. | 

A pelvic mass found at a routine gynecologic ex- 
amination led to surgery in Six patients. Of the six, only. 
one stage IIIC patient with tumor residual >2 cm died 
after 7 months’ survival. The other five patients are still 
alive at 35 months (stage IIIA), 35 and 67 months (stage 


IIIB), and 37 and 89 months (stage IIC). One patient - 


was diagnosed: from a routine Papanicolaou smear that 


t 


showed adenocarcinoma cells. One patient who did not’ 


have a palpable pelvic mass was operated on by urol- 
ogists for ureteral obstruction. 

The characteristics of the seven 5- -year survivors are 
shown in Table VI, which highlights only three long: 
term survivors with no evidence of disease. Six other 
patients are alive with no evidence of disease repre- 
senting stages and residual disease as follows: IHC, >2 
cm (52 months); IIIA, (35 months); IIIB, =2 cm (35 
months); HIB, microscopic disease, (29 months); IIIC, 


=2 cm (13 months); and IIIC, microscopic. disease (9 > 


months). 
A significant relationship between he: size of residual- 
‘tumor and survival rate was demonstrated for patients” 


with stage IHC platinum- -treated disease (Fig. 5). The. 
5-year/median survival rates for residual disease sub- . - 


tumor. 
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Fig. 4. Survival according to adjuvant chemotherapy A. All 
86 patients; x’ = 5.1; p< 0.025 B. Patients with - stage 


IIIC. disease with >2 cm residual disease; x? = 6.3; p = 
0.01. . 


groups were as follows: microscopic disease, 100%/me- 
dian not yet reached (n = 3); =2 cm, 0%/25 months 
(n = 11); >2 cm, 0%/15 months (n = 26). If only tu- 
mor residual <2 cm is compared with the subgroup 
with >2 cm residual, x? is 1.32 yielding p < 0.3 and _ 
>0.2, which is not significant. 

Five patients’ tumors were cytoreduced from stage 


IIIB (n = 2) and ILIC (nm = 3) to no visible tumor re- © 


sidual remaining (microscopic). The tumors of 13 stage 
IIC patients treated with adjuvant chemotherapy were 
cytoreduced to <2 cm residuum. Table VII indicates 
that cytoreduction of stage IIIB and IJIC tumor to no 
visible tumor at the finish of primary surgery: results | 
in long-term survival rates comparable with stage 
IIIA. However, stage IIIC patients-with tumors de-' 
bulked to =2 cmi were not able to obtain survival 
curves as good as stage MIB patients left with visible 
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Table IV. Histologic characteristics and tumor grade 


Histologic characteristics 
Serous I 
Mucinous 
Endometrioid 
Clear cell 
Undifferentiated 
Combination 


TOTAL 


A OT m © © os 
BD MO he pei QO T 


26 


Table V. Presenting symptoms 


i Average 
| Symptom Number duration 
Abdominal : 
Pain 58 242 mo 
Distention 48 2 mo 
Dyspepsia, nau- 15 2 mo 
_$ea, vomiting 
Constipation 10 242 mo 
Diarrhea 6 5 wk 
Pelvic 
Pain” 7 2 mo 
Urinary difficulty 5 7 wk 
Vaginal bleeding 3 242 mo 
Dyspareunia 2 2 mo 
General l À 
Weight loss—gain 18/6 342 mo 
Anorexia 13 5 wk 
Fatigue, weakness . H 4 mo - 


Most patients presented with multiple symptoms. 
*Two of these patients also had upper abdominal pain. 


Prognosis for a patient who survives primary surgery 
and i is treated with appropriate adjuvant chemotherapy 
can be obtained from one of three categories based on 
calculations from this retrospective data. Stage IIIC 
patients with no visible tumor residual and stages IIIA 
and IIIB patients had 4- and ‘5-year survival rates of 
67% and 45%, with a median survival rate of 54 months 
(n = 20); stage IHC patients with visible tumor resid- 
ual, had 4- and 5-year survival rates of 8% and 0%, 
with a median survival rate of 19 months (n = 39); 
stage IV patients had 4- and 5-year survival rates of 
0% and 0%, with a median survival rate of 8 months 
(n = 8). 


Comment 


A retrospective chart review of patients with ad- 
vanced ovarian adenocarcinoma who had primary sur- 
gery in a community hospital was done to delineate 
factors affecting long-term survival. The median age 
of the patients, 65 years 6 months, suggests that this 
community-based population could be different from 
the usually reported university experience. Median 
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0 I i a 
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46 25 101 


ages from comparative studies include 52 years,” 53 
years,” 54 years, and 58 years”? (the study of Heintz 
et al.? recorded 17% of patients >70 years of age; in 
my study 36% were >70 years of age). The new FIGO 
staging classification for stage III disease predicted the 
subdivisions IIIA and IIIB to have significantly better 
prognosis than IIC. The 5-year survival rates for 
stages IITA, B, and C of 47%, 29%, and 5%, respec- 
tively, are compared with one published standard of 
31%, 32%, and 14%, respectively.’ Confirmation of the 
terribly poor survival of stage IV cases in spite of ad- 
juvant therapy is the 0% at 5-year and only 8 months’ 
median survival. It is interesting that patients with stage 
IITA disease did not have a significantly better overall 
survival rate than stage IIIB. Incorrect staging affects 
a study such as this because so many incomplete initial 
staging procedures were done. The magnitude of this 
problem has been reported by others.’ For example, 
in'a Gynecologic Oncology Group study of surgical 
staging, 13 (22%).of 58 patients had the stage of disease 
eleyated at reexploration by a complete surgical-patho- 
logic search.'* Also, not one of the 71 stage I, II, IIIA, 
and’ IIIB charts I reviewed noted retroperitoneal 
lymph node sampling, which if positive places the pa- 
tient’s disease into stage IHC: It has been shown ‘that 
a high percentage of ovarian cancer cases will have 
retroperitoneal pelvic and periaortic lymph nodes in- 
volved with cancer.'® As shown in a series of 173 stage 
[II cases, lymph node involvement was a negative prog- 
nostic factor for survival.® The two reasons that have 
been outlined as the cause for incomplete surgical stag- 
ing seem applicable to our community.” Lack of knowl- 
edge about ovarian cancer metastases applies to the 
cases treated by general surgeons, and lack of surgical 
expertise pertains to gynecologists technically unable 
to perform retroperitoneal lymph node biopsies. 

The importance of primary surgical cytoreduction in 
advanced ovarian cancer seems to be established.”® * 
The findings of my study confirm that cytoreduction 
at primary surgery can be associated with improved 
long-term survival. Figs. 2 and 5 show that the larger 
the tumor residual at primary exploratory laparotomy, 
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Table VI. Characteristics of seven long-term (5 years) survivors 





Months’ 
survival 


Tumor 
stage 


Year of 
surgery 


105 1974 DOD III B 
90 1983 AWD HI A 
89 1975 DOD II A 
89 1983 ANED IHI C 
75 1984 AWD HIC 
68 1985 ANED HI A 
67 1985 ANED HI B 





Histologic 
characteristics—tumor 


grade 









Platinum 
chemotherapy 


Tumor 
residual 







<2 cm ) No Serous-1 
Microscopic Yes Combination-2 
Microscopic Yes Serous-1 
Microscopic Yes Undifferentiated-3 
Microscopic Yes Serous-3 
Microscopic Yes Endometrioid-3 

=2 cm Yes Endometrioid-2 





DOD, Died of disease; AWD, alive with disease; ANED, alive with no evidence of disease. 


Table VII. Survival effect of cytoreduction of stages IIIB and IIC disease (all patients receiving 


adjuvant chemotherapy) 


Tumor stage Tumor residual 
IHA Microscopic 8 
vs 
HIB and TIC Microscopic 5 
IIB =2 cm i 
vs 
IIC =2 cm 13 


NS, Not significant. 


the poorer the prognosis. Further, it was demonstrated 
that cytoreduction of stage IIIB and IIC disease to no 
visible tumor mass (microscopic disease) resulted in 
long-term survival rates comparable with stage IIA 
(Table VID). When stage IIIB and HIC tumors could 
be cytoreduced to microscopic residual, the 5-year sur- 
vival rates improved to 66% from the respective 29% 
and 5%. The three patients with stage IIIC disease who 
had tumors debulked to microscopic residual are still 
alive at 9 months, 75 months, and 89 months. Table 
Vi demonstrates that the 5-year survivors all had either 
earlier stage ILIA or IIIB disease or had tumors that 
were cytoreduced at primary surgery to no visible re- 
sidual tumor. Stage IIC patients whose tumors were 
debulked to =2 cm were not able to obtain survival 
curves as good as stage IIIB patients left with =2 cm 
residuum (Table VII). Also, Fig. 5 reveals that the dif- 
ference in stage IIIC patients between leaving bulky 
>2 cm residual disease or debulking to =2 cm is min- 
imal and not statistically significant for improved long- 
term survival. Similar results have been reported in- 
dicating that tumor reduction to <2 cm may not be 
adequate.’ * My study suggests that it is important to 
achieve as close to no visible tumor as possible at the 
completion of primary surgery to obtain significant 
long-term survival benefits. My study was not designed 
to determine the largest size beyond which benefit is 
lost. Griffiths suggests it should be at least <1.6 cm.” 


Survival rate 


5 year (%) Median (mo.) p Value 
| 47 50 


NS 
66 Not reached 
33 50 
<0.005 
0 25 


In a recent study, after stepwise combination of cate- 
gories for an analysis of 268 patients, the best cutoff 
point for residual tumor size was found to be 1 cm.” 
Gynecologic Oncology Group studies now use the def- 
inition of <1 cm as “optimal” debulking.” Other studies 
have not found a magic cutoff that portends a better 
prognosis, but instead describe decreasing survival in 
gradual gradations of volume of residual disease.” It 
still seems to be unclear whether the ability to optimally 
debulk is more from the expertise of the surgeon oř at 
least equally the effect of tumor biology and aggres- 
siveness.” Potter et al.” found similar survival for pa- 
tients who required bowel resection and radical tech- 
niques to obtain no gross residual disease compared 
with patients who even had gross residual disease re- 
maining. However, Eisenkop et al.” reported at the 
1990 annual meeting of the Society of Gynecological 
Oncologists that patients treated by gynecologic oncol- 
ogists who debulked tumors to <1 cm residual in 76% 
of their cases versus 28% for other surgeons had higher 
survival rates at 3 years. e 
In spite of impressive initial response in many cases,” 
some recent articles have not demonstrated a clear 
long-term survival advantage of platinum-based com- 
bination chemotherapy over alkylating agents as initial 
adjuvant treatment of advanced ovarian cancer.” In my 
series survival was better for patients treated with plat- 
inum compared with alkylators only in the subgroup 
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Fig. 5. Survival according to diameter of largest postop2rative l 
_ residual tumor in patients with stage IIC disease treated with: 


> platinum-based combination chemotherapy. Chi-square test 
for trend yielded 6.2; p ~ 0.01. 


= of ae HIC’ patients with. bulky remaining disease. 


Marsoni et al.” analyzed 852’ stage IH and IV patients 
from four trial regimens. Platinum-based chemother- 
apy improved survival rate when residual tumor was 
>2 cm our not in, the subgroup with <2 cm residual 
tumor size. 

-Even with advanced adjuvant w Ë could a 
- ' ño patient who survived to 5 vears if there were >2 cm 
of residual disease after primary surgery. Other au- 
thors have reported long-term survivors (>60 months) 
who had >2 cm residuum. An analysis’ of 85 stage III 
and IV'patients showed 8 of 20 long-term Survivors 
had >2 cm residual disease after primary , surgery. p3 
Another noted an 8% 5-year survival rate for. the į pa- 
tients ‘who began adjuvant therapy with >2:cm residual 
` disease.” As noted in Table VI,.three patients are alive 
with no evidence of disease efter 5-year survival. One 
study with a 10-year follow-up reported 18% £-year, 
11% 7-year, and 7% 10-year survival with no evidence 


of disease.” Another series with long-term follow-up — 


had 18% of advanced ovarian carcinoma patients dis- 
ease-free from 83 to 118 months after therapy.” Two 
_ other examples of no evidence of disease 5-year, sur- 
vivors include 13%% and 5 (8%) of 62 patients , with 4 
‘having >2 cm disease at the time chemotherapy was 
initiated.” i ; 

There continues’to be variation among studies as to 
the prognostic significance of other factors.?* * s This 
study attempted to analyze prognostic factors by the’ 
stratification technique of the log-rank method. ‘There 
was no significant correlation with survival found. for 
age at primary. surgery, presence of ascites, histology, 
grade, parity, speciality of primary surgeons, or pror 
hysterectomy. 

"The insidious nature of ovarian cancer results 1 in late 


» 4 


ie. i, 2 ' ‘June 1992 
i i | Am J Obstet Gynecol 
. , R ` y 1 


diagnosis. Inability to diagnose this disease early iS 
shown by the 65% of epithelial ovarian carcinomas at 
these two hospitals that were stage ÏI and IV a number 
that presumably would be even higher if the earlier . 
stages I and II had more complete appropriate initial 


‘surgical staging. Moreover, most patients. were initially 


$ 


increased to 32% 


seen with bulky upper abdominal disease; in this study 
stage IIIG represented 74 of the 101 cases. Symptoms 
were noted by the patients for an average of |.to 4 


_months before the patient had exploratory laparatomy. 


Because the presenting symptoms were mostly abdom- - 


inal and not pelvic in nature, 55 of the 101 ‘patients 


were primarily operated on by nongynecologists. In 


‘only 28 cases did `a gynecologist and general surgeon 


combine to complete the surgery. In this community 
over the period of my study only 23% of stage IIIC 
tumors were debulked to =2 cm diameter of residual 
tumor nodules. For the last half of my study the figure 
. Hacker” states that 85% of stage III 
patients’ tumors should be debulked to =1.5 cm. It has 
been shown that primary cytoreductive surgery is 


safe *’ and besides improving survival, does result in 


increased quality of life.** Progress i in survival rate was 


demonstrated for the period 1980 to 1990 compared 
with, 1970 through’ 1979. For stage IIIC patients this. 
improvement most likely 1s caused by the increased 
number of patients whose tumors were cytoreduced 
(32% compared with.14%) and the value of platinum- 
based combination chemotherapy i in suboptimally de- 
bulked tumors. This trend for improvement in survival 
rate Is consistent with national statistics, which show that 
for all stages and histologic characteristics combined in 
white women the 5-year survival rate has increased 


ftom 36% for the period 1974 through 1976 to 39% 


during the years 1981 through 1986.’ 


There is no fully effective method of mass screening 
to detect ovarian cancer in its earlier stages.” It should 


be an achievable goal to diagnose these patients earlier 


and with more. accuracy than is shown in this study. 


The primary care physician needs to consider the di-* 
_ agnosis in spite of the vague symptoms and quickly seek 


surgical consultation. Six patients serendipitiously di- 
agnosed by a routine pelvic examination also suggest 


early diagnosis is beneficial. These asymptomatic pa- 
dents possibly have improved survival, with only one 


‘dying so far; survival in the other five continues at 35 


months to 89 months. If the protean symptoms of ad- 


vanced ovarian cancer can be correctly identified as to 
source, referral to a gynecologic oncologist seems ap- 
propriate. However, if a patient has surgery in a com- 


‘munity such as ours, safe tumor debulking may be ac-. 


complished by combining a gynecologist with a general- 
vascular surgeon who is competent operating in the 
deep vascular ‘area of the pelvic retroperitoneum. This - 
will require educating the medical staff that an ag- 
gressive surgical approach i is indicated if minimal’ re-: . 
sidual disease will be the result. j 7 
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Discussion 

Dr. GLEN. E. HAYDEN, Seattle, Washington. Dr. Un- 
zelman, your retrospective study of ovarian adenocar- 
cinoma in two community hospitals involved a monu- 
mental task (review of 316 charts) that resulted in the 
selection of 101-FIGO stage III and IV‘ cases. 

As do other studies of ovarian carcinoma, your study 
shows that age, parity, the presence of ascites, the re- 
sults of peritoneal cytology, and the tumor grade did 


‘not alter the prognosis. Your finding that 65% of the 


patients were in disease stage III and IV is in accord 
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with most studies, and your findings in regard to ul- 
timate outcome closely match zhe results at major cen- 
ters. The results of 1980 and 1990 show an improved 
prognosis with prolonged life expectancy. This study 
should result in better staging and initial debulking of 
advanced ovarian lesions at your hospital in the future. 
Itis good that you point out the need for node sampling 
in stage III cases. A second factor in the improved 
survival rate was the recent addition of more effective 
chemotherapeutic agents, especially cisplatin and car- 
boplatin. The immediate postoperative mortality rate 
of 5% is relatively high, but may reflect the older age 
of this group (median age 65 years). 

This presentation clearly points out the need for 
early diagnosis. Family history cannot clearly identify 
the high-risk patient unless a first-order relative is in- 
volved, such as a mother or a sister. Yearly pelvic ex- 
amination and pursuit of all adnexal masses are the 
foundation of good management. Additional tools now 
available are CA 125, ultrasonography, and laparos- 
copy. In their recent review of screening for ovarian 
cancer with CA 125 and ultrasonography Creasman 
and Disaia' agreed with the American College of Ob- 
stetrics and Gynecology committee opinion that ~hese 
techniques are not suitable for routine screening. 

The use of oral contraceptives definitely reduces the 
incidence of ovarian cancer bv 50%. I believe that pa- 
tients recognizable as being at high risk for ovarian 
cancer should be placed on oral contraceptives and con- 
tinued on them regardless of aze as long as they remain 
nonsmokers. 
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Dr. MICHAEL SMITH, Seattle, Washington. Two years 
ago I reported our experience with aggressive intestinal 
resection as part of the initial debulking of ovarian 
cancer.' At that time I was asked whether there was a 
survival advantage to such aggressive surgery. I was 
unable to answer the question, but I did feel thet the 
quality of life was improved Ey reducing the need for 
subsequent colostomy or other intestinal surgery. I can 
now report that studies from Duke? and Alabama’® have 
answered that question. Both reported no survival ad- 
vantage. I fully agree with Dr. Unzelman concerning 
the need for complete primary debulking, but rot to 
the extremes formerly recommended. I think that the 
data will also fail to show a survival advantage fcr pa- 
tients who have undergone cavitron ultrasonic aspira- 
tion or argon-beam coagulation of difficult-to-resect 
diaphragmatic or mesenteric disease. Progress in this 
disease will come from advances both tn early detection 
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and in chemotherapy rather than from more aggressive 
surgery. 


REFERENCES 


l. Smith MR, Peters III WA. Intestinal stapling in gynecolog- 
ical practice. Trans Pacific Coast Obstet Gynecol Soc 
1988;56:141-5. 

2. Potter ME, Partridge EE, Hatch KD, Soong S, Austin MJ, 
Shingleton HM. Primary surgical therapy of ovarian can- 
cer: how much and when? Gynecol Oncol 1991;40:195- 
200. 

3. Soper JT, Couchman G, Berchuck A, Clarke-Pearson D. 
The role of partial sigmoid colectomy for debulking epi- 
thelial ovarian carcinoma. Gynecol Oncol 1991;41:239-44. 


Dr. WILLIAM Lucas, Ashland, Oregon. For the two 
and one-half decades before last year I was very in- 
volved with aggressive surgical attacks on ovarian can- 
cer. During the last year I have had time to reflect on 
this surgical approach to ovarian cancer. I draw a dif- 
ferent, and somewhat heretical, conclusion from the 
data Dr. Unzelman presented. It is far from proved 
that an aggressive surgical attack on ovarian cancer is 
always a valid approach to the treatment of this disease. 
It is primarily the intrinsic biologic characteristics of 
the tumor, including whether it is sensitive to chemo- 
therapy, that determine the long-term prognosis. An 
aggressive initial attack is well validated. However, let 
me remind you that there are groups such as the West 
Midland Ovarian Cancer Group in England that have 
good data to show that an aggressive primary chemo- 
therapeutic attack works almost as well, if not just as 
well, as an aggressive primary surgical attack, and that 
second-look surgery does not improve survival.’ I am 
disturbed by aggressive secondary and tertiary surgery 
for ovarian cancer. Almost by definition, the patients 
subjected to secondary or tertiary debulking are those 
who have failed aggressive chemotherapy. Their tu- 
mors are not going to have a good response to surgery 
except in the very short term. In my view we are sub- 
jecting patients to a lot of morbidity, physical and psy- 
chologic, at great cost for questionable benefits. 
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Dr. ENRIQUE C.M. DECAsTRO, Portland, Oregon. Dr. 
Hayden says that ultrasonography is too costly to be 


done on a routine basis; I am concerned because early 


detection of ovarian cancer should be our goal. Pelvic 
ultrasonography allows us to evaluate the pelvic cavity 
with greater certainty than bimanual examination 
alone. 


Brachial plexus palsy: An old problem revisited 


Raymond J. Jennett, MD," Theodore J. Tarby, MD,” and Carol J. Kreinick, MA‘ 


Phoenix, Arizona 


OBJECTIVES: it is an almost universal assumption in obstetric literature that brachial palsy is due to 
extreme lateral traction on the fetal head during the last phase of delivery. in contrast, there have been 
reports in the neurologic literature of probable intrautetine origin of brachial plexus palsy. Data to dispute 


or support the latter view were sought. 


STUDY DESIGN: With this overview in mind, our perinatal data base was searched for all instances of 
shoulder dystocia and independently for all diagnoses of brachial plexus impairment. 

RESULTS: Seventeen instances of brachial plexus im>airment associated with shoulder dystocia were 
found. Twenty-two instances of brachial plexus impairment without mention of shoulder dystocia were 
ascertained. The characteristics of the two groups wer2 remarkably different, especially in birth weight and 


in maternal age and parity. 


CONCLUSIONS: The data are strongly suggestive thet intrauterine maladaptation may play a role in 
brachial plexus impairment. Brachial plexus impairment should not be taken as prima facie evidence of 


birth process injury. (AM J OssteT GYNECOL 1992;166:- 673-7.) 


Key words: Brachial plexus impairment, shoulder dystocia, intrauterine maladaptation, 


medicolegal implications 


Brachial plexus impairment appears to be a frequent 
and increasing reason for the instigation of medicolegal 
action. In a 5-year period in one hospital it was the 
reason for seven of 103 (6.8%) obstetrics-gynecology 
related lawsuits.’ Indeed, some authors? stated that it 
was highly probable that in the future all cases of shoul- 
der dystocia with a suboptimal outcome would be liti- 
gated. It is accepted by these and others that the injury 
always results from extreme lateral traction on the head 
during delivery of the shoulders. Since plaintizf’s at- 
torneys adduce evidence that the risk of shoulder dys- 
tocia is predictable and therefore brachial plexu; dam- 
age is preventable, increasing attention is being given 
to this aspect of the problem. 

On the other hand, little attention has been given to 
the possibility that brachial plexus impairments occur 
without evidence of birth trauma, Just as do other nerve 
impairments such as facial palsy, isolated phrenicnerve 
impairment, and radial nerve palsy.*° Furthermore, 
neurologic literature contains descriptions of brachial 
plexus impairments that were almost certainly of in- 
trauterine onset.®” Major evidence for intrauterine on- 
set was based on electromyography. It takes approxi- 
mately 10 days for muscle to develop electromy- 
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ographic evidence of denervation; therefore such 
findings in the early neonatal period support an intra- 


uterine onset of the impairment. 


These observations led us to analyze our perinatal 
data base for data to either support or argue against 
the proposition that brachial plexus impairment may 
be caused by factors other than force occurring with 
delivery of the fetal shoulders. 


Material and methods 


The perinatal data system for our hospital has been 
previously described.* Data for 57,597 births occurring 
from 1977 through 1990 were analyzed for distribution 
by maternal age and parity, delivery mode, gestational 
age and birth weight, Apgar scores, and need for ad- 
mission to the intensive care nursery. Separate searches 
for all recorded diagnoses of shoulder dystocia and 
brachial plexus impairments were conducted. If other 
peripheral nerve damage had occurred in conjunction 
with brachial plexus impairment, these were ascer- 
tained, but no separate search for other peripheral 
nerve damage or skeletal trauma was carried out. 


Results 


Thirty-nine infants were diagnosed as having in- 
curred brachial plexus impairment. The impairment 
ranged from weakness of an upper extremity in three 
infants to a specific diagnosis of brachial (Erb’s) palsy 
in the other 36. No diagnoses of lower plexus 
(Klumpke’s) palsy were recorded. Seventeen of the bra- 
chial plexus impairments were associated with a re- 
corded diagnosis of shoulder dystocia whereas 22 had 
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©. Table I. Brachial plexus impairment with and 
'. without mention of shoulder dystocia 







Withoui 


specific 
diagnosis 










With specific 
diagnosis 





Maternal characteristic 


Maternal age <20 yr < i17 6 Il22> 32 
Nulliparous ` 5/17 29.4 14/22 64 
Multiparous > 12/17 70.6 8/22 36 


.. Table II. Brachial plexus impairment with and 
without mention of shoulder dystocia - 

















Without 
With specific _ Specific 
. diagnosis diagnosis ` 


Labor or delivery ` 
characteristic 






Delivery mode 


Spontaneous Rae: 7 r 24 9/22 4] 

' Low-forcepsor |. 12/17 71 7/22 32 
vacuum 

Midforceps 1/17 6 3/22 13 

Breech vaginal > O17 0 2/22 "9 

Cesarean section 0/17 0 1/22. 4 
Second stage . ` 9/17 53 7122 32 
>l hr i 


no such association. The contrasting characteristics of 
the two groups were analyzed and are presented in a 
series of tables. In the appropriate tables “with specific 
diagnosis” indicates the group for which this diagnosis 
_ was recorded and “without specific diagnosis” indicates 
that this diagnosis was not recorded for this group. 
The contrasting maternal characteristics are shown 


<: in Table I. Approximately a third of the mothers in the 


‘group with no recorded shoulder dystocia were <20 
years old whereas only one of the 17 with shoulder 
dystocia was in this age group (xê = 4.496, df = 1, 
p < 0.05). The contrast in parity was even sharper. 
Sixty-four percent of the non-shoulder-dystocia group 
were primigravid compared with 29% of the shoulder- 
‘dystocia group (x? = 3.956, df = 1, p < 0.05). 

‘Labor and delivery variaticns are listed in Table II. 
Spontaneous vaginal’ delivery was more than twice as 
common ‘in the non-shoulder-dystocia group with 
slightly more than half of these infants being delivered 
in that manner. These differences, although clinically 
impressive, were not statistically significant (x? = 1.303, 
df = 1). Vaginal breech delivery accounted for two of 
the brachial palsiés in the non-shoulder-dystocia group. 
One infant at 30 weeks’ gestational age was delivered 
as.a frank breech and weighed 1786 gm. The other, a 
compound breech, -was delivered at 34 weeks and 
weighed 2934 gm. One infant in this group was deliv- 
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Table III. Brachial plexus impairment with 
and without mention ‘of shoulder dystocia 






Without 


specific 
diagnosis 










_ With specific 
-diagnosis 






Infant characteristic 





Gestational age 


<36 wk = aa SEL 6 5/22 23 
>40 wk TIN 4] 3/22 14 
Birth weight l 
1501-2500 gm 0/17 0 3/22 14 
2501-3500 gm 1/17 6 10/22 46 
-3501-4000 gm.. 4/17- 24 4/22 18 
4001-4500 gm 7117 4il 2/22. 9 
- >4500 gm ' 5/4 . 29 3/22 13 


*Infant of diabetic mother born at 34 weeks and weighing 
4253 gm. 


ered by cesarean section without mention of any deliv- 
ery problem, including delivery of the shoulder. The 
41-week infant weighed 2572 gm. The infant was in a 
transverse lie presentation with the umbilical cord 
around the neck. two times. Although a second stage 
>] hour was only slightly more common in the shoul- 
der- -dystocia group, this was probably made more sig- 
nificant by the fact that only 29% of nulliparous women 
were in this group as compared with 24% in the non- 
shoulder-dystocia group. _ 

Contrasts in infant characteristics are shown in Table - 
III. Five of the 22 infants in the non-shoulder-dystocia 
group were <36 weeks as compared with only one in 
the shoulder-dystocia group (x? = 2.090, df = 1, NS). 
The only preterm infant in the shoulder-dystocia group 
was born to a diabetic mother at 34 weeks and weighed 
4253 gm. The five preterm infants in the non-shoulder- 
dystocia group were born at 30, 31, 33, 34, and 34 
weeks: On the other hand, 41% of the shoulder-dys- 
tocia group were >40 weeks’ gestation as compared 
with only 14% of the non- shoulder-dystocia group 
x? = 3.815, df = 1, 0.10 > p > 0.05). 

Contrasts in birth weight were more impressive 
(Table III and Fig. 1). Thirteen of the 22 infants (60%) 
of the non-shoulder-dystocia group weighed <3500 gm 
as compared with only one in the other group. Twelve 
of 17 (70%) in the shoulder-dystocia group weighed 
>4000 gm as compared with 5 of 22 (44%) is the non- 
shoulder-dystocia group (x? = 13.138, df= 3, p< 
(1.01). It is of interest that the largest baby, who weighed 
5727 gm and was delivered spontaneously, was not re- 
corded as having shoulder dystocia. 

Certain aspects of birth condition are listed in Table 
IV. Sixty-five percent of the shoulder-dystocia group 
had a 1-minute score of <7 compared with 36% of the 
non-shoulder-dystocia. group (x? = 3.083 df =1, 
0.10 > p > 0.05). At 5 minutes 41% of the shoulder- 
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Fig. 1. Weight groupings by percentage of infants with brachial palsy with and without associated 


diagnosis of shoulder dystocia (SD). 


dystocia group had a score of <8 compared with 14% 
of the non-shoulder-dystocia group (x? = 3.815, 
df = 1,0.10 > p > 0.05). These differences are sugges- 
tive but not statistically significant. 

The only associated nerve involvements occurred in 
the non-shoulder-dystocia group. No clavicular frac- 
tures were recorded in either group. However, one 
infant in the non-shoulder-dystocia group who was de- 
livered spontaneously after a 36-minute second stage 
had bilateral femoral fractures, as well as bilateral bra- 
chial plexus palsy. Gestational age was 37 weeks and 
birth weight was 2586 gm. 

_ The question of possible underrecording of shoulder 
dystocia is a legitimate one, and the incidence of shoul- 


der dystocia with associated brachial plexus impairment | : 
by year and by weight groupings was a os and | is 


displayed t in Table V. 


Comment l 

As reflected in the title of this article the focus is on 
brachial plexus impairment and only secondarily on 
shoulder dystocia. The term brachial plexus impairment 


rather than brachial plexus injury was used advisedly, ` 


inasmuch as the latter term carries with it the conno- 
tation that direct physical trauma is always involved. 


-~ In this large group of patients whose infants were | 
delivered over a 13-year period, 22 of 39 (56%) cases 


of brachial plexus impairment were not associated with 
recognition of difficulty with delivery. Indeed, one was 
associated with cesarean section. Gonik et al.° made the 
same observation in a smaller group of patients in which 
71% of infants with shoulder girdle impairment did 


: Table IV. Brachial plexus impairment with 
and without mention of shoulder dystocia 







Without 


specific 
diagnosis 










With specific 
diagnosis 





Condition at birth 


Apgar score l 
<7 at | min 11/17 65 8/22 36 


<8 at 5 min 7/17 4l 3/22 14 
Neonatal intensive care ` 7/17 4] 10/22 45 


unit admission 
Other nerve impairment 


Phrenic nerve 0/17 0 1/22 5 

Facial palsy 0/17 0 1/22 5 

Bilateral brachial 1/17 6 3/22 14 
palsy P 


not ħave shoulder dystocia recognized in the delivery 
process. Those authors attributed this lack of recog- 
nition to more subtle instances of shoulder dystocia 
without clinician recognition of the problem. ` 

We concede that a lack of recognition of shoulder 
delivery problems may be involved in some of the bra- 
chial plexus impairments in this group. However, the 
contrasting characteristics strongly suggest that other 
factors are involved. The differences in maternal age 
and parity are significant. If the impairments were as- 


‘sociated only with subtle, unrecognized shoulder dys- 


tocia, it would be expected that age and parity would 
be similar in the two groups. Actually, maternal age 


. <20 was five times greater in the non- -shoulder-dystocia 


group and nulliparity was more than twice as common. 
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Table V. Shoulder dystocia and associated 
brachial plexus impairment by year 






Brachial 
plexus 
impairment 











Shoulder 


g 

1377. ` 3,071 25 0.8 l 4 
1978 3,193 13 0.4 I 7.7 
1979 3,649 19 0.5 0 9) 
1980 4,028 235 0.6 D 4.3 
1981 4102 22 0.5 3 13.6 
1982 3,577 21 0.6 3 14.3 
` 1983 4,255 28 . 0.7 a 7.1 
1984 4,452 37 0.8 0 3 
1985 4,531 40 0.9 0 9 
1986 4,359 46 1.1 3 ` 5.5 
1987 4,486 32 0.7 0 J. 
1988 4,837 48 l 0 3] 
1989 4,413 62 1.4 } 1.6 
1990 4,644 56 1.2 2 3.6 
TOTAL 57,597 472 0.8 17 3.6 


*Percent of infants with shoulder dystocia and brachial 
plexus impairment. 


It has been postulated that intrauterine pressures as- 
sociated with uterine anomalies could be a factor? Al- 
though the presence of such anomalies could not be 
determined from the available data, uterine maledap- 
tation associated with young maternal age and nulli- 
parity might well be associatec. with a higher incicence 
of intrauterine pressures resulting in nerve impair- 
ment. Spontaneous vaginal delivery was more than 
twice as common in the non-shoulder-dystocia. group, 
suggesting less probability of cifficulty in delivery. Cer- 
tainly, the brachial plexus impairment in a 2572 gm 
infant delivered by cesarean section from a transverse 
lie would have a high probability of intrauterine mal- 
adaptation as a cause. ; 

The increasing incidence of diagnosed shoulder dys- 
tocia during the period of this study without an increase 
in associated brachial plexus impairment deserves com- 
ment. Rather than an underrecording of shoulde= dys- 
tocia, it would speak to an increasing awareness of the 
medicolegal implications of the condition and z ten- 
dency to record even minor degrees of difficulty. This 
in turn would make subtle, unrecognized shoulder 
dystocia a less likely cause of brachial plexus im- 
pairment. , 

Weight distribution is another significant factor. Al- 
most 60% of the infants in the non-shoulder-dystocia 
group weighed <3500 gm with approximately one 
third weighing <3000 gm. The probability of unrec- 
ognized problems in this weight group is low. On the 
other hand, the possibility of a uterine maladap-ation 
problem could exist as well w:th the larger infant. The 
occurrence of brachial plexus impairment in five pre- 
term infants is inconsistent with shoulder dystocia in- 
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asmuch as shoulder circumference is almost always less 
than head circumference. 

The occurrence of more instances of brachial plexus 
impairment without recognizable problems with the de- 
livery of the shoulder than when such a problem is 
perceived renders basically untenable an argument that 
brachial plexus and other related nerve impairments 
are predictable. Nor can brachial plexus impairment 
with diagnosed shoulder dystocia be taken as prima 
facie evidence that the two’ are causally related in all 
such instances. | 

The role of electromyography in identifying possible 
onset of brachial plexus palsy during the antenatal pe- 
riod as suggested by Koenigsberger® was not addressed 
during this study but will be the focus of an anticipated 
subsequent report. 
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Discussion — 


Dr. CARL Goerscn, Berkeley, California. Dr. Jennett 
and colleagues have made a significant contribution to 
the growing evidence that not all untoward outcomes 
of delivery are caused by events during the process of 
labor and delivery. They have shown that such out- 
comes may, in fact, result from conditions that antedate 
delivery or even labor. This article clearlv shows that 
although impaired function of the brachial plexus may 
have been associated with shoulder dystocia (46%), an 
even larger group (54%) had no dystocia. In fact, one 
case was delivered by cesarean section. Dr. Jennett listed 
findings that differentiate the two groups and cited the 
reports from as early as 1956 by pediatricians and neu- 
rologists who pioneered in studies of this problem. 

_In spite of its limits, this report is important because 
it enlarges the literature on the problems of develop- 
ment and function encountered in both the gestational 
and parturitional phases of our arrival on this troubled 
planet. A partial solution to one problem that plagues 
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the obstetrician, the threat of professional liability, is 
expansion of our knowledge of the causes of these dys- 
functions. With this knowledge, the expert witness in- 
creases his competence, the defense attorney is armed, 
and the plaintiff’s attorney is, to the same degree, dis- 
armed. | 

' Dr. Jennett, in his discussion, points out the desir- 
ability of using the term brachial plexus impairnent in- 
stead of the term injury, which offers the opposing at- 
torney the opportunity to argue that the physician 
caused the injury. I add as alternatives dysfunztion or 
the old term palsy. Good defensive record keeping re- 
quires cultivating our sensitivity to the semantic impli- 
cations of the words we use. 

Dr. Jennett promises to continue to study other as- 
pects of brachial plexus palsy, especially the use of elec- 
tromyography as a diagnostic tool. Considering the low 
incidence of brachial plexus palsy, that is a formidable 
task. I congratulate Dr. Jennett and his team for their 
imaginative extraction of the “gold” sequestered in 
their computer data bank in Phoenix. 

Dr. JULIAN T. PARER, San Francisco, California. It 
is my impression that many plaintiff’s lawyers are re- 
luctant to press shoulder dystocia cases because it 1s 
clear that prediction of shoulder dystocia is extremely 
difficult. It is also difficult to show that the pkysician 
delivering the infant did not go through ail the appro- 
priate steps. It is interesting to read depositions by the 
defendant obstetricians because they almost cite chap- 
ter and verse out of Williams’ Obstetrics in describing 
exactly what they did. 

With regard to the method of delivery after shoulder 
dystocia is recognized, I was taught to avoid putting 
heavy traction on the anterior shoulder and, i7 other 
appropriate steps do not work, to deliver the pcsterior 
arm by the strenuous technique of forcing my hand up 
posteriorly to grasp the forearm. Can you tell u- about 
the method of delivery used for the infants who had 
shoulder dystocia? 

Dr. LESTER T. HIBBARD, Carmel, California. Did all 
these infants have a permanent injury or did sore have 
a temporary injury? 

Dr. JAMES D. FEARL, Portland, Oregon. In how many 
of these cases of shoulder dystocia was the impairment 
identified by the obstetrician after delivery? I think that 
today there is a tendency for obstetricians not to care- 
fully evaluate healthy-appearing babies. You wal have 
better rapport with your patient if you yourself identify 
the impairment, rather than being called later by the 
nursery or, even worse, being told by the mothe- when 
you return on postpartum rounds. . 

Dr. PHILIP E. YouNG, San Diego, California I dis- 
agree with Dr. Parer and believe that shoulder dystocia 
malpractice cases will be increasingly common. I have 
appeared as an expert witness for the defense in five 
cases of shoulder dystocia and brachial plexus palsy. 
The defense prevailed in each. In one, the judge threw 
the verdict for the defense, citing from Williams’ Ob- 
stetrics the comment to the effect that care must be taken 
not to apply excess lateral traction because such appli- 
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cation may cause a brachial plexus injury. This state- 
ment was interpreted by the judge to mean that this is 
the way the injury occurs in cases of shoulder dystocia, 
not just @ way. 

Dr. Jennett pointed out that at least half of these 
brachial plexus impairments may not be related to 
shoulder dystocia at all. I would say further that even 
when the impairment is associated with shoulder dys- 
tocia, it may be quite independent of any lateral traction 
applied by the obstetrician. I was once present at a 
delivery in the emergency room. My partner, having 
been called in to see a very large lady with no prenatal 
care who was just about to deliver, called me in because 
he thought he might encounter shoulder dystocia. The 
patient was pushing, but neither of us was prepared to 
do anything that instant because we were still gowning. 
Out came the head and immediately it retracted back. 
Every medical person in the room recognized this as 
an obvious case of shoulder dystocia. Then the woman 
yelled and pushed again. The baby went sailing and 
was just barely caught by my partner. The infant, un- 
touched by human hands until after it was delivered, 
had brachial plexus palsy. I believe that the mechanism 
of injury in this case was the shoulder dystocia itself. 
The baby had a large stubby neck and the mother’s 
obesity made her birth canal effectively much longer. 
For some patients shoulder dystocia and brachial palsy 
are indeed associated, but the association is not that the 
obstetrician placed traction or the head. The associa- 
tion is that the forces of labor and delivery place trac- 
tion on the plexus. 

If the members of this society who write obstetrics 
textbooks would see that this information provided by 
Dr. Jennett is promulgated, it would be a big help to 
practicing obstetricians. | 

Dr. JENNETT (Closing). Dr. Parer, the methods used 
to deal with shoulder dystocia are not recorded in the 
computerized record. An: analysis of that question 
would require a search of each microfiche record, and 
we did not do this because brachial plexus impairment 
was our focus. We did determine whether the delivery 
was done by a resident or by a member of the attending 
staff. Twenty-five percent were done by the residents 
and 75% were done by the attending staff. In our hos- 
pital 25% of the patients are cared for by the residents 
and 75% by the attending staff. This led us to believe 
that in this situation experierice does. not have much to 
do with the outcome. 

Dr. Hibbard, the impairment was temporary. Dr. 
Tarby, our pediatric neurologist who examined most 
of the infants with brachial plexus impairment born 
during the last 7 years, does not recall any who had a 
permanent impairment. 

Dr. Fearl, I think that often the obstetrician did not 
known that the infant had incurred a brachial plexus 
palsy. The obstetrician who delivered one baby who had 
bilateral brachial plexus palsy recently told me that, 
although it was an important subject, he himself had 
never delivered a baby with brachial palsy. 


Modified retropubic cystourethropexy I 


John A. Goodno, Jr., MD, and Thomas W. Powers, MD 


Arcadia, California 


- In 1986 we published a preliminarw report describing a modification for bladder-neck suspension in the 
treatment of urinary stress incontirence. From 1982 through 1989 135 surgical procedures were 
performed. Long-term follow-up of these patients is now presented. Of the 135 patients in this study, 118 
~ were available for follow-up at the time of this report; 108 (91.5%) of the 118 reported no urinary leakage. 
Of the 10 patients who reported continued urinary leakage, only 2 had persistent or recurrent urinary 
stress incontinence; they were reoperated on with favorable results. The other eight patients reporting 
urinary leakage were patients with mixed-cause urgency incontinence. The adjusted success rate for the 
treatment of genuine stress incont nence was S Merere 98%. (AM J OBSTET AINEOL 1992. 1001678:82:] 


Key words: Urinary stress incontinence, urgency incontinence, modified retropubic 


cystourethropexy 


As more women look to tne gynecologist as their 
primary care physician, the gynecologist is confronted 
with an increasing number of women who have urinary 
incontinence. It is anticipated that as women live longer 
into the postmenopausal years the incidence of urinary 
incontinence will increase. Brockelhurst et al.? found 
that 57% of women ages 45 to 64 years in a general 
practice population had stress incontinence. Nerton’ 
pointed out that some patients assume that the problem 
is normal and do not seek medical advice; therefore 
the physician must carefully question pancut about 
their urinary function. 

The literature is replete wizh articles on the subject 
"of urinary stress incontinence, with over 100 proce- 
dures described.* Physicians must choose the appro- 
priate surgery for each individual on the basis of careful 
study of the patient’s pathophysiologic findings. 

Our original publication reviewed the short-term re- 
sults of 26 patients who underwent modified retropubic 
cystourethropexy between December 1982 and April 
1985. 

Our present study is an ongoing analysis of this pro- 
cedure, which was further modified in 1987 by substi- 
tuting cystotomy with suprapubic telescopy. 


Material and methods 


Operative technique. All patients were given a pre- 
operative antibiotic, usually a second-generation ceph- 
alosporin, intravenously just before surgery. At the 
time of surgery the pelvic examination was repeated 
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with the patient under anesthesia, and urethral dila- 
tation was performed if indicated. The patient was 
placed in the “frog-leg” position and the abdomen, va- 
gina, vulva, and inner thigh areas were prepared and 
draped in a sterile manner. A transurethral Foley cath- 
eter was inserted into the bladder and its balloon in- 
flated with 5 to 10 ml of water. A Y connector was 
attached to the catheter so that both bladder drainage 
and filling could be accomplished as required. 

The procedure was usually performed through a 
transverse suprapubic incision. In obese patients or pa- 
tients in whom added exposure was necessary, a May- 
lard muscle-splitting incision was used. Hysterectomy 
or other indicated intraperitoneal procedures were 
performed, and the peritoneum closed before the 
retropubic space was entered. The paraurethral fatty 
tissue was carefully dissected away, and a Babcock 
clamp was placed around the urethra just below the 
ureterovesical junction. With two fingers in the vagina 
as a guide, a No. 1 Novafil suture was placed in the 
vesicovaginal fascia on each side of the bladder neck 
approximately at right angles to the urethra, with a 
helical technique (Fig. 1). | 

Indigo carmine dye was given intravenously, and the 
bladder was retrofilled with 400 ml of water: A size 00 
chromic purse-string suture was placed in the dome of 
the bladder, and a needle-tip cautery was used.to create 
a small cystotomy within the sutured area. The tele- 
scope of the cystoscope (without its sheath) was inserted 
into the bladder through this cystotomy, and the blad- 
der was inspected for inadvertent suture penetration. 
The ureteral orifices were visualized until blue-dyed 
urine was spurting from each side. The telescope was 
withdrawn, and a No. 14 silicone elastomere Foley cath- 
eter placed through the same cystotomy incision; the 
catheter balloon was inflated and the purse-string su- 
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“ture ‘securely tied. around it. The ‘catheter exited the 
abdomen through, a stab incision just inferior. to the. 


Suprapubic i incision in the fight lower quadrant. The. : 


“retropubic space was drained with a No: 10 Jackson- 
_ Pratt suction drain (Heyer-Schulte, Irvine; Calif.) ex-. 
-iting through a stab i incision in the left lower quadrant ` 
‘of the abdominal wall.. 
The swaged needles of the Novafil suspensory su- , 
‘tures were cut, and the two. ends of one suture were 
threaded onto a free Mayo needle; the needle was. 
, passed through the inferior aspect of the muscle and 
. fascia just above the symphysis pubis 1’ to 2 cm lateral 
to the midline. The same procedure was repeated < on 
the opposite side.” | TIE 
l -After closure of thé rectus fascia che two suspensory 
4 sutures were tied to each other across the inferior aspect 
-of the rectus fascia so as to elevate the bladder neck. 


`- The degree of elevation of the bladder neck was de- 


termined with a small urethral dilator or cotton-tip áp- 


plicator placed into the ‘urethra; the urethral axis was ` 


estimated while the suspensory sutures were tied down” 
(Fig. 2). A urethral axis of 10 to 20 degrees below the- 
horizontal was considered optimal for this suspension 
“ procedure. 

Postoperatively, the suprapubic catheter ‘was con- 
` nected to gravity drainage for the. first .24 hours. On 
- the second postoperative day the catheter was plugged, 
and the patient was allowed to:void or to attempt to. 
void. The residual ur ine was measured after each void- 
‘ing. When voiding was adequate (that i is, a urine resid- 
ual. consistently, <100 ml) the, catheter was removed. 
. Patients were usually discharged on the third or fourth 
postoperative day. with or without the suprapubic cath- 
eter. If they were not yet voiding adequately, they were . 
“instructed to call the office when they were able to void 
without significant residuals. . Those patients discharged | 
` with their suprapubic: catheters were given prophylactic | 
antibiotics, such as Bactrim .DS. More recently, In se-; 
lected’ patients in whém only cystourethropexy was per- 
formed the procedure has been done on an outpatient 
+ basis and the patient. has been discharged the same day. 


Evaluation and patient characteristics. The proce- : 
dure was performed on 135 patients between Decem- : 


' ber 1982 and December 1989. The. two authors and an 
associate pérformed all of the surgeries. Patient eval- 
‘uation before surgery was'detailed in our previous pub- 
‘lication.’ We usually used: a simplified urogynecologic 
work-up as described :in, a recent publication of the 
American Uro- -Gynecological Society.” oe 


t 
~ 


- Forty-seven (34.8%) patients had preoperative ur-: 


ethrocystoscopy and cystometry. Two patients had mul- 


tichannel urodynamic assessments. Patients who had - 
urinary, stress incontinence but who exhibited genital ` 
prolapse were operated òn transvaginally; indicated - 


surgery was performed together with a modified Per- 
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' urethral axis with tying down of. suspensory suture. 
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eyra suspension of the vesical' neck. Our article deals 
only with: those patients. who had a transabdominal 


. retropubic procedure. ` 


Forty (29:6%) patients underwent modified retro- 


‘pubic cystourethropexy only; 95 (70. 3%) had additional 


surgery such -as hysterectomy or salpingooophorec-_ 
tomy: Patients ranged i in age from’ 27 to 72 years; AT 


(34.8%) patients were >50 years of age. Postoperative 


follow- “up t time for the patients in this study .was on 
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Table I. Overall results 





135 Surgeries (1982-1989) 
118 Patients available for follow-up 
108 Patients dry (108.118) (91.5%) 


Table IT. Analysis of failures 





10 Patients with persistent inconzinence 
8 Mixed-cause incontinence with persistent urge incon- 
tinence : 
2 Recurrent or persistent stress incontinence 


1 to 8 years. Seventy (51.8%) patients have been mon- 
itored for =4 years since their surgery. 

Results were assessed by physical examination and 
each patient’s subjective report of her urinary status. 
Objective testing, including urodynamic studies, was 
not routinely performed postoperatively in this clinical 
study. 


Results 


All charts were reviewed and patients were contacted 
by telephone in January 1991. Two patients had died, 
and 15 had either moved from the area or were last to 
follow-up. One hundred eighteen patients were avail- 
able for follow-up. One hundred eight (91.5%) patients 
reported that they did not experience any urinary leak- 
age (Table I). Ten patients continued to have urinary 
leakage after surgery (Table II). Eight of these patients 
had persistent urgency inconiinence. All but one of 
these eight patients had preoperative urethrocystos- 
copy and cystometric studies and were diagnosed as 
having mixed-cause incontinence (i.e., anatomic ircon- 
tinence and detrusor instability) preoperatively. 

Of the two patients whose surgeries were classified 
as failures to correct anatomic stress incontinence, one 
patient noted recurrent stress incontinence 2 years 
postoperatively and was reoperated on by us in 1987. 
At her interview in January 1991 she reported that she 
was dry. The ‘other patient who did not experience 
relief in her urinary incontinence had received pelvic 
radiation for adenocarcinomz of the endometrium 2 
years before her retropubic cystourethropexy. In ad- 
dition, she had been classified as having mixed-cause 
incontinence after her preoperative urethrocystoscopy 
and cystometric study. 

Of interest is the fact that 2 years after an unsuc- 
cessful outcome with our procedure, a Raz procedure® 
was performed; the patient >eports considerable im- 
provement, although she is not completely dry. Ex- 
cluding the eight patients with mixed-cause inconti- 
nence whe continued to experience urgency inconti- 
nence, the adjusted success rate in anatomic urinary 
stress incontinence for this procedure was 98.3%. 
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Comment 


The basic principles in our surgical modification are 
(1) the use of a helical, nonabsorbable suture in the 
paraurethral fascia, (2) a suprapubic cystoscopy to rule 
out inadvertant urinary injury, (3) the use of a cotton- 
tip applicator or urethral dilator in the urethra to gauge 
the urethral axis and prevent possible overcorrection, 
and (4) the fixation of the suspensory suture to the 
anterior rectus fascia just above the symphysis pubis. 

The advantage of the helical suture is that it produces 
a thickening and pleating of the paraurethral tissues 
to prevent the suspensory suture from pulling out of 
the tissue; this advantage has been described by Pereyra 


and Lebherz.’ 


With the use of permanent suture the possibility of 
inadvertent bladder. penetration must be considered; 
when performing suprapubic cystoscopy we have ob- 
served on occasion a pass of the Novafil suture in the 
bladder and have simply removed and repositioned the 
suture without any subsequent problem. We have ob- 
served no fistulas or permanent urinary injuries in any 
patients. 

With any type of cystourethropexy to correct ana- 
tomic urinary ‘stress incontinence, the possibility of 
overcorrection of the urethral axis exists. Overcorrec- 
tion may result in obstruction with large postvoid re- 
siduals and inefficient voiding with bladder instability, 
frequency, and urgency.’ By using an object in the ure- 
thra to gauge the urethral axis while tying down the 
suspensory suture, there is less chance of overcorrec- 
tion. We have occasionally seen transient high post- 
operative urinary residuals requiring urethral dilations, 
but no patients have had permanent voiding dysfunc- 
tion or required takedown of the repair. 

The use of the anterior rectus fascia to anchor the 
suspensory suture proved quite effective; in the one 
failure that was reoperated on by us the suspensory 
suture had pulled out of the paraurethral fascia, but 
the suture in the rectus fascia was intact. 

Although the modified retropubic cystourethropexy 
is more time-consuming than the needle-suspension 
procedures,’ results appear to be superior to these pro- 
cedures and appear to be comparable to the Burch 
procedure.” 

The follow-up time in this study (1 to 8 years) is of 
relatively short duration to provide objective criteria 
for judging this procedure’s effectiveness; as is pointed 
out by Benson et al.,’’ a 5- to 10-year follow-up period 
is required to properly evaluate any antiincontinence 
procedure. Further underscoring the need for long- 
term follow-up, Stanton’? reported a 94% cure rate for 
the Burch procedure at 1 postoperative year and 77% 
at 5 postoperative years. 

The failure of this procedure to correct the urgency 
component of incontinence in the 8 patients with 
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mixed-cause incontinence points up the need to care- 
fully review and discuss the possibility that surgery may 
not result in these patients being totally dry postop- 
eratively. | | 

Whether antiuncontinence surgeries should be per- 
formed in patients with mixed-cause incontinence has 
been controversial. Stanton” has suggested that the de- 
gree of rise in detrusor pressure on cystometric eval- 
uation of those patients with detrusor instability may 
be an important predictive observation of potential fail- 
ure. According to Kohorn,” in patients with mixed- 
cause incontinence, the less severe the anatomic defect 
the more likely it is that the associated detrusoz insta- 
bility will subside after bladder-neck suspension sur- 
geries, 

An excellent study by Ramon et al." concluded that 
a good anatomic repair was the most important factor 
in the management of incontinent patients who ex- 
hibit hypermobility of the bladder neck regardless of 
the coexistence of urethral weakness or detrusor insta- 
bility. 

As we continue to use our modification of the retro- 
pubic cystourethropexy we are encouraged by its rel- 
ative simplicity and lack of postoperative voiding prob- 
lems. The 98% clinical cure rate for genuine stress in- 
continence over the 1- to 8-year observation period in 
this series is encouraging, and we feel that this pro- 
cedure belongs in the repertoire of the urogyne- 
cologist. 
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Discussion 

Dr. Davin PENT, Paradise Valley, Arizona. This is a 
welcome follow-up report on a surgical technique that 
Dr. Goodno first reported to this Society 6 years ago. 
At that time his series consisted of 26 patients moni- 
tored for 10 months to 4 years. Now he presents five 
times as many patients with a follow-up period of 1 to 
7 years, with the majority having been operated on =4 
years ago. 

Regarding Dr. Goodno’s reported cure rate, these 
figures are based on information reported by the pa- 
tient in a telephone interview. Because the Interna- 
tional Continence Society definition of incontinence in- 
volves it being a social and hygeinic problem, it seems 
appropriate to consider the patient cured on the basis 
of her statement that her incontinence is no longer a 
problem. However, some patients’ replies might be in- 
fluenced by wanting to please the doctor or by fear of 
having to undergo a repeat surgery, so an objective 
measurement of incontinence, such as a perineal pad— 
weighing test, would seem to be of value and would 
help in comparing these results with those of other 
authors. 

Most of Dr. Goodno’s surgical failures involved pa- 
tients who exhibited mixed incontinence—both gen- 
uine stress incontinence and detrusor instability—on 
preoperative testing. I wonder whether these patients 
were tested postoperatively to confirm that their per- 
sistent incontinence was caused by the detrusor insta- 
bility, because symptoms alone can be very misleading. 
ĮI am a little disturbed over dropping these uncured 
mixed-cause incontinence patients from the calculation 
of the stress incontinence success rate because those 
patients with mixed incontinence who were cured were 
counted. I think it would be better to treat these as two 
separate groups and report a success rate for each. This 
would also help shed some light on the role of surgery 
in the presence of mixed incontinence which, as Dr. 
Goodno notes, is controversial to say the least. In any 
event his success rate of 108 patients in the 118 on 
whom follow-up could be obtained is excellent and is 
comparable to the Burch procedure. 

Dr. Goodno notes that many women with inconti- 
nence do not seek medical advice, and I believe that 
there are two main reasons. First, as he notes in quoting 
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Norton, many women feel thar this is'a normal pert of 


aging. Indeed, this is an essential part of the indivicual’s 
„coping mechanism—§it is easier to cope with a “normal” ` 
"process than to deal with an illness. And the fact that 


June Allyson talks about Depend undergarmen: s on 
televisjon and that supermarket shelves are stccked 
with protection apparel only serves to reinforce the idea 
that incontinence with aging i3 normal. 

Second, many patients are zfraid to discuss their in- 
continence problems because zhey assume surgery will 
be necessary. We need to make women aware that non- 
sungical modalities can help., The use of biofeedback, 
physiotherapy, weighted vaginal.cones, and electric 
stimulation have enhanced the effectiveness of pelvic- 
floor—muscle exercises and have demonstrated a high 
degree of success. In the past many gynecologists have 
been disappointed i in the results of the Kegel exercises, 


- but numerous studies have shown that most pazients ` 


who believed they were doing Kegel-exercises were 
really doing nothing more than contracting abdominal 
and gluteal muscles and not their perineal musculature. 


Dr. ‘Goodno’s cystourethropéxy procedure is rela- - 
tively.simple to perform; his excellent cure rate, along 
with the lack of postoperative voiding problems, rec- 


ommends this technique to any surgeon dealing with 


: urogynecology. As he has noed, long-term follew-up 


is essential, and I look forward to hearing a further 


“update of the results in another 5'to 6 years. 
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"Dr. HOWARD BLANCHETT, Berkeley, California. Do: 
you think that as we approach the 21st century there 


will be a declining: incidence of stress incontinence be- 
ee of declining parity, declining operative vaginal 


deliveries, and increasing einphanis on women’s paye 


‘ical fitness? 


Dr. GOODNO (Closing). Dr. Pent, you saat up the 
important issue of the nonsurgical management of the’ 
incontinent patient, including pubococcygeus muscle 
EXErcises and biofeedback. We heartily agree that some 


: patients may be able to avoid surgical repair by dili- 


gently adhering to exercisé program. Additionally, you: 
correctly observed that ours was a study with a subjec- 
tive endpoint, the patient's statement that she was con- | 
tinent or incontinent, which was not verified by uro- 


‘dynamic studies. I agree that we might have made im- 


portant observations had we reported success rates. 


after, segregating patients with mixed-cause inconti- . 
nence from those with pure anatomic incontinence. ` 
Dr. Blanchette, I do not know whether we can an- . 


ticipate a decline in the incidence of urinary stress in- 


- continence because. today’s women have fewer preg- 


nancies, receive better obstetric care, exercise regularly, 


'. and are generally more concerned with their. health. 


However, because of increased life expectancy, we doc- 
tors will still have many patients with incontinence in 
our care. 
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The physiologic mechanisms of variable decelerations 


Robert H. Ball, MD, and Julian T. Parer, MD PhD 
San Francisco, California ` 


OBJECTIVES: The purpose of this study was to dete- mine the cause and physiologic consequences of 
variable decelerations. 

STUDY DESIGN: Previous studies of heart rate changes in human and experimental animals were 
critically reviewed with respect to the autonomic nervcus system component, the cause of the increased 
vagal activity, and the role of cord compression or otrer stimuli in these heart rate changes. 

RESULTS: There is abundant evidence from experimental and human studies that variable decelerations 
can be reproduced by either cord compression or head compression. The vagal reflex produced is 
probably caused by a combination of chemoreflex (earlier in the deceleration) and baroreflex (later). The 
variable deceleration is accompanied by an acidosis, 2rimarily respiratory, and probably hypoxemia. Cord 
compression results in decreased umbilical blood flow. 

CONCLUSIONS: Recent Doppler velocimetry studies suggest that even though the variable decelerations 
: may be similar in duration and depth, the reduction of umbilical blood flow may be greater when the prime 


_ cause is cord compression than when the prime caus2 is vagal reflex from another source. (AM J OBSTET 


GYNECOL 1992:166: 1683-9. ) 


Key words: Variable decelerations cord occlus.on, head compression, Doppler 


ultrasonography 


Variable decelerations of the fetal heart rate (FHR) 
dre characterized by their abrupt onset and recovery, 
variable ‘shape, and variable relationship to cntrac- 
tions.’ In contrast to late decelerations they are zonsid- 
ered less ominous because their association wih fetal 
acidosis appears to be weaker.*® There is general agree- 
ment that variable decelerations are produced by a va- 
gal response of the fetus. However, the stimulus for 
the vagal activity is less certain. In this report we will 
examine the evidence for the mechanisms of variable 
decelerations and discuss the potential importance of 
different mechanisms in the management of the fetus 
during labor. 


Umbilical cord occlusion 


-Barcroft® in 1947 occluded the umbilical cord of the 
fetal goat, producing a deceleration of a type ncw con- 
sidered as variable deceleration, which was abolished 
by vagotomy. Since then numerous investigators have 
performed studies involving occlusion of the umbilical 
cord or its component vessels in both experimer tal an- 
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imals and humans. The studies have been carried out 
on either anesthetized or chronically prepared animals, 
the occlusion has been partial or complete, and the 
duration of occlusion has varied from several seconds 
up to 1 hour. In a number of the studies fetal blood 
pressures and arterial blood gases have also been mea- 
sured. In addition, the involvement of the autonomic 
nervous system has been examined. 

Heart rate changes during umbilical cord occlusion. 
As with the work of Barcroft, the majority of workers 
have reported an abrupt decrease in heart rate with 
cord occlusion. Studies have been carried out in fetal 
sheep,*® goats,° baboons," and humans.’ * The du- 
ration of occlusion has ranged from 5 seconds to >60 
minutes, and either umbilical arteries alone, umbilical 
veins alone, or the whole of the umbilical cord has been 
occluded. In some cases the occlusion is described as 
partial and in other cases as complete. 

The responses to umbilical arterial occlusion are sim- 
ilar, when reported, to those of umbilical cord occlusion 
of all vessels. The initial response is a decrease in heart 
rate, although some workers under some conditions 
have reported a tendency for fetal heart rate to return 
toward normal values. Thus Towell and Salvador" 
noted that there was a bradycardia for the first 5 min- 
utes of occlusion, but this reverted toward normal in 
the second 5 minutes of occlusion. Ball et al.° noted 
that the initial bradycardia returned toward a normal 
heart rate approximately 10 minutes after severe um- 
bilical arterial occlusion producing an oxygen satura- 
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tion below about 10% in the fetal arterial blood. Good- 
lin and Lowe” noted a deceleration with subsequent 
acceleration with 1 to 2 minutes of occlusion ir. the 
premature human fetus. 

With respect to umbilical vein occlusion alone, most 
workers similarly report an abrupt drop in heart rate. 
However, there are some excedtions, and James er al." 
in the anesthetized (fluothane) fetal baboon noted that 
with partial mild occlusion of the umbilical vein that 
there was a tachycardia, although with complete occlu- 
sion there was a bradycardia. Their occlusion was from 
0.2 to 7.7 minutes and the time course of changes is 


not stated. Künzel et al.> noted that there was only a 


drop in heart rate with umbilical venous occlusion when 
the fetal arterial oxygen saturation was <40%. De Haan 
et al.° noted that there was a delayed drop in heart rate 
with umbilical venous occlusicn. | | 

Fetal arterial blood pressure changes during um- 
bilical cord occlusion. With umbilical arterial or um- 
bilical cord occlusion involving all vessels, there is an 
increase in arterial blood pressure.** 791% De Haan 
et al.* noted that bradycardia occurred within 1 to 2 
beats of cord occlusion, in close association with the 
hypertensive response. 

With umbilical venous occlusion, there tends tc bea 
decrease in fetal arterial blocd pressure.” James et 
aks however, noted a decrease in arterial blood pres- 
sure only with partial, mild ozclusion of the umbilical 
vein and an increase in arterial blood pressure wah 
complete occlusion in anesthetized baboons. 

A number of workers over the years have theorized 
that partial occlusion of the whole umbilical cord will 
initially compress the vein buz not the artery, because 
of the lower blood pressure wizhin the vein. Then more 
complete occlusion is presumed to effect the arterial 
flow as well. While this is a reasonable theory, it has not 
yet been demonstrated with differential flows in the 
artery and the vein during partial and complete 
compression maneuvers. : 

The majority of studies have involved cord occlusion 
for relatively brief periods. Few studies of cord occlu- 
sion have been carried out for prolonged periods of 
up to and more than 1 hour. At moderate degrees of 
occlusion (33% reduction of control umbilical arterial 
flow) Itskovitz et al.” demonstrated tachycardia. With 
increased occlusion (67% reduction of flow) hyperten- 
sion with a decrease in FHR was noted; FHR recovered 
after 15 minutes. In contrast, Ball et al.° occluded the 
cord to produce severe fetal hypoxemia with arterial 
oxygen saturations <10% and with adjustment of the 
dégree of occlusion to prevent catastrophic falls in ar- 
terial blood pressure. In these studies the aim was to 
reduce cerebral oxygen consumption to a point where 
fetal brain damage would occur. Preliminary studies 
suggest that fetal seizure activity, as an index of fetal 
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brain damage, occurs when the initial hypertension 
produced by cord occlusion reverts to control values. 
This is in contrast to fetal hypoxemia produced by uter- 
ine arterial occlusion.’ Under these conditions a fetal 
hypotension of approximately 10 mm Hg below control 
values always occurred when there was subsequent sei- 
zure activity. 

Arterial blood gas changes during umbilical cord 
occlusion. Most workers report hypoxemia, hypercar- 
bia and acidosis with either complete or partial umbil- 
ical cord occlusion, >% © when measurements were 
made. In some cases the degree of blood gas and acid- 
base abnormality has been used as an index of the de- 
gree of occlusion.® ° 

Itskovitz et al. documented the influence of cord 
occlusion on umbilical arterial and venous oxygen con- 
tents; even with reductions of blood flow of 80% by 
cord occlusion there is no reduction in umbilical venous 
oxygen content, whereas umbilical arterial oxygen con- 
tent is reduced by >60%. Similar observations can be 
made in human newborns after a series of severe vari- 
able decelerations or prolonged bradycardias. Presum- 
ably in these latter cases there is reduced umbilical 
blood flow, allowing time for the sluggishly moving 
blood to equilibrate with maternal blood in the pla- 
centa. 

Although data on arterial blood gases during human 
cord occlusion are not available, there are some data 
on fetal scalp blood gases taken during variable decel- 
eration complexes during labor.’® There is a decrease 
in pH by the end of a variable deceleration, but this 
resolves over the next several minutes. The acidosis is 
primarily due to a concomitant elevation of carbon 
dioxide.” | 

The role of the autonomic nervous system in heart 
rate and blood pressure changes during umbilical 
cord occlusion. Since the initial work of Barcroft 
showing that vagotomy altered the initial bradycardia - 


‘produced by cord compression, thus demonstrating the 
_ role of the vagus in producing the bradycardia, a num- 


ber of other workers have confirmed this either by 


-surgical* or pharmacologic vagotomy.® * Investigators 


have also concerned themselves with whether the initial 
bradycardia is caused by chemoreceptor influence (be- 
cause of the hypoxemia) or whether the baroreflex is 
responsible because of the rapid increase in arterial 
blood pressure. Itskovitz et al.” make a good case. for 
the bradycardia during partial cord occlusion being ini- 
tially due to the chemoreflex and later being due to the 
baroreflex, because there was a decrease in fetal oxygen 
content but no specific blood pressure elevation for 
about 30 seconds. 

- In considering the mechanical changes during cord 
occlusion, in compression of the umbilical artery there 
will be an increase in resistance, and this will manifest 
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as an increase in arterial blood pressure. Should there 
be only partial cord occlusion, with compression of the 
umbilical vein but not the artery, then there will be a 
decrease in venous return to the heart. This may result 
in a fetal hypoxemia that could then be responsible for 
„a chemoreceptor-produced bradycardia. As noted 
above, however, it is impossible to know in any partic- 
ular situation of partial cord occlusion what the differ- 
ential arterial and venous umbilical blood flows are be- 
cause this has not yet been measured. 

There has been some work on the role of the sym- 
pathetic nervous system in the cardiovascular changes 
produced by umbilical cord occlusion. De Haan et al.* 
used a-adrenergic blockade during umbilical cord oc- 
clusion and found that there was still an initial increased 
blood pressure but that this decreased subsequently. In 
umbilical cord occlusion in anesthetized baboons, James 
et al.’ noted that with partial mild occlusion there was 
an increase in FHR, which was prevented by sympa- 
thetic blockade with propranolol (a §-adrenergic 
blocker) or phentolamine (an a-adrenergic blocker). 
From the evidence presented one could conclude that 
during the vagally-produced bradycardia there is si- 
multaneous sympathetic chronotropic activity that is 
less and that this is masked by the intensity of the vagal 
bradycardia. 

Amnioinfusion and other clinical evidence of cord 
occlusion. There have been attempts to correlate um- 
bilical cord position at delivery with the presence of 
variable decelerations in labor. In one study popula- 
tion," 28% of fetuses were found at delivery to have a 
cord position that was felt to be susceptible to compres- 
sion. However, there was no convincing evidence that 
the incidence of variable decelerations was greater in 
the group with “abnormal” cord position. The authors 
described a heart rate pattern consisting of accelera- 
tions and variable decelerations, and this finding was 
significantly associated with an abnormal cord position. 
They felt that these changes occurred with mild occlu- 
sion of the cord. 

Gabbe et al.'® documented the association of oligo- 
hydramnios and variable decelerations in a chronic rhe- 
sus monkey preparation and felt this was caused by 
cord compression. When amniotic fluid volume was 
replaced through an indwelling catheter, the variable 
decelerations were virtually abolished. The logical ex- 
tension of this work was to investigate whether replen- 
ishing amniotic fluid in the uterine cavity in humans 
would reduce the incidence of variable decelerations. 
In 1985 Miyazaki and Nevarez” reported on the results 
of a randomized trial of amnioinfusion in patients with 
variable decelerations in labor. With an infusion of 800 
ml of normal saline solution over 40 to 60 minutes, 
variables were abolished in 51% of patients compared 
with 4.2% that resolved spontaneously in the nontreat- 
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ment group. Nageotte et al.” in the same year also 
found amnioinfusion in preterm fetuses to be success- 
ful. They randomized a group of patients with preterm 
premature rupture of membranes to treatment with 
amnioinfusion or control during labor. They docu- 
mented a significantly lower incidence of variable de- 
celerations in the treated group. The premise is that 
amnioinfusion provides renewed cushioning for the 
umbilical cord, protecting it from compression. Its ap- 
parent success provides indirect evidence for the role 
of cord compression in the origin of variable deceler- 
ations. 


The influence of fetal head compression 


It has been known for over 150 years that compres- 
sion of the fetal vertex appears to be associated with 
decelerations in heart rate. It has been speculated that 
compression of the brain leads to “activation of vagal 
centers.”™ In 1933 Rech” elicited fetal bradycardia that 
mimicked variable decelerations of varying severity by 
adjusting the force of the squeeze with his hand on the 
fetal vertex. Chung and Hon” refined this by placing 
hard pessaries in the vagina of women in advanced 
labor. In between contractions pressure was exerted on 
these pessaries, compressing the fetal vertex. This led 
to variable-type decelerations in 18 of 19 attempts. 
They felt this was similar to the pressure exerted by 
the dilating cervix. Further evidence in their minds for 
vagal stimulation by head compression was the consis- 
tent decelerations noted with the locking of forceps and 
Initiation of traction. 

Paul et al.” studied this phenomenon in anesthetized 
fetal sheep. Manual compression of the fetal vertex was 
performed for 20 to 50 seconds. Carotid blood flow 
decreased markedly with the compression, and blood 
pressure increased as profound bradycardia ensued. 
The investigators believed that this apparent vagal re- 
sponse could be either baroreceptor or chemoreceptor 
mediated. Mann et al. used a metal clamp to apply 
pressure to fetal sheep heads. They found no consistent 
changes in heart rate, but cerebral blood flow and 
metabolism decreased as did cerebral oxygen con- 
sumption. 

The fact that variable decelerations cannot be effec- 
tively abolished by amnioinfusion in the second stage 
of labor supports the view that head compression is a 
mechanism for variable decelerations.*' Kelly” specu- 
lated that bradycardia with head compression was an 
appropriate physiologic response. With increased dias- 
tole, according to him, blood flow through the foramen 
ovale and the ductus arteriosus changes so as to shunt 
more oxygenated umbilical venous blood to the brain. 


‘In contrast, Goodlin and Haesslein”’ suggested several 


additional mechanisms for variable decelerations, in- 
cluding fetal Valsalva maneuver and maternal activities 
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such as voiding and seizures. They felt that some of 
the bradycardias may be “adult” reflexes that are in- 
appropriate for the fetus and may result in reduced 
fetal blood flow and oxygenation. 


Cardiac output regulation 


It has commonly been stated that in the fetus the 
cardiac output is closely related to heart rate. In adults 
the beat-to-beat amount of blcod pumped by the heart 
is determined by the amount of blood returning to the 
heart. In accordance with the .Frank-Starling mecha- 
nism, when the cardiac muscle is stretched before con- 
traction by an incréased inflow of blood, it contracts 
with a greater force than before and is able to pump 
out more blood. In other words, the heart pumps all 
the blood that flows into it without excessive damming 
of blood in the veins. This mechanism has been studied 
in unanesthetized fetal lambs and has been shown to 
be less. developed than in adult sheep. The imperfect 
mechanism in the fetal lamb is probably due to the fact 
that the heart muscle is not as well developed as in the 
adult sheep. It is likely that the same is true of a human 
fetus, as it is generally more immature than a fetal lamb 
when born. As a consequence, increases in the filling 
pressure or preload produce minor, if any, changes in 
combined ventricular output, suggesting that the fetal 
heart normally operates near the top of its function 
curve. | : 

The relationship between FHR and cardiac output 
has not been confirmed in human fetuses under phys- 
iologic conditions, because the spontaneous increase in 
heart rate has been found to be associated with a de- 
crease in stroke volume, maintaining the cardiac output 
unchanged. es 

In addition to heart rate and preload, candice output 
depends on afterload and intrinsic contractility. The 
fetal heart appears to be very sensitive to changes in 
the afterload, represented by the fetal blood pressure. 
In this way, increases in afterload dramatically reduce 
the stroke volume or cardiac output. As has already 
been stated, the fetal heart is incompletely developed 
compared with that of adults. Many ultrastructural dif- 
ferences between the fetal and adult heart account for 
a lower intrinsic capacity of the fetal heart to contract. 
Each of these four determinants of cardiac output do 
not work separately, but rather they interact dynami- 
cally to modulate the fetal cardiac curpa during phys- 
iologic conditions.” 

On the basis of clinical observations, it appears that 
the fetus can generally tolerate decelerations or bra- 
dycardias that are not <80 beats/min presumably be- 
cause of the above compensatory interactions. How- 
ever, at severely reduced heart rates, particularly <60 
beats/min, it is likely that fetal cardiac output, and 
hence umbilical blood flow, cannot be maintained. Thus 
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a deceleration of heart rate <60 beats/ min either due 
to cord occlusion or reduced ‘fetal cardiac output, will 


signify insufficiency of umbilical blood flow. 


Evidence from Doppler velocimetry studies 


In recent years, the ratio of systolic-to-diastolic ve- | 
locity profiles in various fetal and maternal vessels has 
been used as an index of vascular:resistance. That is, 
when the systolic/ diastolic ratio increases, increased 
vascular resistance is one of the causes, and this has 
been used to indicate fetal hemodynamic compensa- 
tions. It is now quité clear that a change in. vascular 
resistance is only one of the components giving rise to 
changes in systolic/ diastolic ratios, other features being 
a prolonged cardiac cycle, compliance of the vascular 
system, kinetic reflection of the velocity wave, and pos- 
sibly other factors.*° a 

In fetal sheep the systolic/diastolic ratio has been 


studied during short-term occlusion of both the um- 


bilical vessels and the uterine artery.’ During total um- 
bilical vessel occlusion for 60 seconds there was a brady- 
cardia and an increase in the systolic/ diastolic ratio. 
The heart rate changes mimicked variable decelera- 
tions. The systolic and diastolic velocities both fell, but 
the diastolic velocity fell more than the systolic, leading 
to an increase inthe systolic/ diastolic ratio. The authors 
speculated that the fall in diastolic velocity was an in- 
dication of increased downstream resistance occasidned 
by the umbilical arterial compression and that the fall 
in systolic velocity was evidence of pump-compromise. 
In contrast to this, uterine artery occlusion produced 
fetal hypoxemia, with a decrease in both systolic and 
diastolic velocities giving little change in the sys- 
tolic/diastolic ratio. The FHR change mimicked late 
decelerations. The authors speculated that this change 
was produced not by an increase in resistance to per- 
fusion on the fetal side of the placenta but was consis- 
tent with a decrease in fetal cardiac output and um- 
bilical blood flow. 

Weiss et al.” studied eight women in labor all of 
whose fetuses were: -demonstrating variable decelera- 
tions, They were in the active phase of labor with cer- 
vical dilatation between 2 and 7 cm. The authors de- 
scribe a number of technical difficulties in measuring 
the velocity profiles in these fetuses and freely dis- 
carded invalid data. In six of the eight women there 
was an increase in the systolic/ diastolic ratio with re- 
versed diastolic: flow, indicating that there was no net . 
forward flow. The increase in the systolic/ diastolic ratio 
began before the decrease in FHR. The authors con- 


cluded that this was consistent with the general theory 
‘of mechanical obstruction of the umbilical cord pro- | 


ducing an increase in afterload and resistance, resulting 
in the bradycardia. In the other two of the eight women’ 


‘studied there was an increase in the systolic/diastolic 


$ 
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ratio, but this could be explained « on the basis of a heart 


rate effect. If the systolic/ diastolic’ ratio was corrected - 
for that prolonged cardiac interval due to the brady- i 


cardia, there was no change in the systolic/diastclic ra- 
tio. The authors felt that this latter pair of fetuses had 


a moderate decrease in flow due-to local or systemic, 


hypoxemia of the fetus. The implication is the-efore 
that thesé fetuses did not have variable decelerations 
due to cord compression but rather some other vagal 
activity, possibly due to hypoxemia. 


Comment 


Variable decelerations are vagally mediated. The va- | 


gal response may be due to either chemorecep: or or 
baroreceptor input. Possibly the initial deceleration 
(that is, the first seconds) may be due to chemorec eptor 
activity and the persistence of the deceleration due to 
baroreceptor activity. 

Cord occlusion is a likely-cause of many variable de- 
celerations. We theorize, however, that this is particu; 
larly true of the first stage active phase of labor. Cord 


occlusion, either partial or complete, can cause both’ 


increases in afterload and decreases in fetal arterial 


oxygen content, both of which will result in the vagal. 
activity causing the bradycardia. There may als be a - 
sympathetic discharge, both a- and B-adrenergic, re- - 


sponsible. for the hypertension i in the case of the fsrmer. 
and tendency toward increased heart rate in the case 
of the latter. However, the vagal influence is greater 
and, therefore, the net result of this is a deceleration. 

Head compression is a likely cause of many veriable 
decelerations. We theorize that this is particularly true 


in the second stage of labor, when cord compression is: ` 


unlikely in many cases. Head compression cause; a va- 
gal discharge due to dural stimulation. This vagal diś- 
charge causes a bradycardia. If this is sufficiently severe 


the bradycardia may result in decreased fetal cardiac’ 


output and umbilical blood flow due to the relatively 
poorly developed Frank-Starling mechanism at low 
heart rates in the fetus. 

In the case of mild to moderate variables (that is, with 
the FHR not <60 beats/min), the significance of these 
purely vagal decelerations may well be less than that'of 
the cord occlusion variable decelerations. As yet there 
is no information regarding fetal acid-base clanges 


with the two types of variable decelerations. Suca data — 


could be gained by fetal blood sampling durirg two 
-types of variable decelerations as distinguish2d by 
Doppler velocimetry. a 

_ Distinguishing the types of variable decelerations 
may have important practical significance, because if it 
can be shown that the head compression decelerations 
are more benign, this would allow more consetvative 
management of the second stage. of labor, wher= they 


Broke) most frequently occur. 


t 


A ` 
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Discussion 


Dr. E. PAUL Kirk, Portland, Oregon. This is an el- 
egant review of the current understanding of the phys- 
iologic mechanisms of variable decelerations. Contin- 
uous electronic FHR monitor:ng has been with u3 now 
for more than two decades, and the fact that t has 
become a standard part of okstetric practice has in no 
way lessened our need to understand the physiologic 
basis for the patterns that we see and react to on a daily 
basis. Our ambivalence toward the use of continuous 
monitoring is characterized by the observation that its 
widespread use has been accompanied on the one hand 
by a rise in cesarean section rates with little apparent 
impact on long-term sequelae and on the other hand 
by the virtual elimination of intrapartum death and a 
vast personal and anecdotal experience where fetal 
monitoring appears to have been invaluable in individ- 
ual cases. 

Continuous electronic FHR monitoring is part of our 
lives on the labor and delivery floor. Fifty percent of 
tracings show some abnormality, and the challenge has 
to be not only to accurately report what we see but also 
to strive to understand what we are seeing and to un- 
derstand the etiology of abncrmalities and their phys- 
iologic basis so that the tracing can be intelligencly in- 
terpreted in the context of the individual circumstance 
and within the perspective cf the particular stege of 
labor. Dr. Parer has been in the vanguard of the move- 
ment, demanding intelligent interpretation of, rather 
than blinkered reaction to, a-normal tracings, and this 
paper represents another excellent contribution in that 
genre. 
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The authors describe the observed effects of partial 
and complete occlusion of the arterial and venous um- 
bilical vessels, namely, an abrupt bradycardia of vari- 
able duration. They describe the consequences in terms 
of the blood pressure responses and the production of 
hypoxemia, hypercarbia, and acidosis. They recall the 
early work that demonstrated the effect of medical and 
surgical vagotomy and the suggestions of an early baro- 
receptor and later chemoreceptor effect. They draw 
some analogies from clinical observations in the second 
stage of labor and the effects of amnioinfusion. They 
emphasize the relatively incomplete development of the 
fetal heart and its sensitivity to afterload changes, but 
they seem unable to draw any convincing conclusions 
from Doppler velocimetry studies. Finally, they rec- 
oncile the data by reaffirming two separate etiologies 
for variable deceleration, making a likely association of 
first-stage events with cord occlusion and second stage 
events with head compression, and suggesting a prac- 
tical importance in attempting a distinction between the 
two types of variable decelerations. 

The obvious response is to ask how those distinctions 
might be made. I believe that the practice obstetrician 
is often frustrated by the apparent difficulty in bridging 
the gap between the evidence provided by animal lab- 
oratory experimentation and the realities of the labor 
and delivery suite. Could Dr. Parer suggest some fur- 
ther area of investigation so that the distinctions might 


be more easily made? Might we expect more helpful 


information as Doppler velocimetry techniques become 
better refined and might we learn something from ob- 
serving intrapartum breathing patterns, given that the 
midbrain is the site of reception and integration of 


. chemoreceptor and baroreceptor inputs and that the 


cardiovascular centers in the pons and medulla are 
heavily influenced by activity in the respiratory centers. 
The authors appear to place some weight on the ob- 
servation that the fetal stroke volume lies at the break- 
point of the function curve and implies that this is a 
unique circumstance, although it is my understanding 
that the supine adult as opposed to the upright adult 
shows the same curve as the fetus. Finally, is it fair to 
describe the sensitivity of the fetal heart to afterload 
charges as applying to both ventricles? Work by Thorn- 
burg at our institution showed this sensitivity to apply 
to the right ventricle, whereas the left ventricle which 
supplies most of the blood flow to the brain maintained 
its stroke volume in the face of elevated aortic pres- 
sures.” ’ 

Those of you who appreciate my inadequacies as a 
physiologist will be suspicious of the detail of some of 
these questions and will recognize the hand of my col- 
league, Dr. John Bissonnette, in their inquiry. Perhaps 
that is an appropriate reminder as to how dependent 
we journeymen clinicians are on the insights provided 
by fetal physiologists such as Dr. Parer. I look forward 
to the next article in the hope that the author will make 
the ultimate distinction between significant and insig- 
nificant variable decelerations. 
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Dr. ROBERT GOODLIN, Placerville, California. The 
fetal baroreflex has been studied and reviewed for 
more than 100 years, but little new information has 
been added in the past 25 years.’ Besides producing 
acute fetal bradycardia, vagal stimulation also increases 
fetal beat-to-beat variability. I have wondered why dur- 
ing severe acute fetal bradycardia, fetal beat-to-beat 
variability is often not increased, but sometimes is even 
decreased. Does this have any prognostic significance 
as to fetal health? Because Dr. Parer mentioned my 
article on inappropriate fetal bradycardia, I wonder if 
he too is now willing to inhibit apparently detrimental 
fetal vagal bradycardia with atropine?” Because am- 
nioinfusion is much less efficient than atropine in in- 
hibiting severe fetal bradycardia, I also wonder if am- 
nioinfusion really inhibits vagal fetal stimulation. 
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Dr. PARER (Closing). I would first like to make a 
semantic comment about abnormal FHR patterns. We 
don’t really know what an abnormal pattern is. Mild 
variable decelerations do not cause acidosis and also 
can hardly be called abnormal. Vagal reflex late decel- 
erations that do not cause acidosis should not be termed 
abnormal. A better term might be “variant” heart rate 
patterns. 

Regarding the cardiac output of the fetus during 
bradycardia, it is possible that the right and left ven- 
tricles may have different responses, as Dr. Kirk has 
pointed out. He notes that maintenance of left ven- 
tricular output under these conditions would be valu- 
able for maintaining blood flow to the brain and heart. 
Although such data are not yet available for the human 
under such specific conditions as second stage variable 
decelerations, this could be an explanation why they 
may be a more benign process for the fetus than cord 
compression variable decelerations. 

Dr. Kirk asks how we may clinically distinguish be- 
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tween variable decelerations produced by cord 
compression and the purely vagal type. I would like to 
think that Doppler velocimetry holds the key. However, 
when I look at the work of Weiss et al. and what they 
had to go through to get data on eight patients and the 
amount of information they had to discard to get clean 
studies, I would think that the journeyman obstetrician 
would be unable to get clinically useful observations in 
the second stage of labor. The technical difficulties are 
too great. Maybe it is sufficient to maintain that second 
stage patterns are these that are purely produced by 
the vagus nerve and that we should be more conser- 
vative in our approach to the second stage variable 
deceleration. That is, we should not cry fetal distress 
and put the forceps on after a brief period of such 
variable decelerations. It is a clinical observation that 
the well-grown fetus at term can tolerate, in the vast 
majority of cases, at least 30 minutes of severe variable 
decelerations. If purely of the vagal type, they may be 
tolerated for a lot longer. Additionally, in a clinical set- 
ting you would be able to rescue the decompensating 
fetus in a reasonably quick period of time, either by an 
operative vaginal delivery, by discouraging pushing 
with every contraction, or by short-term tocolysis. I 
hope that further work will strengthen the concept of 
the two causes of variable decelerations and that some 
technique for clinically distinguishing them will 
emerge. 

Dr. Goodlin wonders that if there is an increase in 
vagal activity during these variable decelerations in the 
second stage, can we detect an increase in FHR vari- 
ability compared with first-stage variable decelerations? 
To my knowledge that has not been shown. In any case, 
I am not sure that an increase in vagal activity will cause 
an increase in variability. Rather, the vagus is trans- 
mitting increased activity from another source. How- 
ever, differences in variability in the two types would 
be worth looking at. 

I am not yet ready to give these patients atropine in 
the second stage. ‘The data are not yet available to show 
that such treatment is beneficial. Another problem is 
that once you have given the atropine, the effect re- 
mains for a long time, and you lose the heart rate trac- 
ing that you are using to follow the condition of the 
fetus. You can get into multipharmacology obstetrics 
and give drugs to subsequently counteract the atropine, 
but I think that 1s going too far. 

As I noted earlier, amnioinfusion was not as effective 
in the second stage as it was in the first stage. 
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OBJECTIVE: This retrospective study was undertaken to identify whether electively induced labor places 
the mother or her fetus at increas2d risk as compared:with her spontaneous labor cohort. 

STUDY DESIGN: This study coməares the labor, delivery, and fetal outcome of 253 parturients in which 
labor was electively induced with 253 matched controls who began labor spontaneously. All patients were . 
delivered at Huntington Memorial Hospital in Pasadena, California, during the calendar year 1990. The 
patients were between 37 and 41 weeks’ gestation and had no medical or obstetric conditions i 

_ necessitating induction. The cases and controls were matched for age group, parity, gestational age, and 


delivering obstetrician. 


RESULTS: Epidural anesthesia was used in 83. 8% of patients in the induction group versus 55.7% in the 

spontaneous group. Patients with labor. induced had a shorter first stage of labor. Meconium staining was ` 

found significantly more often in the spontaneous group than in the induced group (16.2% vs 6.7%). This 
contributed to a greater rate of'neonatal consultations in the spontaneous labor group. Although cesarean | `” 


„section rates between the two grcups were similar, nulliparous patients in the induction group with an 


_ estimated Bishop score of <5 had a 50% cesarean section rate. latrogenic prematurity was not 


`, 


‘encountered. No differences existsd between the two groups with respect to intrapartum maternal 
complications, fetal complications, or postpartum complications. 
` CONCLUSIONS: When compared with spontaneous labor, elective induction of labor at term does not 


- appear to pose an increased risk to the mother or her fetus in a carefully selected patient population. 
However, elective induction of labor in a nulliparous patient with an unfavorable cervix should be 
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discouraged. (AM J OBSTET GYNEKOL 1992; 166:1690-7.) 


Induction of labor is a valuable and important clinical 
tool in obstetrics. It is a well-accepted therapy when 
initiated for a medical or okstetric indication. When 
induction of labor is done for convenience or psycho- 
social reasons, it is elective and is controversial. 

The rate of induction is on the rise,’’? with an in- 
creasing number of obstetricians and their patients 
choosing to electively induce labor. At Huntington Me- 
morial Hospital, a tertiary care center, 30% of the in- 
ductions done in 1990 were done electively without 
obvious medical or obstetric indications. 


Although the literature on elective induction is lim- 


ited, advantages and disadvantages have been de- 
scribed.** Opinions differ regarding the risk to mother 
and fetus during elective induction of labor.’ +7 This 


___ retrospective study was undertaken not to validate or 
_ promote elective induction. but rather to identify 


From the Department of Obstetrics and Gynecology, biie Me- 
morial Hospital. 

Presented at the Fifty-eighth Annua: Meeting of. the Pacific Coast 
Obstetrical and Gynecological es Ashland, Oregon, September 
9-12, 1991. 

Reprint requests: James A. Macer, MD; 10: Congress St., Suile 400, 
Pasadena, CA 91105. 
61637157 


. Key words: Elective induction, induction, oxytocin, meconium staining, epidural anesthesia 


‘whether electively induced labor places the mother and 


her fetus at increased risk as compared with her spon- 
taneous labor cohort. i 


Patients and methods my 

The patients in this study were delivered at Hunt- 
ington Memorial Hospital in Pasadena, California, dur- 
ing the calendar year 1990. Huntington Memorial Hos- 


`- pitalisa private tertiary care facility on 5561 deliveries 


during the year 1990. 
The patients in the study group were identified by’ 


_ examining hospital lists of patients undergoing elective 


induction of labor. The charts were then individually — 
reviewed to determine eligibility. Patients selected were ` 
réquired to have a singleton, cephalic presentation with 
a gestional age between 37 and 4] weeks without any 


: medical or obstetric conditions necessitating induction. 
_ The exclusion criteria are listed in Table I. This re- 
- sulted in an elective induction group of 266 patients. 


‘Each patient in the induction group was then indi- 
vidually matched with a patient with the same eligibility 
criteria and’ whose labor had begun spontaneously. 
They were matched for age (+4 years), parity, gesta- 
tonal age (+ 1 week), and delivering obstetrician. The 
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Table I. Exclusion criteria for study and 
control groups 


Obstetric 
Previous cesarean section or uterine scar 
Multiple gestation 
Noncephalic presentation 
Fetal growth retardation 
` Spontaneous rupture of membranes, not in labor 
Postdates 
Oligohydramnios 
Polyhydramnios . 
Abnormal antepartum testing 
Use of tocolytic therapy within 4 wk before labor 
Medical problems 
Pregnancy-induced hypertension and preeclampsia 
Gestational and type I diabetes 
Chronic hypertension 
Hemoglobin <10 gm/dl 
Any serious illness or medical problem (e.g., epi- 
lepsy, cardiac diseases) 


spontaneous labor control group was chosen from hos- 
pital lists of patients with spontaneous labor. The first 
suitable match was taken in each case by a person in- 
dependent of this study. No match could be found for 
13 of the patients undergoing labor induction; they 
were therefore excluded. This left 253 patients in each 
group. 

For the purpose of this study, induction was defined 
as the initiation of labor in a woman with intact mem- 
branes and no regular uterine contractions. A Bishop 
score? of =5 or >5 was estimated on each patient in 
the induction group. This was based on the patient’s 
initial recorded cervical examination before the induc- 
tion was started. The methods of induction could in- 
clude artificial rupture of the membranes, oxytocin in- 
fusion, prostaglandin E, gel or suppositories, or any 
combination thereof. Spontaneous labor in the control 
group was defined as the onset of regular uterine con- 
tractions 5 minutes apart with or without rupture of 
membranes. The number of patients in the control 
group requiring oxytocin augmentation was also re- 
corded. a 

The data gathered on all 506 patients were obtained 
through extensive review of patient records. This in- 
cluded the labor, delivery, and postpartum records and 
nursing notes and parturition summaries dictated by 
the obstetrician. Labor abnormalities were defined by 
Friedman’s criteria.’ Fetal distress was defined as an 
abnormality of fetal heart rate necessitating that the 
obstetrician terminate labor by assisted vaginal delivery 
or cesarean section. 

The data were entered into a computer and the 
BMDP and EPI-INFO softwares were used for statis- 
tical analysis. The paired ¢ test was used to compare 
groups for continuous variables. The odds ratio anal- 
ysis for case control study was used to compare groups 
for discrete variables. 
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Table II. Comparison of matching criteria 


between groups 
Induction Spontaneous 
group (N = 253) | group (N = 253) 


Maternal age (yr) 


Average 29.90 29.85 

SD 4.92 4.67 
Parity (%) 

Nulliparous 30.4 30.4 

Multiparous 69.6 69.6 
Gestational age (wk) 

Average 39.43 39:32 

SD 1.02 0.90 


Table ITI. Method of induction 


Type % 


Oxytocin 213 84.2 

Oxytocin plus artificial rupture of membranes 21 8.3 

Artificial rupture of membranes G6 24 

Prostaglandin 4 16 

Prostaglandin plus oxytocin 9 36 

TOTAL i 253 100.0 
Results 


Study group profile. The patient profiles of both 
groups were comparable for age, parity, and gestational 
age, as shown in Table H. A total of 26 obstetricians 
was represented. The number of pairs per physician 
varied from one (0.4%) to 28 (11.1%). Twelve of the 
26 physicians contributed 82.2% of the patients. 

Induction profile. Oxytocin alone or in combination 
with artificial rupture of membranes was the method 
of induction used in 234 of the 253 patients (92.5%) 
(Table III). Within the induction group, 24.1% 
(61/253) of the patients had an estimated Bishop score 
of <5, and 75.9% (192/253) had a score of >5. 

Labor. The length of the first stage of labor was 
shorter in the induction group than in the spontaneous 
labor group, 6.0 versus 7.2 hours (p = 0.008). No dif- 
ferences in duration of the second stage of labor were 
found between the groups. The duration of ruptured 
membranes was also similar between the two groups, 
5.6 hours for the induction group and 5.0 hours for 
the spontaneous labor group (Table IV). In addition 
the numbers of reported vaginal examinations during 
labor were similar, 5.2 (+2.1) for the induced and 5.0 
(+ 2.1) for the spontaneous labor patients. In the spon- 
taneous labor group 40% of the patients received oxy- 
tocin augmentation. 

The use of epidural anesthesia was statistically dif- 
ferent between the two groups. In the induction group, 
83.8% (212/253) used epidural anesthesia, whereas 
55.7% (141/253) used epidural anesthesia in the spon- 
taneous labor group (p < 0.001) (Table V). 
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Table IV. Duration of first and second stages of labor and ruptured membranes 
















Induction 


group 
(mean + SD) 


Spontaneous 
labor group 
(mean £ SD) 






Significance 


_ First-stage labor (hr) = 
Total 196 


6.0 + 3.1 7.2 & 5.2 = 0.008 

Nulliparous 42 12 2 3.2 elena p = 0.007 

Multiparous . 154 5.7 + $.0 6.4 + 5.0 NS 
Second-stage labor (min) 

Total 196 44 + 61 39 + 44 NS 

Nulliparous . 42 92 + 5] 90 + 53 NS 

Multiparous 154 31 + 56 26 + 30 NS 
Duration of ruptured membranes (hr) 

Total 253 5.6 + 3.6 5.0 25.3 NS 

Nulliparous TI 102438 7.6 + 5.5 NS 

Multiparous 176 4.6 + 2.9 3.9 + 4.9 NS 


NS, Not significant. 
*Cases in which cesarean section was performed:were omitted in calculation of the first and second stages of labor. 


Table V. Comparison of mode of delivery between two study groups 


Induction group Spontaneous group 





Mode of delivery Significance 

All patients 253 , 253 sg 

Primary cesarean section 37 14.6 28 11.1 NS 

Vaginal forceps and vacuum 70 27.7 mo 450 20.9 NS 

Spontaneous vaginal delivery . - | 146 57.7 172 68.0 p = 0.02 

Cesarean section, vaginal forceps and vaccum 107 `> 42.3 8l 32.0 p = 0.02 
Patients receiving epidural anesthetic 212 83.8 . 141 55.7 p = 0.001 

Cesarean section, vaginal forceps and vacuum 101 47.6* 68 (48.2)* NS 

Spontaneous vaginal delivery © HI > 52.4% 73 (51.8)* NS 


NS, Not significant. l : 
*Percent of total patients receiving epidural anesthetic. 


group was 27.7%.and 20.9% for the spontaneous labor 
delivery for subgroups defined by parity group. There was a significant difference in sponta- 
neous vaginal delivery rates between the two groups, 


Induction | Spontaneous | 
group group | Significance 57.7% for the induction and 68% for the spontaneous 


labor group (p = 0.02). This translates to a significantly 


Table VI. Percentage distribution by mode of 


Nulliparous ci l ; l é 
No.: of cases ay 77 higher combined assisted vaginal delivery and cesarean 
Primary cesarean 33.8 22.1 NS (p = 0.15) section rate for the induction group than for the spon- 
Peo nie 5 av one: NS taneous labor group (42.3% vs 32.0%, p = 0.02). How- 
plus vacuum- ever, when only patients receiving epidural anesthesia 
"assisted vaginal in both groups were considered, the rate of combined 
a = : cesarean section and assisted vaginal deliveries was 
Nas GE cates 176 176. nearly identical, 47.6% (101/212) in the induction 
Primary cesarean 6.2 6.2 NS group and 48.2% (68/141) in the spontaneous labor 
EERE 23.9 ° 165 NS Te ual 


When the role of parity and the mode of delivery 
were analyzed, the nulliparous patient in the induction 
group had an indication toward a higher cesarean sec- 
tion rate than the nulliparous patient in the sponta- 
neous group, 33.8% compared with 22.1% (p = 0.15). 
The multiparous cesarean section rates were the same, 
6.2% (Table VI). No statistically significant differences 


plus vacuum- 
assisted vaginal 


delivery (%) 


NS, Not significant. 


Delivery. The primary cesarean section rate was 


14.6% for the induction group and 11.1% for the spon- 
taneous group (Table V). The assisted vaginal delivery 
(vaginal forceps or vacuum) rate for the induction 


were found in the rate of assisted vaginal delivery with 
respect to parity (Table VI). 
The nulliparous patient with a Bishop score of 5 
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Table VII. Cesarean section deliveries by parity and Bishop score 


Parity Induction group (Bishop score =5) Induction group (Bishop score >5) | 


Nulliparous 
Multiparous 


50.0% (12/24) 
5.4% (2/37) 


Spontaneous group 


96.4% (14/53) 
6.5% (9/139) 


22.1% (17/77) 
6.2% (11/176) 


Numbers in parentheses indicate numerator and denominator of percent. 


had an indication toward a higher cesarean section rate `’ 


than those with a Bishop score >5, 50% compared with 
26.4% (p = 0.12%). The cesarean section rate for the 
nulliparous patient in the spontaneous labor group was 
22.1%. The Bishop score did not appear to affect the 
cesarean section rate for the multiparous patient (Table 
VII). 

The indications for a cesarean section were similar 
for both groups with the exception of the indication 
“primary arrest of dilatation.” The induction group 
had five cesarean sections done for this indication, 
whereas the spontaneous group had none (p < 0.01 on 
the basis of the Poisson probability) (Table VIII). All 
five of the induction patients with primary arrest of 
dilatation were nulliparous with a Bishop score of =5. 

The time of day that the deliveries occurred in the 
spontaneous labor group was evenly distributed over 
the 24-hour period. The induction group, however, 
had only 11% of its deliveries between midnight and 
eight AM (Fig. 1). 

Conditions of fetus and newborn. All babies were 
born alive, and there were no neonatal deaths. There 
was no iatrogenic prematurity in the induction group. 
Fetal outcome is shown in Table IX. The mean birth 
weight of infants in the induction group was 3553 gm 
compared with 3434 gm in the spontaneous group 
(p = 0.0007). There were 33 babies whose birth weight 
was >4000 gm in the induction group and 21 in the 
spontaneous group. 

There was no significant difference between the two 
groups in the number of cases with Apgar scores <7 
at 1 or 5 minutes. Additionally, there was no difference 
in fetal heart rate abnormalities or other fetal compli- 
cations. Meconium was found in 17 patients (6.7%) in 
the induction group but occurred significantly more 
often in the spontaneous labor group, 41 patients 
(16.2%) (p = 0.0013). In addition, a neonatal consul- 
tation was obtained in 17.4% of the cases in the spon- 
taneous labor group, as opposed to 9.1% in the induc- 
tion group (p = 0.009). The reasons for neonatal con- 
sultations are shown in Table X. Mecontum was the 
reason for consultation in 15 (5.9%) of the induced 
patients and 34 (13.4%) of the spontaneous labor pa- 
tients (p = 0.007). There were six neonatal intensive 
care unit admissions in the spontaneous labor group 
and two in the induction group. One baby in the in- 
duction group was admitted after shoulder dystocia, 
severe variable decelerations, and birth asphyxia 


Table VIII. Indications for cesarean section : 





Indications 
Primary arrestof 5 2.0 0 00 p<001 
dilatation 
Secondary arrest 12 4.7 10 4.0 NS 
of dilatation 
Arrest of descent 11 4.3 12 4.7 NS 
Fetal distress ll 43 8 3.2 NS 
Cord prolapse 2 08 1 0.4 NS 
Malposition @ 0.0 l 0.4 NS 
Other 0 00 l 0.4 NS 


NS, Not significant. 


Note: Some physicians reported more than one indication 
per case. 


(weight 3700 gm, Apgar scores 1 and 6). The other 
admission was for transient tachypnea and to rule out 
pneumonia. The infant did not have respiratory dis- 
tress syndrome. In the spontaneous labor group three 
admissions were for amnionitis, one for meconium as- 
piration, one for birth asphyxia (Apgar scores 2 and 
6), and one for respiratory difficulty. All infants were 
discharged home from the neonatal intensive care unit 
in good condition. 

No significant differences between the two groups 
were observed for lacerations, intrapartum maternal 
complications, or postpartum complications (Table XI). 


Comment 


According to the American College of Obstetricians 
and Gynecologists, “Induction of labor is undertaken 
when, in the opinion of the physician, the risks of de- 
livery to the mother or the fetus or both are less than 
the risk of continuing the pregnancy.” Elective in- 
duction of labor is performed before there exists a 
known risk to the mother or fetus of continuing the 
pregnancy. This procedure should be considered jus- 
tifiable only after it is shown that there is no increased 
risk to the mother or fetus and that the benefits of 
success outweigh the disadvantages of failure. 

Opinions differ regarding the risk to mother and 
fetus during elective induction of labor." *” 7) Pro- 
ponents of elective induction argue that they are avoid- 
ing potential adverse outcomes associated with post- 
dates, preeclampsia, and term intrauterine fetal 
death of unknown causes.* ' ° Others advocate elec- 
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Fig. 1. Percentage distribution by hour of birth. 


tive induction to allow for daytime deliveries with a 
rested patient and better perinatal médical care per- 
sonnel.* * * It allows for better planning by the physi- 


clan, patients, and their families. Patient anxiety may. 


be reduced, resulting in a more pleasant birth expe- 
rience by having her own physician present and plan- 
ning for pain control with ep:dural anesthesia. 


Those opposing elective induction would argue that. 


not only is it generally not recommended by the Amer- 
ican College of Obstetricians and Gynecologists cr the 
Food and Drug Administration but also it is an unnec- 
essary and unnatural process. >! There is concern over 
inducing labor before the fetus is mature or “ready.” 
Smith et.al.* expressed concern that once a physician 
has initiated one form of active intervention (the de- 


cision to electively induce labor) there may be a ten-. 
dency to more readily accept further intervention in 


the form of operative or assisted deliveries. . 
Previous studies have cited difficulties in obtaining 
control groups comparable to the induction groups and 
controlling for differences in practice styles of incivid- 
ual physicians.” °? In this study we felt confident that 
we attained a control group very similar to the induc- 
- tion group. All patients were considered low risk, with 


. patients, 7 : 


no medical or obstetric complications. They were 
matched closely for age, parity, gestational age, and 


physician, the latter in an attempt to minimize the phy- 


sician style differences or tendencies of one physician 
to affect outcome of either group. g 

. In this study the majority of the induced labor pa- 
tients were delivered in the afternoon and early eve- 


_ ning. The spontaneous labor patients were delivered 


evenly over the 24-hour period. Similar findings were 
also reported by other studies.** “ 

One trend that appears fairly consistent throughout 
the literature is the increased use of epidural anesthesia 
in the induction group." ** "© This study is consistent 
with previous findings, because 83.8% of induced labor 
patients received epidural anesthetic whereas only 


: 55.7% of the spontaneous labor patients did so. A pos- 
` sible explanation may be that when patients agreed to 


planned or scheduled delivery many of them also 

planned for pain control. l l l 
The induced labor group of patients had a shorter 
hrst stage. This occurred more often in nulliparous 


$ 2 ` 


. We did not find a significant increase in the number 


. of cesarean sections or assisted vaginal deliveries in the 
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Table EX. Fetal outcome 






Outcome 


Birth weight (gm) 


Induction group 
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Spontaneous group 
(N = 253) 





Significance 


Mean + SD 3,553 + 385 3,454 + 437 p = 0.0007 
Range 2722-4508 2098-4848 
Apgar score < {no.) 
At I min 12 (4.7%) 8 (3.2%) NS 
At 5 min 2 (0.8%) 1 (0.4%) NS 
Fetal complications (no.) 
Heart rate abnormalities” 25 (9.9%) 29 (11.5%) NS 
Fetal distress 8 (3.2%) 3 (1.2%) NS 
Abruptio placentae 4 (1.6%) 2 (0.1%) NS 
Cord prolapse 2 (0.1%) 1 (0.04%) NS 
Meconium observed (no.) 17 (6.7%) 41 (16.2%) p = 0.0013 
Neonatal consultation obtained (no.) 23 (9:1%) 44 (17.4%) p = 0.009 
Neonatal intensive care unit admission (no.) 2 (0.8%) 6 (2.8%) NS 


NS, Not significant. 


*Includes bradycardia, severe variable decelerations, and late decelerations. 


Table X. Indications for neonatal consultation 










Induction | Spontaneous 
group group 
(N = 253)\ (N = 253) 


Indications 


Meconium 15 59 34 13.4 p= 0.007 

Fetal heart rate ab- 9 36 £6 2.4 NS 
normality 

Amnionitis 2 08 6 2.4 NS 

Depressed infant 3 Lz $ 1.2 NS 

Respiratory difficulty 0 0.0 J 0.4 NS 

Neurologic 1 04 O 0.0 NS 


NS, Not significant. 


Note: Some physicians reported more than one indication 
per case. 


induction group. This is in contrast to results of Yudkin 
et al.* and Vierhout et al.ê but similar to the findings 
of Sande et al.' and Martin et al.° 

Patients in the spontaneous labor group had a greater 
chance of having a spontaneous vaginal delivery as op- 
posed to an assisted vaginal delivery or cesarean section 
(p = 0.02). However, this appears to be related to the 
use of epidural anesthesia rather than the induction 
process itself. As described earlier, when only patients 
receiving epidural anesthetic in both groups were con- 
sidered, the spontaneous vaginal delivery rates were 
nearly identical, 51.8% in the spontaneous group and 
52.4% in the induction group. 

Our results identified a group of patients undergoing 
induction who are at risk of having a cesarean section. 
Twenty-four nulliparous patients with a Bishop score 
of <5 underwent induction. Twelve of these patients 
(50.0%) required a cesarean section. If the nulliparous 
patients’ Bishop scores were >5, the cesarean section 
rate was similar to that of nulliparous patients in the 


Table XI. Maternal, intrapartum, and 
postpartum complications 















Induction 
Ou 
(N = 253} 


Spontaneous 


group 
(N = 253) 






Complications 


Maternal complications 
Intrapartum fever (tempera- 
ture =100.4° F) 
Uterine atony 
Hemorrhage 
Hypotension 
Other 
Lacerations 
Third- and fourth-degree 
perineal 
Vaginal 
Cervical 
Postpartum complications 
Postpartum fever (tempera- 
ture =100.4° F) 
Endomyometritis 
Hemorrhage 
Neurologic 
Other 


pæ a AD 


spontaneous labor group (26.4% vs 22.1%). Although 
the nulliparous patient with a Bishop score of <5 is at 
an increased risk of cesarean section, the multiparous 
patients’ cesarean section rate did not differ with 
Bishop scores. Smith et al.* also found an increased 
cesarean incidence in the nulliparous patient. 

Five patients in the induction group underwent a 
cesarean section for primary arrest of dilatation. No 
patients in the spontaneous labor group required a ce- 
sarean section for this diagnosis. All five of these pa- 
tients were nulliparous with a Bishop score of <5. 

Meconium staining was found more often in the 
spontaneous labor group. ‘This accounted for an in- 
crease in delivery room consultations by a neonatolo- 
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gist. However, the presence cf meconium did not ap- 
pear to have an adverse effect on ultimate fetal out- 
come. This finding of increased meconium stain-ng is 
fairly consistent throughout the literature.* ** ''’* One 
might hypothesize that a fetus under stress will initiate 
labor and thus explain the hizher incidence of meco- 
nium staining in patients in spontaneous labor. With 
the induced labor patient labor may have been initiated 
before the fetus was stressed. 

Although the average birth weight in the induced 
group was higher, this did not appear to affect delivery 
outcome. Fetal size may have contributed to the phy- 
sician’s decision to encourage induction before 41 
weeks, 

The two groups did not dizfer in fetal outcome as 
reflected by similar Apgar scores and complications. 
However, although the difference is not statistically sig- 
nificant, there were more necnatal intensive care ad- 
missions in the spontaneous labor group. Similar to 
findings in previous studies, there was no prematurity 
in the induction group.* * The maternal outcome was 
not adversely affected by induction, as indicated by the 
absence of increased intrapartum or postpartum com- 
plications. | 

In summary, when compared with spontaneous la- 
bor, elective induction of labor at term does not appear 
to pose an increased risk to the mother or her fetus in 
a carefully selected patient population. However, elec- 
tive induction of labor in a nulliparous patient wita an 
unfavorable cervix, should be discouraged. 


We thank Henry Chiu, MS, for his efforts in acquir- 
ing case lists and data entry and Terry LeMoncheck: for 
preparation of the manuscript. 


REFERENCES 


1. Sande HA, Tuveng J, Fonstelier T. A prospective ran- 
domized study of induction of labor. Int ] Gynaecol Obstet 
1983;21:333-6. 

2, Knutzen VK, Tannegerger U, Davey DA. Complications 
and outcome of induced labour. S Afr Med J] 1977;52: 
482-5. 

3. Smith LP, Nagourney BA, McLean FH, Usher RH. Haz- 
ards and benefits of elective induction of labor. AM J OB- 
STET GYNECOL 1984;148:579-85. 

4. Yudkin P, Frumar AM, Turnbull AC. A retrospective 
study of induction of labour. Br J Obstet Gynaecol 
1979;86:257-55. 

5. Vierhout ME, Out JJ, Wallenburg HCS. Elective induction 
of labor: a prospective clinical study. I. Obstetric and neo- 
natal effects. J Perinat Med 1935;3:155-62. 

6. Martin DH, Thompson W, Pinkerson JHM, Watson JD. 
A randomized controlled trial of selective planned deliv- 
ery. Br J Obstet Gynaecol 1978;85: 109-13. 

7. Tylleskar J, Finnstrom O, Leiken I, Hedenskog S, Ryden 
G. Spontaneous labor and elective induction—a prospec- 
tive randomized study. J. Effects on mother and fetus. 
Acta Obstet Gynecol Scand 1979;58:513-18. 

8. Bishop EH. Pelvic scoring for 2lective induction. Otstet 
Gynecol 1964;24:266-8. 

9. Friedman EA. The labor curve. Clin Perinatol 1981;8:15. 

10. Induction and augmentation of labor. ACOG Tech Bull 
1987;110:1-33. 


June 1992 
Am J Obstet Gynecol 


11. Cole RA, Howie PW, Macnaughton MC. Elective induc- 
tion of labor: a randomized prospective trial. Lancet 
1975; 1:767-70. 

12. Crump WJ. Oxytocin and the induction of labor: use in 
a network of community hospitals. Fam Med 1989;21: 
110-3. 

15. Bergsj P, Gui-dan H, Su-qin Y, Zhi-aeng G, Bakketeig LS. 
Comparison of induced versus non-induced labor in post- 
term pregnancy: a randomized prospective study. Acta 
Obstet Gynecol Scand 1989;68:683-7. 

14. Kato K, Nagata I, Furuya K, Seki K, Makimura N. Pro- 
grammed induction of labor for primiparous women to 
ensure daytime delivery. Asia Oceania J Obstet Gynaecol 
1987; 13:3405-15. 

15. Food and Drug Administration. New restrictions on oxy- 
tocin use. Washington: Food and Drug Administration, 
1978:30. 


Discussion 


Dr. James D. FEARL, Portland, Oregon. What is an 
elective induction of labor? In this article the authors 
have defined it as being done for convenience or psy- 
chosocial reasons after medical or obstetric inductions 
are eliminated. He has retrospectively evaluated elec- 
tively induced labor in the year 1990 at Huntington 
Memorial Hospital, where 5561 deliveries took place 
during the year and 30% of the inductions were elec- 
tive. A list of medical problems and obstetric conditions 
stated in their Table I seems to include most or all the 
diagnoses representing the 70% of induced labors that 
would be considered nonelective. It was noted that ma- 
crosomia was not included in these exclusion criteria. 
These exclusion critera were also used to allow selection 
of a comparable control group of patients and to at- 
tempt to eliminate additional factors in the conduct of 
labor that might influence operative delivery. 

The resulting 266 patients were reduced to 253 pa- 
tients when no match could be found for 13 of the 
induction patients. One of the more common criticisms 
of elective induction studies in the literature is lack of 
a proper control group of patients. Each patient was 
matched with a control patient of comparable age (+4 
years), parity (nulliparous or parous), gestational age 
(+1 week), and the same delivering obstetrician. Al- 
though possibly not important, frequency of smoking 
and drug use was not determined. 

The differing opinions as to the acceptability of elec- 
tive induction of labor on the basis of risk to mother 
and fetus have been debated for decades. This group 
of 253 patients and their well-matched controls were 
studied to determine whether a mother and fetus with 
elective induction are placed at increased risk in 1990. 

Many aspects of labor and delivery were comparable 
in the two groups. Frequency of neonatal consultations, 
incidence of meconium staining, and admissions to the 
neonatal intensive care unit were favorable toward the 
induced patients. 

To examine Dr. Macer’s conclusion that elective in- 
duction of labor does not pose an increased risk to 
mother or fetus, the parameters of fetal distress and 
frequency of cesarean section must be looked at. The 
categories of fetal outcome listed as fetal complications 
or fetal indications for delivery by cesarean section in- 
clude fetal heart rate abnormalities, fetal distress, 
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abruptio placentae, and cord prolapse. Although there 
was no statistical significance when any individuel com- 
plication is compared with the controls, all categories 
except heart rate abnormalities were present more 
commonly in the induced group of patients. 

Because there were 33 newborns weighing >4000 
gm compared with 21 newborns in the spontaneous 
labor group, I would question Dr. Macer’s conclusion 
that this did not affect the delivery outcome. If esti- 
mated fetal size contributed to the decision to induce 
‘the labor, I would-not consider this an elective induc- 
tion. Can you tell us how many of the =4000 gm infants 
were delivered by cesarean section? As he poinred out, 
‘the 24 nulliparous patients with an unfavorable Bishop 
score had a cesarean section rate twice as high a3 50.0% 
as that of those with a favorable score, 26.4%. 

Would you consider a nulliparous patient at term 
with an unfavorable cervix as determined by Bishop 
score a candidate for elective induction? I would also 
be interested in your comments regarding the seeming 
reluctance toward the use of prostaglandin gel at least 
in the nulliparous patient with an unfavorable cervix. 
In the discussion of an article I presented at th2 Pacific 
Coast Obstetrical and Gynecological Society in 1986’ 
one discussant reviewed the 11 articles presented be- 
fore the Society since 193] and noted the repeated 
emphasis of the cervical requisites for elective in- 
duction. l 

I will let the words of Dr. Robert Goodlin act as the 
devil’s advocate by quoting his comments in hs formal 
discussion of my article regarding the Food and Drug 
Administration statement warning against the use of 
‘oxytocin for elective induction. “I remember w th fond- 
ness the days of elective inductions when the patient’s 
labor was induced on Friday so that the husband could 
take care of the children on the weekend, the obste- 
trician would be relatively free of weekend deliveries, 
and everyone was happy. It now appears that these 
wonderful times are available to obstetricians and their 
patients in Portland (Pasadena). I am curious as to how 
the Food and Drug Administration regulaions are 
avoided.” 
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Dr. Ezra Davipson, Los Angeles, California. Why 
do you call the decision to have or not to have an elective 
induction an ethical question for the patient and her 
physician rather than a practical one? 

Dr. JAMES CAILLOUETTE, Pasadena, ‘California. In | 
medicine today, the term “managed care” is in vogue. 
Managed care is brought to our doorstep by the lawyers 
and MBAs at the demand of employers, the buyers of 
medical care plans. Not initiated by physicians, it is 
nevertheless the wave of our future. I believe that the 
trend in obstetrics will continue toward managed labor 
because traditional care for the normal woman in labor 
is no longer cost-effective. It is no longer feasible for 
individual physicians who have invested 12 years in 
training at a cost of hundreds of thousands of dollars 
to dedicate extended periods to observing one normal 


-< woman in labor. Managed labor for the normal ob- 


stetric patient is in the cards. Let us hope that it is the 
obstetricians who deal the hand. 

Dr. CLYDE VON DER AHE, Los Angeles, California. 
Elective inductions were being done 50 years ago. In 
1943, when I was an intern at Saint Vincent’s Hospital 
in Los Angeles, Dr. B.J. Hanley, who was to be President 
of this Society, would bring in for induction of labor 
five to seven women on most Wednesday and Saturday 
mornings. He would strip and then rupture the mem- 
branes and then he would use high doses of barbitu- 
rates and scopolamine followed by drip ether anesthe- 
sia. The cesarean section rate was very low. Around 6 
or 7 PM it was interesting to watch the husbands who 
had arrived together in the morning saying to each 
other, “Well, what did you get?” “I have a girl.” “I have 
a boy.” 

Dr. MACER (Closing). Dr. Fearl, a patient admitted 
for induction of labor with the diagnosis of fetal ma- 
crosomia should have been excluded from this study. 
However, some may have had induction for this indi- 
cation and the physician did not mention the reason in 
the chart. As you noted, there were 33 patients in the 
induction group whose babies weighed >4000 gm ver- 
sus 2] in the spontaneous labor group. I do not have 
information about how many of these large infants 
were delivered by cesarean section. 

In this retrospective study, few obstetricians chose to 
use prostaglandin gel or suppositories. Although the 
numbers are small, it appears that its use might be 
advantageous. Six of the 13 patients with labor induced 
by prostaglandins had Bishop scores of $5, and there 
was only one cesarean section in this group. 


Tubal sterilization and risk of subsequent hospital admission 


for menstrual disorders 


Kirk K. Shy, MD, Andy Stergachis, PhD, Louis G. Grothaus, MS, Edward H. Wagner, MD, 


Julia Hecht, PhD, and Garnet Anderson, PhD 
Seatile, Washington 


OBJECTIVE: Our objective was to investigate tubal sterilization and subsequent hospitalization for 


menstrual disorders. 


STUDY DESIGN: Automated discrarge data were used in a populaticn-based cohort study of 7253 
women aged 20 to 49 years with tubal sterilization (1968 through 1983) at Group Health Cooperative of 
Puget Sound. Comparisons were with an age-matched cohort of 25,448 nonsterilized women and a 


nonmatched cohort of 5283 spouses of men with vasectomies. 


RESULTS: In the sterilization cohort, 282 had hospitalization for menstrual disorders (curettage, n = 191; 
hysterectomy, n = 66; nonsurgical, n = 25). Risk of hospitalization for menstrual disorders was 2.4 times 
greater after tubal sterilization (95% confidence interval 2.0 to 2.9). This risk was 6.1 times greater for 
Sterilized women aged 20 to 24 years (95% contidence iriterval 0.72 to 3.2). Compared with the risk for 
nonsterilized women whose spouses had a vasectomy, the risk was 1.6 times greater (95% confidence 
interval 1.3 to 2.1). Hospitalization tor menstrual disorders was not more common after unipolar 
sterilization than after other methods, as might have beer: expected if the menstrual disorder was related 


to impaired uteroovarian circulation. 


CONCLUSIONS: Tubal sterilization is associated with a greater risk of hospitalization for menstrual 
disorcers. A biologic association is 10t supported by these results. (Am J OgssteT GYNECOL 1992;166: 


1698-1706.) 


Key words: Tubal sterilization, curettage, menorrhagia, metrorrhagia 


Whether menstrual disorders are more common af- 
ter tubal sterilization is controversial.’ This issue is im- 
portant because medical and surgical hospital admis- 
sions to manage menstrual disturbances? and tubal ster- 
ization are both common.’ We have previously 
reported an increased risk of hysterectomy after tuba! 
sterilization.* Uterine bleeding was the indication for 
only 37% of the hysterectomies among the sterilized 
women in that report, and hospitalizations for curet- 
tage or other treatments for menstrual disorders were 
not considered. To clarify the relationship between 
tubal sterilization and first hospitalization for a men- 
strual disorder, we performed a large cohort study at 
Group Health Cooperative of Puget Sound, a non- 
profit, consumer-governed, health maintenance orga- 
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nization located in western Washington. Characteristics 
of the Cooperative’s population are similar to those of 
the rest of the community, and this site offered the 
additional advantage of a population-based, automated 
data base for the over one million persons who have 
ever been enrolled in the Cooperative. These data en- 
abled us to avoid the problems of other studies that 
were not population-based, had limited follow-up, or 
lacked an independent, nonsterilized comparison 


group. 


Material and methods 


Sterilized and nonsterilized women were eligible for 
study at Group Health Cooperative if they were 20 to 
49 years of age between 1968 and 1983. Sterilized 
women were identified from surgical log bocks (1968- 
197}) and from automated hospital discharge data 
from the Commission on Hospital Professional Activ- 
ities Study (1972-1984). Methods of sterilization were 
classified as postpartum (all by partial tubal resection), 
bipolar fulguration, unipolar fulguration, and other 
interval techniques (primarily isthmic tubal resection 
or fimbriectomy). During the period of this study, 16% 
of the sterilized women at Group Health Cooperative 
had postpartum sterilizations, 36% had bipolar tech- 
niques, 20% had unipolar techniques, and 27% had 
other interval techniques. Women were excluded if they 
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has been hospitalized for a primary or secondary di- 
agnosis of menstrual disorder at Group Health Co- 
operative before the reference date. The reference date 
was the date of sterilization for the sterilized woman, 
and that date was also the reference date for tne non- 
sterilized women matched to her. Nonsterilized women 
were excluded if they had a hysterectomy at Group 
Health Cooperative before their reference dzte or if 
they were not enrolled at the Cooperative as of their 
reference date. A hospitalization for menstrual disor- 
der was included if it was the first hospitalization that 
had a medical record code for menorrhagia, metror- 
rhagia, hypermenorrhea, or dysmenorrhea. Ninety- 
three percent of hospitalizations for menstrual disor- 
ders were related to excessive or irregular bleeding, 
and 7% were related to dysmenorrhea alone. 

Our analysis on the risk of hospitalization for men- 
strual disorder after tubal sterilization was based on two 
principal comparisons. The first comparison from the 
general population of Group Health Cooperative en- 
rollees was between all eligible women who had a tubal 
sterilization (n = 7253) and a matched comparison 
group of nonsterilized women (n = 25,448). These 
comparison groups are to be referred to as the sterilized 
and general population cohorts, respectively: and the 
comparison involving these two cohorts is referred to 
as the population comparison. The second comparison 
was not matched, and it concerned only women who 
had a spouse enrolled in Group Health Cooperative. 
In this second comparison, married sterilized women 
(n = 4057) were compared with nonsterilized women 
(n = 5283) whose husbands had a vasectomy at Group 
Health Cooperative between 1968 and 19&3. These 
comparison groups are referred to as the sterilized 
spouses and vasectomy spouses cohorts, respectively; 
and the comparison involving these latter two cohorts 
is referred to as the spouses’ comparison. (The 4057 
sterilized spouses are a subset of the 7253 women who 
were sterilized at Group Health Cooperative during the 
period of this study.) The spouses’ comparison was in- 
cluded because in this comparison the couples had all 
chosen to have no further children. Whether child- 
bearing is ended may be related to decisions regarding 
hospitalization for menstrual disorders, particularly 
those involving a hysterectomy. 

Follow-up time began 1 year after the sterilization 
(or a corresponding reference date for the nonsteril- 
ized cohorts) and continued until first hospitalization 
for menstrual disorder, disenrollment frem Group 
Health Cooperative, hysterectomy, or Dec. 31, 1984, 
the end of the study period. Hospitalizaticns during 
the first year after sterilization (or reference date) were 
excluded because routine preoperative and postoper- 
ative evaluation could have resulted in increased op- 
portunity for diagnosis and treatment of menstrual dis- 
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orders among sterilized women soon after the proce- 
dure. This detection bias would have increased 
estimates of the risk for menstrual disorders soon after 
sterilization. 

Population comparison. Because data on factors 
such as gravidity and prior contraception were not con- 
tained in our automated data base, it was not suitable 
for assessment of confounding. Although these data 
would have been available from a manual review of all 
the hospital medical records, this was not feasible given 
the large number of women in the population com- 
parison (>30,000 women). We considered medical rec- 
ord review ofa lesser number of women from a random 
sample of each cohort or within the context of a case- 
control study. To achieve adequate statistical power, 
both of these approaches would also have required re- 
view of an inordinate number of medical records.® This 
would have been true for a cohort study of a random 
sample of subjects because the outcome (hospitalization 
for menstrual disorders) was rare (2%). Similarly, for 
a case-control study the exposure (tubal sterilization) 
was uncommon (10%) among women at Group Health 
Cooperative. 

Therefore a more efficient two-stage, matched co- 
hort design was used.” ° The first stage of this cohort 
design is characterized by matching sterilized (exposed) 
and nonsterilized (nonexposed) subjects on factors 
available in an automated data base. Our matching was 
based on age (within 2 years) at sterilization (or ref- 
erence date}, and duration (within | year) of enrollment 
at Group Health Cooperative before sterilization (or 
reference date) (Table I). A 4:1 matching ratio was 
achieved for 86% of the sterilized cohort. For 10% of 
the sterilized cohort the matching ratio was 3:1, and 
for 4% the matching ratio was 2:1. 

The second stage had a nested design that involved 
data abstraction from the medical records of a 
subgroup of these matched sets. Sets without an out- 
come (i.e., subsequent hospitalization for a menstrual 
disorder) were not included because these sets would 
not alter estimates of the relative risk." One nonsteril- 
ized woman was selected at random from each set; thus 
matched sets became matched pairs, each containing 
one sterilized and one nonsterilized woman. All such 
pairs with at least one woman who was hospitalized for 
menstrual disorders were then identified with auto- 
mated data. Because there were more pairs with hos- 
pitalization for menstrual disorders than needed to 
achieve statistical power to detect a relative risk of 2.0, 
64 pairs (64 women from the sterilized cohort and 64 
women from the genera] population cohort) were ran- 
domly selected for chart abstraction and data collection 
in the second stage of this comparison. 

Medical record abstraction was done by two people. 
One reviewed the chart and verified the sterilization 
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Table I. Age and duration of Group Health Cooperative membership at sterilization or reference date, 


according to sterilization status 


Age at . All sterilized 
sterilization/reference . (n = 7253) 
date (yr) | 


20-29 
30-34 
35-39 
40-44 
45-49 


TOTALS . 100 


Mean of duration 5.97 
(yr) Group ` 
Health Coopera- 
tive memtership 
at sterilization or 
reference date 


$ 


No sterilization 
(n = 25,448) 





Category of women 


- Sterilized with 
Spouses 
(n = 4057) 


Nonsterilized wiih 
sterilized spouses 


(n = 5283) (%) 


34 
37 
19 





status. A second person (blinded as to sterilization sta- 
tus) noted the presence (as of the sterilization or ref- 
erence date) of several potentially confounding vari- 
ables including married/living with (yes, no), gravidity, 
parity, history of menstrual disorder (yes, no), and con- 
traceptive method (oral contraceptives, intrauterine de- 
vice, other) in use at 6 months before the sterilization 
or reference date. 

Spouses’ comparison. Our second principal com- 
parison (spouses’ comparison) had a first stage in which 
we used a nonmatched cohort design to compare mar- 


ried, sterilized women to the wives of men who had’ 


vasectomies between 1968 and 1983. Men with vasec- 
tomies were identified from pathology logs that indi- 
“cated 2 specimen from the vas deferens. Spouses were 
identified from automated enrolment data. 

In the second stage of the spcuses’ comparison, we 
performed a nested, case-control study with data based 
on medical records to obtain relative risk estimates ad- 
justed for the same potentially confounding variables 
as in the population comparison. Because the number 
of sterilized spouses and vasectomy spouses were sirn- 
ilar, the case-control design had maximum efficiency 
for this task. Simple random samples of 105 cases of 
hospitalization for menstrual disorders and 205 con- 
trols not hospitalized for menstrual disorders were s2- 
lected without regard to sterilization status. 

Statistical analvsis. For analyses involving the pop- 
ulation comparison, the Cox proportional hazards 
model’ was used to obtain estimates of the relative risk 
of hospitalization for menstrual disorders associated 
. with sterilization. This analysis was stratified on the 
matched sets used in the design (thus controlling fcr 
age and duration of enrollment at Group Health Co- 
operative before sterilization or rererence date). For the 


spouses’ comparison, an unmatched Cox proportional 
hazards model was used to obtain estimates of the rel- 
ative risk, controlling only for age and duration of en- 
rollment. In the nested studies adjustment for the ad- 
ditional potential. confounding variables listed above 
(e.g., gravidity) was by conditional logistic regression in 
the population comparison and by unconditional lo- 
gistic regression in the spouses’ comparison. These po- 
tentially confounding variables were chosen because 
they were considered to have an influence on a woman’s 
inherent risk of hospitalization for menstrual disorders, 
All p values were based on maximal probability likeli- 
hood ratio tests. Extensions of the primary Cox logistic 
regression models were used to test for effect modih- 
cation with age and duration of follow-up. 


Results 


Sterilized women had higher rates of hospitalization 
for menstrual disorders than did general population 
women: 955 versus 367 (per 100,000 person-years), 
respectively (p < 0.001). The corresponding relative 
risk (unadjusted except for matching variables) of hos- 
pitalization for menstrual disorders associated with 
sterilization was 2.4 (95% confidence interval 2.0-2.9, 
p < 0.001) (Table II). This risk.did not vary with du- 
ration of follow-up. The effect of ‘sterilization de- 
pended greatly on age (p < 0.005). Among women who 
were sterilized at age 20 to 29 years, the risk of hos- 
pitalization for menstrual disorders was more than five 
times greater among sterilized women compared with 
nonsterilized women. The risk of hospitalization for 


` menstrual disorders was 1.3 to 2.9 times greater for 


women sterilized in other age decades (Table HI). 
When medical record data from the second phase of. 
the population comparison were used to also control 
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Table II. Incidence and relative risk of hospital admission for menstrual disorders in sterilized women 
compared to nonsterilized women from the general population and spouses of men with vasectomies 








General population comparison 


Nonsterilized cohort 340 

Sterilized cohort 282 
Vasectomy spouse comparison 

Vasectomy spouse cohort§ 164 

Sterilized spouse cohort|| 153 


No. of women with 
admission for 
menstrual disorder 










Incidence* Relative riskt 


92,469 367 Referent 
29,521 l 955 2.4 (2.0-2.9) 
20,107 816 Referent 
14,291 1071 1.6 (1.3-2.1) 


*Hospital admission for menstrual disorders per 100,000 woman years. 
tAdjusted for age (continuous) and duration of Group Health Cooperative enrollment at reference date. Numbers in parentheses 


are 95% confidence intervals. 
tp < 0.001. 
§Nonsterilized wife of man with vasectomy. 
Married woman with tubal sterilization. 


Table ITI. Risk of hospital admission for menstrual disorder after tubal sterilization according to age 


relative to nonsterilized women in population comparison 


Sterilized women (n = 7253) 


Age Admissions Person Admissions Person 
(yr) (No.) years (No.) years 
15 9 


Nonslerilized women (n = 25,448) 


Relative risk? 


20-24 1,554 5,118 6.1 (1.9-19.6) 
25-30 71 6,840 39 20,409 5.0 (2.9-53.2) 
31-34 107 10,528 106 30,701 2.9 (2.1-30.0) 
35-39 57 6,952 107 21,992 1.7 (1.2-18.0) 
40-44 25 2, 921 73 11,840 1.3 (0.8-14.0) 
45-49 7 616 13 2,409 1.7 (0.7-21.2) 
pi <0.005 


*Reference date and duration of Group Health Cooperative membership at reference date were controlled for. Numbers in 


parentheses are 95% confidence intervals. 


tp Value refers to likelihood that all relative risks are the same across age groups. 


for potentially confounding factors (marital stazus, his- 
tory of prior menstrual disorders, gravidity, and prior 
contraception) the adjusted risk of hospitalization for 
menstrual disorders declined to 1.5 (95% confidence 
interval 0.72 to 3.2 p > 0.20) and was no longer statis- 
tically significant (Table IV). Gravidity was strongly re- 
lated to hospitalization for a menstrual disorder 
(p < 0.01). 
_ Sterilization procedures were analyzed individually. 
With unipolar procedures the risk of hospitalization for 
menstrual disorders increased 2.1 times (95% confi- 
dence interval 1.4 to 3.2), with bipolar procedures the 
risk increased 2.3 times (95% confidence interval 1.5 
to 3.4), with other interval procedures the risk in- 
creased 3.8 times (95% confidence interval 2.8 to 5.1), 
and with postpartum methods the risk increesed 2.6 
times (95% confidence interval 1.6 to 4.1). However, 
differences between sterilization procedures in risk of 
hospitalization for menstrual disorders were not statis- 
tically significant (p > 0.25). 

At the first hospitalization for menstrual disorders, 


the ratio of women submitted directly (i.e., without pre- 
ceding curettage) to hysterectomy was 1.6 times greater 
in the tubal sterilization cohort compared with the non- 
sterilized, general population cohort (Fig. 1). Among 
women who were hospitalized for menstrual] disorders, 
in the sterilized cohort 68% (191/282) had curettage 
as initial treatment versus 75% (255/340) from the gen- 
eral population cohort. When all hospitalizations for 
menstrual disorders were considered (after the pa- 
tient’s first hospitalization), hysterectomy was eventu- 
ally included in the treatment of 43% (121/282) of 
women from the sterilized cohort who were hospital- 
ized for menstrual disorders compared with 38% 
(129/340) of nonsterilized women for the general pop- 
ulation cohort. 

In the spouses’ comparison, sterilized spouses had 
higher rates of hospitalization for menstrual disorders 
than did vasectomy spouses: 1071 versus 816 (per 
100,000 person years), respectively (p < 0.001). The 
corresponding relative risk associated with sterilization 
was 1.6 (95% confidence interval 1.3 to 2.1, p < 0.001) 
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- Table IV. Multivariate population comparison medel*} (based on matched? pairs of sterilized and 
nonsterilized women) to evaluate risk of hospitalization for menstrual disorders after adjustment for 
potential confounding variables | 





Married or living with someone 


Yes a l 0.0 — 

No i 0.65 . 0.80 
History of menstrual disorder . ` 

No E 0.0 pami 

Yes . 14: 0.70 
Gravidity 

0 0.0 — 

l Tel 1.4 

2 2.5 1.5 

3 or 4 2.7 1.4 

>5. 4.4 1.6 . 
Prior contraceptive method 

None l l 0.0 — 

Oral contraceptives ! 0.33 0.71 

Intrauterine contraceptive : =b 13 

device ? 

Other | ; - 1.4 -> 0.79 
Tubal sterilization | 

No l > 0.0 — 

Yes - 0.41 i 0.38 


~ Slope Standard error Relative 
(B) of slope risk 









95% confidence 





interval Significance 
p > 0.05 
1.0 — 
1.9 0.40-9.2 
p < 0.01 
1.0 — 
4.0 1.0-15.8 
p< 0.01 
1.0. — 
3.0 0.2-45.4 
12.6 0.70-232 
14.9 1.0-229 
78.7 3.2-1950 
p < 0.05 
1.0 — 
1.4 0.35-5.6 
0.34 0.02-4.6 
4.1 0.86-19.3 
p > 0.20 
1.0 — 
1.5 0.72-3.2 


*This was a matched (conditional).logistic regression model based on analysis of 64 matched pairs, each containing one sterilized 
woman and one nonsterilized wornan. One woman in each pair was hospitalized for menstrual disorders and one woman was 


not. (See text for explanation of sampling procedures.) . 


Matching variables were age, reference date (1977 to 1981/1982 to 1983), and duration (1-year intervals) of Group Health 


Cooperative membership at sterilization or reference date. 


tp Value for exposure tests a difference in risk across categories (based on deviance test). 


(Table II). The increase in hospitalizations for men- 
strual disorders did not vary substantially with age cat- 
egory or duration of follow-up. After adjustment for 
potentially confounding factors (history of prior men: 
strual disorder, gravidity, and prior contraception) in 
the nested case-control study, women with their first 
hospitalization for menstrual disorder were 2.0 ‘times 
(95% confidence interval 1:2 to 3.4, p< 0.01) more 
likely to have been sterilized (Table V). 

At first hospitalization for menstrual disorders ir. the 
spouses’ comparison, the ratio of women submitted di- 
rectly to hysterectomy was 1.5 times greater in sterilized 
spouses’ cohort compared with vasectomy spouses (Fig. 
2). Among women who were haspitalizéd for menstrual 
‘disorders, 67% (102/153) of sterilized spouses hac cu- 
rettage as initial treatment versus 79% (129/164) of 
vasectomy spouses. Hysterectomy was included in the 
eventual treatment of 59% (91/153) of sterilized 
spouses with hospitalization for menstrual disorder 
compared with 45% (73/164) of vasectomy spouses. | 

In the multivariate models for both the general ‘pop- 
ulation comparison and the sterilized spouse compar- 
ison, adjustment for potential confounders indicated 
an inverse relationship between age and risk of hos- 
pitalization for menstrual disorders. Regardless of the 


cohort, sterilized women between 20 and 29 years of 
age had the greatest risk for hospitalization for men- 
strual disorder. 


Comment 


We found that sterilized women are at increased risk 
of subsequent hospitalization for menstrual disorders. 
The increased’ risk has at least three possible expla- 
nations. (1) Tubal destruction interferes with the uter- 
oovarian blood flow and results in altered ovarian hor- 
mone production leading to menstrual irregularity.”° 


_ (2) Women who elect tubal sterilization for contracep- 


tion are inherently greater users of other elective gy- 
necologic surgeries (e.g., curettage, hysterectomy). (3) 
After reproduction is no longer possible, physicians 
and their patients are more inclined to choose hyster- 
ectomy as management for menstrual disorders.” 
Under the hypothesis that impaired uteroovarian cir- 
culation results in altered estrogen production and 
menstrual disturbance,” unipolar fulguration, which 
disrupts more of the mesosalpinx than other steriliza- 
tion techniques,'* would be expected to have a greater 
risk of menstrual disturbance than other sterilization 
methods. However, our results indicated that the risk 
of menstrual disturbance was lowest among women 
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Tubal Sterilization Cohort 
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` General Population Cohort ; 


BE / (n=282) \ | / . (0=340) \ 
68% 2% 9% 15%. 14% 10% j 
< . D&C Hysterectomy Non-Surgical D&C Hysterectomy Non-Surgical 

(n=191) ”(n=66) ` ‘(n=25)  — (m=255)  (m=50) (n=35) 
` Hysterectomy Hysterectomy 
at Later Admission at Later Admission _ 
(n=55) : (n=79) p 


. Fig. 1. Comparison of hospital management of menstrual disorders in general population. 


- Table V. Multivariate spouses comparison model* (based on married women ‘with tubal sterilization 
compared with nonsterilized women with vasectomized: spouse) to evaluate the risk of hospitalization for . 
menstrual disorders after adjustment for potential confounding variables l 






Variable 


History of menstrual disorder 


No 0.0 
Yes 0.91 
Gravidity$ 0.048 

Prior contrabepHve method 
None 0.0 
Oral N i 0.42, 
Intrauterine contraceptive device — 0.28 
Other ~ 0.056 
Tubal sterilization 
No ; 0.0 
Yes 0.71 


0.26 





1.4, 4.5 
0.88, 1.2 


74, 3.2 
25, 2.2 
42, 2.1] 
p < 0.01 
1.2, 3.4 


#This was an unmatched (unconditional) logistic regression model based on analysis cf 105 women who were hospitalized for 
menstrual disorders and 205 women who were not. Age and duration of Group Health Cooperative membership were also entered > 
as variables, but for concisensss the results are not listed. (See text for explanation of sampling procedures.) 


tp Value for exposure tests difference in risk across categories (based on deviance test). 


Coded as continuous variable (i.e., 0, 1, 2, 3, etc.). 


with unipolar sterilization compared with other steril- 
ization methods. Thus on the basis of our data an in- 


crease in menstrual disturbance related to interference — 


with the uterotubal circulation seems unlikely. 

Our data were insufficient to determine patients’ un- 
derlying likelihood (or preference) for elective surgery. 
Preference for elective gynecologic surgical treatment 


could prompt elective surgery (by tubal sterilization) . 


for contraception and elective surgery (by curettage or 
hysterectomy) for treatment of menstrual disorders. 
Similarly, other women may have a preference for non- 
surgical contraception and nonsurgical treatment of 
menstrual disorders. Because ‘couples choosing per- 


manent contraception by vasectomy (rather than by fe- ` 


male sterilization) are relatively adverse to elective gy- 
necologic surgery, preference for nonsurgical treat- 
ment. would probably have had the greatest effect on 
the results from the spouses’ comparison. In our re- 
sults, the adjusted risk of hospitalization for menstrual 
- disturbance after sterilization was only slightly greater 
in the spouses’ comparison relative to the population 


t 


comparison.’ Shain et.al. found that women whose 
husbands have undergone vasectomy are more likely 
than married women with ‘tubal sterilization ,to be es- 
pecially fearful of reproductive surgery. 

Scott’! suggested that because future pregnancy is 
nota consideration after tubal sterilization, patients and 
physicians are more likely to choose elective hysterec- 
tomy as treatment for gynecologic problems such as 
menstrual disorders. In our study, among women with 


‘their first hospitalization for menstrual disorders, 23% 


inthe sterilized cohort and 24% in the sterilized spouses 
cohort were submitted directly to hysterectomy, versus 
14% from the general population cohort and 16% from 


-the vasectomy spouse cohort (Figs, 1 and 2). This prac- 


tice difference is consistent with Scott’! and suggests 


that patients’ and physicians’ views regarding the re- 


duced need to preserve reproductive potential may 
have contributed to the increase in hospitalization 
for menstrual disorders we observed after tubal ster- 
ilization. 

‘At least two sources of bias may have affected our 
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Vasectomy Spouses’ Cohort 


fs \ 





67% 24% 10% 719% 16% 5% 
D&C Hysterectomy Non-Surgical D&C Hysterectomy Non-Surgical 
(n=102) (n=36) (n=15) (n=129) (n=27) (n=8) 
Hysterectomy Hysterectomy 
at Later Admission at Later Admission 
(n=55) (n=46) 


Fig. 2. Comparison of hospital management of menstrual disorders in the sterilized spouses. 


results. First, because our data did not include the med- 
ical records of patients before enrollment in Group 
Health Cooperative, we probably included some 
women with prior tubal sterilizations in the nonsteril- 
ized cohorts. This bias (if present) would reduce the 
magnitude of our estimate of the risk of menstrual 
disorders. Alternatively, if women with prior hyster- 
ectomy were included in the nonsterilized cohorts, the 
risk of menstrual disorder would have been overesti- 
mated by our study. Second, because ours was nct a 
randomized trial, we cannot exclude the possibility that 
residual confounding affected cur results. 

Most studies that compared menstrual events of ster- 
ilized and nonsterilized women suggest an increased 
risk of menstrual disorders afte> tubal sterilization." 
These prior studies did not use hospitalization as an 
outcome, and they are troubled by limited follow-up 
time and the possibility of reporting bias because 
they are based on data from self-reported question- 
naires.'*!” In one study” that found an association be- 
tween tubal sterilization and menstrual disorders, there 
was no significant difference between the two groups 
in self-reported physician visits for menstrual prob- 
lems, and the increase occurred chiefly among women 
with preexisting menstrual disorders. Women with 
prior hospitalization for menstrual disorders were ex- 
cluded from our study. 

Because the outcome of our study was hospitaliza- 
tion, it is doubtful that our data can be applied to lesser 
changes in menstruation that do not warrant hospital- 
ization. Nonetheless, studies'* ° of reported menstrual 
flow before and after sterilization are consistent with 
our findings that do not suggest a definite effect of the 
sterilization procedure itself. In the single study” that 
actually measured menstrual blood, no difference was 
found before and after tubal sterilization. 

In summary, a direct risk of severe menstrual dis- 
orders resulting from tubal steriization has little sub- 
stantial support in our data. Increased tubal destruction 
associated with unipolar sterilization was not associated 
with increased risk for hospitalization for menstrual 


disorders. The increase in risk we observed was subject . 
to bias resulting from women’s underlying preference 
for, or against, elective surgical care. Direct submission 
to hysterectomy (rather than curettage or medical treat- 
ment) for a larger proportion of women hospitalized 
for menstrual disorders after tubal sterilization sug- 
gested physician (or patient) preference for hospital- 
ization and hysterectomy (vs nonsurgical treatment) 
when maintenance of reproductive potential was no 
longer an is¢ue in the treatment of menstrual disorders. 
We conclude that, although sterilized women are 
hospitalized more frequently for menstrual disor- 
ders, this finding may be explained by factors other 
than a biologic effect of the sterilization procedure 
itself. 
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Discussion 


Dr. ROBERT IsRAEL, Los Angeles, Californiz. In 1951 
Williams et al.' from Vanderbilt University published 
the first article on the possible relationship between 
tubal sterilization and subsequent abnormal uterine 
bleeding. They reported on the incidence of abnormal 
uterine bleeding in 200 women who had undergone 
prior tubal ligation compared with a group of non- 
sterilized women. Although the incidence of subse- 
quent menorrhagia in the sterilized patients was similar 
to that in a randomly selected control grovp of hos- 
pitalized gynecology patients, the authors concluded 
that somehow women who have had a tubal sterilization 
later have a higher percentage of abnorma. bleeding 
than would be expected “in the general ferrale popu- 
lation.” They concluded that, “in view of the very low 
mortality and morbidity resulting from simple hyster- 
ectomy in the absence of distortion of pelvic anatomy,” 
hysterectomy rather than tubal sterilization should be 
considered “in those individuals with chroric or pro- 
gressive diseases warranting destruction o7 their re- 
productive function. Procedures short of hy:terectomy 
preserve only the menstrual function of the uterus and 
leave an organ that is, as far as is known, not only 
worthless but potentially dangerous.” The study was 
retrospective, lacked appropriate matched controls, 
and ignored any preexisting menstrual disturbances in 
the sterilized women but did use life-table enalysis. As 
you have just heard from Dr. Shy and the Seettle group, 
in the intervening 40 years we have become more sta- 
tistically correct and much more circumspect in our 
conclusions. 

Irregular cycles, menometrorrhagia, and dysmen- 
orrhea occurring after tubal sterilization have been es- 
poused as the leading representatives of the dreaded 
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“posttubal syndrome.” However, in spite of the 40 years 
from Williams to Shy, the question of whether tubal 
sterilization increases the risk of subsequent menstrual 
disturbances remains unsolved. The failure to defini- 
tively answer this question revolves around many con- 
founding factors: (1) Obtaining an accurate, long-term, 
prior menstrual blood flow and cycle regularity history 
from patients is subject to’ significant recall bias; (2) 
discontinuing oral contraceptives coincident with the 
surgery may be the culprit in many instances rather 
than the operation itself; (3) many women will expe- 
rience menstrual disturbances over time trrespective of 
whether a tubal sterilization was performed. It is be- 
coming apparent, from the myriad number of studies 
that have attempted to look at the “posttubal syn- 
drome,” that if menstrual disturbances occur after tubal 
sterilization, they may take quite a while to develop and 
are more likely to occur in women who had abnormal 
presterilization menstrual histories. In addition to long- 
term, post-tubal-sterilization follow-up studies that in- 
clude office or clinic visits for abnormal uterme bleed- 
ing and hospital admissions, there is a definite need for 
studies in which women have both presterilization and 
poststerilization hormonal determinations carried out 
to see 1f disturbances occur that may affect subsequent 
ovulatory function, 

As with the Seattle group’s earlier article,’ this effort 
is well done, well written, statistically overwhelming, 
and provocatively appealing in its conclusions. First, 
women who elect tubal sterilization would be more 
likely to choose surgical treatment rather than medical 
therapy for any subsequent menstrual disorders. Sec- 
ond, these previously sterilized women, and their doc- 
tors, are more inclined to select hysterectomy for de- 
finitive relief. 

' Finally, I would like to compliment the authors for 
their honesty in clearly delineating the key deficiencies 
in the study. The failure of the automated data base to 
contain factors such as gravidity and prior contracep- 
tion did eliminate an important area, the assessment of 
confounding variables. As they noted, with the non- 
randomized nature of the study they could not exclude 
the possibility that the absent residual confounders ad- 
versely affected the overall results. In the 40 years that 
have passed since the Vanderbilt article, it is obvious 
that our research has become more sophisticated and 
our statistical designs more discriminating. With the 
passage of time and the improvement of scientific meth- 
ods, these trends might have been expected. What 
might not have been anticipated is what Shy et al. have 
demonstrated so beautifully today—that even a neg- 
ative study can be presented with unassuming integrity 
without resorting to the hyperbolic conclusions of the 
1951] article. 
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Dr. DUNCAN R. NEURON, Portland, Oregon. Dr. Shy, 


_oral contraceptives reduce the frequency of menstrual 
abnormalities. How many patients in the control group 
were taking oral contraceptivesr Did you compare the 
poststerilization patients with controls not using oral 
contraceptives? | 
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Dr. SHY (Closing). Dr. Neilson, contraceptive histo- 
ries are: complex. We could have controlled for the 
contraceptive method in use just before the sterilization 
procedure. We chose, however, to control for the con- 


traceptive method in use 6 months before sterilization : 


because that seemed more relevant. In the analysis, 
when we stratified for contraceptive method used be- 


fore sterilization, there was no modification in the con- 


clusions. 
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Early amniocentesis: Outcome, risks, and technical problems 


at =<12.8 weeks 


Frederick W. Hanson, MD, Frances Tennant, PhD, Stacy Hune, MS, and 


Karen Brookhyser, MS 


Davis, Cahiforma 


OBJECTIVE: It is the purpose of this report to evaluate our experience with amniocentesis at =12 weeks’ 


gestation. 


STUDY DESIGN: Medical records of 936 patients at =12.8 weeks’ gestation undergoing genetic 
amniocentesis between Oct. 1, 1986, and June 30, 1990, were evaluated for gestational age, indication, 
frequency of needle insertion, amniocentesis complications, and pregnancy outcome. 

RESULTS: There were seven miscarriages within 2 weeks of amniocentesis (0.7%), 21 miscarriages 
before 28 weeks (2.2%), and four stillbirths or neonatal deaths (0.4%), resulting in a total postprocedural 
loss rate of 3.4%. There were 26 chromosomally abnormal fetuses (2.8%). The spontaneous abortion rate 
in ultrasonographically normal pregnancies at <14 weeks, not undergoing amniocentesis, has been 


estimated at 2.1% to 3.2%. 


CONCLUSION: Amniocentesis at 12 weeks is a viable option for patients desiring earlier prenatal genetic 


diagnostic information. (Am J OBSTET GYNECOL 1992; 166:1707-11.) 


Key words: Early amniocentesis, miscarriage, amniotic fluid leakage 


The prenatal diagnosis of chromosomal and bio- 
chemical abnormalities and neural tube defects is now 
a routine part of obstetric management. We can now 
offer patients a spectrum of diagnostic procedures 
commencing at 8 weeks’ gestation including chorionic 
villus sampling, early amniocentesis, and standard am- 
niocentesis. 

Our first report concerning early amniocentesis ap- 
peared in 1987' and outlined our outcome, risk, and 
technical problem experience. This was followed by a 
second report, presented in 1989 and published in 
1990, that included continuous ultrasonographic guid- 
ance as a routine procedure for early amniocentesis. 
This report was criticized for a paucity of procedures 
performed at <12 weeks, with a recommendation for 
the publication of such data in the future to address 
that deficiency. 

It is the purpose of this report to evaluate our ex- 
perience with amniocentesis at =12 weeks. 


Methods 
The University of California, Davis prenatal diag- 
nosis program has been previously described.'* Since 
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the inception of the program in 1976, >20,000 amnio- 
centesis procedures have been performed, with more 
than 3000 of them before 15 weeks’ gestation. The 
majority of these procedures have been performed by 
F.W.H. During the period of time covered by this report 
(Oct. 1, 1986, to June 30, 1990) 8165 amniocentesis 
procedures were performed. Each year 18% to 26% of 
the total was performed because of abnormalities of 
maternal serum a-fetoprotein levels detected as part of 
the California Maternal Serum Alpha-Fetoprotein 
Screening Program. 

The data were evaluated for amniocentesis indica- 
tion, gestational age at the time of amniocentesis, fre- 
quency of needle insertion, amniocentesis complica- 
tions, and pregnancy outcome. For comparison with 
previously published studies, pregnancy loss data were 
divided into the following categories: =2 weeks after 
amniocentesis, =28 weeks’ gestation (miscarriage); =28 
weeks’ gestation (stillbirth), and neonatal death (within 
1 week of birth). Loss data were further evaluated as 
to possible or probable causal relationships to amnio- 
centesis. 

The amniocentesis technique used in our program 
has been previously described.'* Continuous ultrason- 
ographic monitoring has been routinely used since Oct. 
I, 1986, to guide needle placement and monitor fetal 
movement during amniocentesis. We use an ATL Ul- 
tramark 4 ultrasonography machine (Advanced Tech- 
nology Laboratories, Bothell, Wash.) for this purpose. 
A 22-gauge spinal needle is routinely used, with re- 
moval of approximately 1 ml of amniotic fluid (maxi- 
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Table I. Indications for amniocentesis 


No. of 
patients % 


Indication 


Maternal age 806 91:7 
Family history or prior 36 4.1 
child with chromo- 
some abnormality 
Maternal anxiety 24 27 
Family history or prior 5 0.6 
child with neural 
tube defect 
Prior child with multi- 2 0.2 
ple congenital ab- 
normalities 
Fetal abnormality on 2 0.2 
ultrasonography 
Other 2 0.2 
TOTAL 879 100.6 





Excludes 57 patients from Oct. 1, 1986, to Sept. 30, 19&7. 


Table II. Gestational age at time of 
amniocentesis on basis of biparie:al 
diameter measurements 







Biparietal 
diameter 






Gestational 





(cm) age (wk}* 

2.2 12.8 249 27.5 
21 12.5 238 27.1 
2.0 12.2 172 19.6 
1.9 11.9 88 10.0 
1.8 11.6 75 8.5 
1.7 11.3 38 4.3 
1.6 11.0 13 1.5 
1.5 10.7 9 1.0 
1.4 10.4 4 0.5 


Excludes 57 patients from Oct. 1, 1986, to Sept. 30, 1987. 
*Weeks since last menstrual period + 1 week. 


muri 18 ml) for each week of gestational age, which is 
based on the measurement of fetal biparietal diameter. 

Amniotic fluid is cultured with the in situ technique 
of Peakman.* Fifteen clones and five karyotypes were 
usually examined, analyzed, and reported. The expe- 
rience of our cytogenetic laboratory in the culture of 
amniotic fluid from 10 to 14-week pregnancies has been 
reported.* The mean culture time is 8.8 days (SD 1.5 
days). 


Results 


The demographic data of the study population were 
not different when compared with those published in 
our previous studies. The indications for amniocen- 
tesis are seen in Table I. 

A total of 8165 amniocenteses was performed during 


*David Peakman and Associates Reoroductive Genetics 
Center, P.C., Denver, Colo. 
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Table III. Frequency of needle insertion 


No. of 
insertions Frequency % 
l 852 96.9 
2 26 3.0 
3 J 0.1 


Excludes 57 patients from Oct. 1, 1986, to Sept. 30, 1987. 


Table IV. Complications within 2 weeks of 


early amniocentesis 
No. of 
patients % 


Complication 
None 914 97.6 
Fluid leakage 10 1.1 
Miscarriage <2 wk 7 0.7 
Bleeding 4 0.4 
Cramping J 0.1 


the study period, including those performed because 
of abnormal maternal serum a-fetoprotein levels. Only 
patients with viable singleton pregnancies were in- 
cluded in this study. All preamniocentesis fetal deaths 
and multiple gestations were excluded from this study. 
There were 936 amniocenteses (performed at =12.8 
weeks since the last menstrual period) that met these 
criteria, and they represent 11.5% (936/8165) of the 
total. The patient distribution by gestational age (as 
determined by biparietal diameter) is demonstrated in 
Table II. With the exception of three patients in 1990, 
all amniocenteses were performed by the same 
operator. 

The frequency of needle insertion is demonstrated 
in Table III. A total of 96.9% (852/879) were success- 
fully performed with a single needle insertion. In one 
patient a retap was done because of inadequate cell 
growth, and subsequently the pregnancy was lost. 

The volume of amniotic fluid removed varied from 
10 to 18 ml. We have previously shown that the volume 
of amniotic uid removed does not appear to influence 
an adverse pregnancy outcome.° 

Table IV shows the number of patients who had com- 
plications within 2 weeks of amniocentesis. Of all the 
patients 97.6% (914/936) did not experience problems. 
Seven patients or 0.7% (7/936) had an unanticipated 
pregnancy loss within 2 weeks of amniocentesis. 

Ten patients (1.1% of the total) had amniotic fluid 
leakage of several days’ duration after amniocentesis. 
The pregnancy outcomes for the 10 patients with am- 
niotic fluid leakage are seen in Table V. Four patients 
representing 40% (4/10) of the total number experi- 
encing leakage after amniocentesis lost the pregnancy, 
and six patients or 60% (6/10) experienced term de- 
liveries. 
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Table V. Pregnancy outcome in patients with amniotic fluid leakage 





Gestational 
age (wk) 


Complications before 
amniocentesis 












Pregnancy outcome 


l Bea s ' None - Normal term vaginal delivery 

2 12.5 None’ Normal term vaginal delivery 

3 12.5 Severe spotting and cramping ` Fetal death =2 wk 

4 12.8 None Fetal death =2 wk 

5 12.2 None Normal term vaginal delivery 

6 12:2 ; None Fetal death =2 wk 

7 12.2 None Normal term vaginal delivery i 
8 12.5 None Normal term vaginal delivery 

9 12.5 None Fetal death =2 wk 
10 11.8 None Normal term vaginal delivery 


Pregnancy outcome for all patients included in this 
study is listed in Table VI. A total of 92.4% (865/936) 
of patients were delivered of a normal child. No pa- 
tients were lost to follow-up. 

Six patients (0.6%) were seen with a variety of ab- 
normalities, such as cleft lip or palate, club foot, and 
hydrocephalus, that were not detected prenatally. 
These were of insufficient frequency to rate placement 
in individual categories. Unlike our previously pub- 
lished studies,'* no patients with fetal death before am- 
niocentesis were included in this study. 

Twenty-six patients (26/936) or 2.8% had fetuses 
that were structurally or chormosomally abnormal and 
chose to terminate their. pregnancies. 

Thirty-two patients representing 3.4% (32/936) of 


the total experienced: losses at some point after the . 
amniocentesis. Seven (0.7%) of the total (7/936) ex- 


perienced a loss within 2 weeks of amniocentesis. 
Twenty-one or 2.2% (21/936) experienced a loss be- 
tween 2 and 28 weeks after amniocentesis. There were 
four or 0.6% (4/936) stillbirths or neonatal deaths. 

Four of the seven patients with losses within 2 weeks 
of amniocentesis experienced amniotic fluid leakage. 
One of these patients had two prior spontaneous abor- 
tions and severe cramping and bleeding for 2 weeks 
before the amniocentesis. Retrospectively, amniocen- 
tesis probably should have been delayed in this patient. 
No other preamniocentesis factors were identified. to 
account for these losses. 

Evaluation of the losses occurring >2 weeks and <28 
weeks (21 patients) revealed that 14 patients had one 
or more normal visits to their referring physicians be- 
fore documentation of the loss. Other complicating fac- 
tors such as omphalocele, diabetes, preamniocentesis 
bleeding, chromosomal mosaicism, or umbilical cord 
accident could also be identified in these patients. Seven 
patients did not have any plausible factor identified to 
indicate that the loss was not procedure related.. 

The overall loss rate of desired pregnancies in this 
study was 6.2% (58/936). This percentage represents 


a summation of those losses occurring after ammnio- — 


Table VI. Pregnancy outcome for 936 patients 
undergoing amniocentesis at =12.8 weeks 


No. of 
patients % 


Normal fetus 865 92.4 

Fetus abnormal— 26 2.8 
pregnancy ter- 
minated 

Miscarriage =28 21 22 
weeks’ ges- 
tation 

Premature deliv- 4 0.4 
ery, <35 weeks 
gestation 

Miscarriage at =2 7 0.7 
weeks after am- 
niocentesis 

Sullbirth cr neo- 4 0.4 
natal death 

Abnormal child 6 0.6 
not detected 
prenatally 

Small-for-gesta- l l 0.1 
tional-age 
infant ' 

Other 2 0.2 


Outcome 


centesis (n = 28), stillbirth or neonatal deaths (n = 4), 
and elective termination of abnormal pregnancies 
(n = 26). 


Comment 


A variety. of prenatal diagnostic procedures, includ- 
ing traditional:amniocentesis (15'to 18 weeks), earlier 
amniocentesis (<15 weeks), and chorionic villus 
sampling (8 to 12 weeks), are now available to obstet- 
ric patients. Numerous reports have been generated 
with regard to the safety and hazards of these proce- 
dures.’ *9 Fetal loss rates for amniocentesis have 
ranged from a low of 0.3%? to 2.8%.° A combined loss 
rate for desired pregnancy (spontaneous and missed 
abortion, termination of abnormal pregnancy, still- 
birth, and neonatal deaths) of 7.2% has been reported 
for chorionic villus sampling.’ Their amniocentesis 
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control group had a 5.7% loss rate. Adjustment of data 
led to the conclusion that a 0.8% difference in loss rate 
existed for the-two groups and favored amniocentesis. 

Our center has previously published a 4.4% figare 
for loss of desired pregnancies when amniocentesis was 
performed at <15 weeks’ gestation.* That study was 
criticized for being heavily weighted with patients who 
were at 13 and 14 weeks’ gestation. A comparable figure 
for this study is 6.2%, : 

There are now other studies in the literature eval- 
uating early amniocentesis. Elejalde et al.' reported the 
loss of four of 77 (5.2%) fetuses <13 weeks within 2 
weeks of amniocentesis. Nevin et al.'? in a small series 
lost no fetuses between 9 and 12 weeks (N = 25). Ben- 
acerraf et al. reported no losses in 100 patients at <15 
weeks after a 5-week follow-up period. 

The establishment of a procedural risk factor for 
comparison with other studies and for patient coun- 
seling is important yet difficult. All prenatal diagnostic 
precedures are’ performed against a certain back- 
ground of spontaneous abortion The earlier a pro- 
cedure is performed, the higher is that loss rate and 
the longer is the opportunity for subsequent sponta- 
neous loss. Lack of physician experience, poor repro- 
ductive history, and increasing patient age have all been 
shown to be possible factors in increased loss rates. 


It has generally been accepted that 15% to 20% oz 


recognized pregnancies result in spontaneous abortior 
before 20 weeks’ gestation. Liu et al.“ reported an over- 
all 2.7% spontaneous abortion rate in pregnancies 
found to be ultrasonographically normal before 14 
weeks, with 1.5% occurring before 16 weeks’ gestation. 
A higher loss rate was seen in primigravid patients 
(1.8%) and threatened abortion patients (38%). Gil- 
more and McNay” and Wilson et al.’® reported similar 
findings with an overall loss rate of 2.1% and 2.13%, 
respectively. The 1976 National Institute of Child 
Health and Human Development study demonstrated 
a 3.2% spontaneous abortion loss rate in their control 
group of women matched for race, gravidity, and 
income.” 

Our overall loss rate of ultrasonographically normal 
pregnancies was 3.4% (32/936). If one accepts a back- 
‘ground loss rate of 2.1%, we are left with a difference 
of 1.3%. At least 2% (n = 19) of the losses (four still- 
births or neonatal deaths, 14 losses >2 weeks after the 
procedure, and one before 2 weeks) had one or more 
documented normal visits with their referring obste- 
trician or another possible cause of the loss. Evaluation 
of these data would suggest that in experienced hands 
amniocentesis at =12.8 weeks may have only a slightly, 
if any, increased risk of loss when compared with stan- 
dard amniocentesis. | 

Technically, continuous ultrasonographically guided 
early amniocentesis is easy to perform. The experi- 
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enced physician will reschedule those patients who have 
ammion-chorion separation and seemingly no available 
area of amnion attachment to the uterine wall, because 
they are more likely to subsequently have a leakage of 
amniotic fluid. Obesity, recent bleeding and cramping, 
a retroverted uterus, bladder or bowel superimposition 
over the uterus, and decreased fluid volume are also 
reasons to consider rescheduling amniocentesis in some 
patients. 

In summary, it would appear that amniocentesis at 
12 weeks is a viable option for patients desiring earlier 
prenatal genetic diagnostic information. 


We thank Mrs. Sherry Stroud for assistance in data 
collection and compilation and in manuscript prepa- 
ration. 
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Discussion 


Dr. GERALD M. SHEFREN, Palo Alto, California. In 
1989 Dr. Hanson presented to this society a series of 
ultrasonographically guided early amniocenteses in sin- 
gleton pregnancies. In that series of 308 patients only 
70 were listed as being <13 weeks’ gestation. In the 
series presented the authors have retrospectively re- 
viewed 936 patients of <13 weeks’ gestation among 
8165 amniocentesis procedures performed from 1986 
to 1990. Dr. Hanson is to be congratulated, for this 
represents by far the largest series reported of first- 
trimester amniocenteses. 

Comparison of these two reports shows a lower com- 
plication rate in the larger series reported here and 
only a slightly higher rate than in the midtrimester 
group when corrected for spontaneous background 
loss. Miscarriage within 2 weeks of the procedure 
dropped from 1.7% to 0.7%. Total procedural losses 
decreased from 4.7% to 3.4%. Success with first needle 
insertion increased from 88.5% to 97%. It seems clear 
that even experienced operators with midtrimester am- 
niocenteses will have higher complication rates at first 
and lower rates as they gain experience. 

One interesting difference was seen in the outcomes 
of patients experiencing fluid loss after the procedure. 
In the first series only one of eight had a fetal death. 
In this latest series four of 10, or 40%, of those with 
leakage of amnionic fluid experienced a fetal death 
within 2 weeks. This comparison appears to carry a 
much graver prognosis in first-trimester amniocenteses 
than it does in the midtrimester. 

If the safety and accuracy of diagnosis can be assured 
with early amniocentesis, it would clearly invite obste- 
tricians and their patients to consider it in place of 
chorionic villus sampling. At this time there are 
>60,000 patients who have undergone chorionic villus 
sampling worldwide. There have been several inter- 
national multicenter, prospective, randomized studies 
published. Many, like the Medical Research Council 
report, compared chorionic villus sampling with mid- 
trimester amniocentesis. Most studies showed some in- 
creased risk of chorionic villus sampling over mid- 
trimester amniocenteses of 1% to 2% in total pregnancy 
losses. However, accuracy in detecting mosaicism, false- 
positive and false-negative rates, and the ability to mea- 
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. sure a-fetoprotein and acetyl-cholinesterase clearly fa- 


vor amniocentesis. 

Comparing the results of the prospective randomized 
studies with the results presented by Dr. Hanson would 
be difficult, especially as they relate to patient selection. 
It seems possible that the patients in this report may 
have been selected as low risk by the referring obste- 
triclans or the patient herself simply because it was a 
nonstandard approach. 

I support the suggestion of other authors that until 
early amniocentesis is subjected to a large, randomized, 
prospective study the routine referral of patients for 
early amniocentesis seems premature. With that caveat 
in mind, the data in this series seem to support Dr. 
Hanson’s conclusion that early amniocentesis appears 
to be a viable option for patients seeking first-trimester 
genetic diagnosis. 

I have several questions. Do you have any data on 
the percentage of patients who would need to be re- 
scheduled for technical reasons if all amniocenteses 
were attempted at <13 weeks’ gestation? Because the 
mean amount of amniotic fluid is about 65 ml when 
most of the patients in your series underwent the pro- 
cedure and if one removes | ml per week of gestation, 
some patients would have an acute amniotic fluid loss 
of 20%. Have vou rescanned any of these patients over 
an extended time after the tap to see how long it may 
take to reaccumulate the lost fluid, if in fact it can be 
quantified at all? . 

Dr. BRUCE B. RoLr, Los Angeles, California. What 
about the six abnormalities you missed? 

Dr. HANSON (Closing). Dr. Shefren, because of our 
wide catchment area, we have some patients who trav- 
eled long distances and for them rescheduling is a real 
problem. Our rescheduling rate is <2% because our 
staff thoroughly screen the patients. If we know that 
the patient has a retroverted uterus or weighs >250 
pounds, we schedule the procedure later in pregnancy. 

In regard to amniotic volume, we have an unspoken 
agreement with the sonographers that if they see any 
change in amniotic cavity size, they tell me and I stop. 

Dr. Rolf, I left out all discussion of undiagnosed ab- 
normalities such as hydrocephalus and cleft lip and 
palate because we have discussed them in other articles. 
You would not expect to detect hydrocephalus before 
18 to 20 weeks and cleft lip and palate are difficult to 
detect at 12 weeks. To the best of my knowledge, no 
abnormality that should have been picked up was 
missed by ultrasonography associated with any of the 
early amniocentesis procedures I have reported. 
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-As Iset about planning this address, I reviewed many 
of the recent addresses given by our esteemed past 
presidents. They are generally :n one of three cate- 
gories: historic, scientific, or philosophic. They have 
nearly always been of a persona] nature, to a greater 
or lesser degree, revealing something of the inner char- 
acter of the speaker. Dr. Russell Malinak’s address last 
year was especially stirring and memorable. I recall one 
of our members asking me immediately after the talk 
whether I felt that: I could top it this year. Of course, 
I won’t be able to, and I won’t even try. But I hope at 
the end I will have given you some food for thought, 
and perhaps you'll also know a little more about me. 

My talk is more of the philosophic type, and I think 
it will reveal a little of how I think and what has become 
very important to me over the years. 

The title of this address is “Suffer the Little Chil- 
dren. ...” What do I mean by tha? I think that most 
of you are aware that this is from tae New Testament, 
the Gospel according to Mark, chapter 10, verse 14. 
“Suffer the little children to come unto me and forbid 
them not, for such is the Kingdom of God.” After 
preaching all day, Jesus is tired anc is resting and the 
little children in the area have come for his words and 
his blessing, and his disciples are trying to keep them 
from him so that he may rest. In this case, Jesus uses 
the term suffer to mean permit. He indicates that the 
children have a priority higher than any need that he 
may have for rest. Indeed, he indicates their helpless- 
ness and innocence in the words “for such is the King- 
dom of God.” 

I have used the word see ina double context in 
this address, because the children 1 in our world and in 
our country do suffer. And, of course, they are inno- 
cent. By now you are certainly aware that we have a 
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problem with infant mortality in this country and that 
it is a national embarrassment. The richest nation on 


_.earth, now the only super power, with the most ad- 


vanced medical technology, which spends 11%! of its 
gross national product on health care, ranks nineteenth 
to twenty-second? in the world in perinatal mortality. 
The most recent figures indicate that the overall peri- 
natal mortality in the United States in 1988 was 13.7.° 
This means that per 1000 live births 13.7 babies die 
either before or during birth or within the first 28 days 
of life after birth. In 1990 in the county in which I live 
the perinatal mortality rate was 13.0° overall and 21 4 


for blacks.* This is pathetic. 


So here we go again —another talk about perinatal 
mortality and America-bashing -because were doing 


_ such a lousy job. I’m sorry, but the problem is severe 


and must be kept in the public consciousness. But we’re 
not all that bad. We are doing some things to turn the 
problem around and we are making progress. But more 


- must be done. 


I know that you are concerned that this talk will be 
a reiteration of Dr. Malinak’s eloquent address fast 
year." You must forgive me for having chosen the same 
topic, but realize-that this has been my main area of | 
concentration for the past 7 years and I have thought 
long and deeply about this problem. I may cover some 
of the same ground, but I think you'll see that we have 
somewhat divergent views in the solution of the prob- 
lem and therefore I feel it merits exploration. In the 
long run I do not wish you to consider this a rebuttal ` 
of Dr. Malinak’s address but rather an exploration and 
possible expansion. 

While in the private practice of obstetrics and gy- 
necology for 20 years, I was aware that there was a 
perinatal mortality problem. But it was in the inner city, 
and although I frequently attended clinics in the inner 
city, | was not completely aware of how extensive and 
pervasive the problem was. It wasn’t that I didn’t care, 
it was that I was just unable to interact in a meaningful 
way. = 
Seven years ago, I undertook the chairmanship of 
an obstetrics and gynecology department in an inner- 
city public hospital. I was unprepared for what awaited. 
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The indigent and working-poor population hed been 
increasing — Nutrition was poor, disease of all kinds was 
rampant, and medical complications of pregnancy were 
numerous, Resources of all kinds were inadequate to 
meet these demands. The low-birth-weight rate at our 
hospital was 15% as compared with a national average 
of 6.9%. Then came Medicaid expansion and we were 
able to increase staffing and more actively apply our 
interventions, especially for so-called high-risk preg- 
nancies. But, in spite of all our efforts, the low-birth- 
weight rate remained at 15%. Consequently, we devel- 
oped the premise that risk assessment for pregnancy 
as it was done in most institutions was invald in our 
institution. It was our impression that the patients we 
called routine patients were, indeed, all at Aigh risk. 
With the support of a 2-year grant from Tre March 
of Dimes, we set about proving this premise. We studied 
300 routine patients in the study group against 300 
similar routine patients in the control group. The study 
group was intensively educated, with emphasis on 
things such as awareness of premature contractions, 
health and diet, and education regarding smoking, and 
drug and alcohol abuse. Socioeconomic problems were 
more intensely addressed. In other words the study 
group of routine patients was treated as high risk. 
Amazingly, the low-birth-weight rate in the routine 
study group, who had intensive prenatal care and ed- 
ucation, was 7.3%, whereas the rate in the so-called 
routine control group was 14.8%. Therefor2 a decrease 
of 7.5% in the low-birth-weight rate occurred.® Al- 
though it was a small study, the numbers were com- 
pelling and I was able to convince our hosrital director 
to increase our staffing of nurse practitiomers, nurses, 
health care educators, nutritionists, and sccial workers 
in our obstetric clinic so that we could intersify our care 
across the board for all of our patients. In Fanuary 1991 
we instituted this plan and look forward to a positive 
report on the results in the near future. 

But intensity of prenatal care is not the only answer. 
Prenatal care is carried on within the instxutional walls 
or doctors’ offices and does not address the problems 
of access, transportation, economics, and the social and 
psychologic difficulties of the patient population. Nor 
does it address the role of poverty— poverty rooted in 
habits and character traits—“behavioral poverty” 
George Will called it in his recent synd.cated column 
of Sept. 29, 1991.’ Nor does it address the teenage 
pregnancy problem and particularly the cultural sen- 
sitivity of our various racial and ethnic subgroups. Yet, 
in addition, we must also stress responsible parenting. 
Too long have we witnessed teenagers sring and bear- 
ing three or four children before age 20. Not only safe 
sex but responsible sex must be encouraged as in the 
American College of Obstetricians anc Gynecologists’ 
“I Intend” program. Finally, we must address the role 
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of government, industry, and the medical profession 
itself. 

In this country we tend to excuse our poor perfor- 
mance with perinatal mortality relative to European 
countries by stating that we’re comparing apples and 
oranges. Societies in Scandinavia, Germany, France, 
and England are all homogeneous, whereas in the 
United States we have a much more heterogeneous 
society composed of various cultures, ethnic back- 
grounds, and races. We somehow rationalize that this 
prevents adequate prenatal care and universal access 
to such care. The major difference is that in all of the 
European countries and in Japan universal access to 
prenatal care is not only available but mandated by the 
governments of these countries. 

In the 1989 report of the United States Public Health 
Service expert panel on “Content of prenatal care,” 
many factors that may affect perinatal mortality were 
cataloged.® Without going into great detail, these can 
be subdivided into medical disorders before pregnancy, 
such as hypertension and diabetes, and specific preg- 
nancy conditions or hazards, such as preeclampsia and 
infection. There also are psychosocial risk factors, in- 
cluding being a single parent, having a limited formal 
education, and living in poverty. This leads to the next 
item of socioeconomic status, which includes occupa- 
tion, education level, housing, income, marital status, 
and nutritional resources. Seldom considered but ex- 
tremely important are psychologic factors such as lim- 
ited maternal support networks and increased levels of 
stress because of pregnancy, emotional disorders, and, 
of course, pregnancy ambivalence. Increasingly, ad- 
verse health behaviors have contributed to perinatal 
mortality and these include, as we well know, drug and 
alcohol abuse and smoking. 

I submit that we can address the medical problems 
associated with pregnancy and are doing so within our 
institutions when we have early registration into the 
care system by our mothers. It is the socioeconomic and 
psychosocial factors and the cultural and ethnic factors 
that prevent us from applying our medical technology 
to the fullest with the expectation of good outcome. We 
must get out of the institutions and into the community 
to address these problems. We must begin education 
and provide resources to attract women not only to 
early prenatal care but even to preconception care. It 
is imperative that we form a partnership of influencing 
factors, government, industry, and the health care com- 
munity and women themselves who can work together 
to address this problem of high perinatal mortality. 
Let’s take a look at what these entities can do. 

What can government do? In 1986 Congress formed 
the National Commission to Prevent Infant Mortality. 
Its charge was to create a national strategic plan to 
reduce infant mortality and morbidity in the United 
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States. The Commission includes some members of 
Congress, the Secretary of Health and Human Services, 
and the Comptroller General of the United States. One 
of the unique programs this National Commission has 
developed is the concept of home visiting, especially by 
resource mothers. Resource mothers are women se- 
lected from the community who have evident helping 
skills and who have been successful mothers. They re- 
ceive training in health, social services, and counseling 
tc enable them to help disadvantaged young mothers, 
usually teenagers, get early prenatal care and reduce 
or eliminate unhealthy behavicrs, such as smoking, 
drinking, and other substance abuse. In addition, these 
resource mothers help prepare the patients for labor 


and delivery and the needs ofa newborn. These women | 
are generally neighbors and friends of the young ` 


women they visit and therefore are culturally sensitive 
and aware of not only their health needs but also their 
psychosocial and economic needs. They also visit the 
mothers and babies after delivery and ensure the in- 
fants receive regular checkups and that the health of 
mozher and baby is enhanced and ensured. Where 
these programs have been established, there has been 
a marked lowering of the low-birth-weight rate.® We 
are working now to promote this kind of activity in ou- 
own area and anticipate such activity catching on 
throughout the nation. l 

What can we expect from Industry? You should know 
that in all of the countries I’ve mentioned, in Europe 
and Japan, industry in some way or another subsidizes 
pregnant women. In France women are paid their nor- 
mal salaries for 6 weeks before delivery and 6 months 
after delivery. Also, a doctor may prescribe additional 
compensated rest whenever indicat2d.'° How can they 
afford to do this? The question should be, how can we 
in the United States afford not to subsidize our preg- 
nant women? You may be surprised to know that a few 
enlightened companies in this country are already sub- 
sidizing pregnancy. Mr. Joseph Taylor,” plant manager 
of Sunbeam Industries, Coushatta, La., is one of the 
early leaders in this kind of support for pregnancy. 

What can we expect of medicine? What can we as 
obstetricians-gynecologists do to reduce infant mortal- 
ity in the United States? Do we need to change our 
whole health care system? I think not. As Dr. Malinak 
so eloquently expressed in his address last year,’ we 
have tne finest health care system in the world, bar 
none. Our problem is getting that health care to those 
who need it in a timely manner to prevent low-birth- 
-weight infants and high perinatal mortality. 

There are things we can do. In his presidential ad- 
dress, cur Immediate Past President cf The American 


College of Obstetricians and Gynecologists, Ezra Dav-. 


idson, presented a strategy to reduce infant mortality. 
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Briefly, his strategy is to mimic the maternal mortality 
review committees that we used so effectively in the 
30s, 40s, 50s, and 60s to reduce maternal mortality to 
a number <1 in this country. Dr. Davidson feels that 
similar local review committees should be established 
and every perinatal death should be reviewed as to 
cause and preventability. He feels, and justifably so, that 
such intensive peer review will reveal numerous strat- 
egies to respond to locally identified factors." 

{ would strongly urge that you not only be active 
members of such committees in your area but even 
spearhead the formation of such committees if they 
currently do not exist. Nearly all of us belong to local 
obstetrics and gynecology societies or city or county 
medical societies whose resources could be used for this 
effort. . 

And what should we expect of our nation’s mothers 
to help reduce perinatal mortality in the United States? 
‘They must be educated as to the necessity of early pre- 
natal care and even of preconceptional care. They must 
be encouraged to enter the health care system at an 
early age, in grade school if possible. ‘They should reg- 
ister early for prenatal care because pregnancy may be 
a delicate condition in their particular case. They may 
need special care and special interventions to ensure a 
good outcome for themselves and their babies. Adverse 
health behavior should be curtailed or modified. Smok- 
ing, drinking, and illicit drug use should cease as proper 
nutrition is emphasized. Many workplace and preg- 
nancy-related studies that have been done link working 
conditions to increased adverse outcomes in pregnancy. 
For example, a job requiring standing all day is much 
more likely to produce preterm labor than a job re- 
quiring only part-time, upright working conditions.” 
Pregnant women and their employers need to be aware 
of the implications of their workplace situation and 
adjust accordingly. 

Finally, in my mind there is really only one compre- 


_hensive and satisfactory solution for reducing perinatal 


mortality in this country. Universal access to early pre- 
natal care! All of the factors ’ve just mentioned should 
be addressed, but universal access is the absolute ne- 
cessity. All of our medical and social interventions are 
useless unless they are accessible. We are all aware that 
37 million people in this country have no health in- 
surance. Naturally, most of these people are young and 
many of them are women in the reproductive age 
group. Medicaid is addressing the needs of the very 
poor but not the working poor. We must address the 
needs of all pregnant women. You know we have a 
peculiar mindset in this country that everyone must 
adhere to the “pay-as-you-go” format for health care 
regardless of economic situation. 

Have you ever considered that there is a very large 
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segment of our population that has to jump through 
only one hoop to have health care provided? There is 
no asset testing, no one’s bank account is examined, 
there are no qualifications save one—you must be 65. 
Of course, I’m talking about Medicare. I remember in 
1965 I had just started in practice and was appalled 


- that Congress enacted the Medicare Act, feeling it 


would be the downfall of medicine. You'll recall that 
organized medicine came screaming and kicking into 
the Medicare reality. Obviously, its not a perfect system 
.and is rife with problems and even corruption, yet it 


< continues to be one of the more humane things that 
_ our society has done for its elderly. 


As a matter of fact, in 1987 combined Medicare and 
‘Medicaid health care for the aged and disabled came 


` to 114 billion dollars, or 23% of the health care:dollar, 


as opposed to only 6 billion, or 2.5%, provided for 


maternal health care.” Are we emphasizing. the wrong 


_ age group? Triple bypass surgery in a 75-year-old per- 


son costs $50,000; prenatal care costs $500. 
I would propose that government, industry (includ- 


: ing the insurance industry), and the medical profession 


- need be jumped‘through because no extensive appli- | 


form a partnership to produce a, maternity insurance 
' plan that would be available for all. The only require- 
ment to enter the health care system to receive prenatal 
care would be a positive pregnancy test. No other hoops 


cation forms need be reviewed and there would be no 


_ asset testing. Imagine the decrease in the bureaucracy 


- 


now used to administer Medicaid. Any pregnant 
woman regardless of race, ethnic background, or social 
status would be eligible for this care. | 
_ ‘But, given the problems obstetricians currently have 
with Medicaid, such as low and slow reimbursement 
and the interminable forms and red tape, why would 
they buy into this plan?. | 
First, organized medicine must negotiate a realistic 
global fee for prenatal care and delivery. This fee must 
take into account that many of the new and previously 


uninsured will be at high risk, as I have already out- ` 


lined. 


Second, because a positive pregnancy test allows im. 


mediate and early access to cate, any necessary docu- 


“mentation and paper work can be accomplished 


throughout the course of pregnancy, thus ensuring 
prompt payment on completion of care. 

How would a newly pregnant woman have access to 
care? She would simply obtain proof of pregnancy from 
any recognized health care provider (e.g., hospital, 


clinic, or her own physician), She would immediately 


‘receive a voucher for prenatal care by her provider of 


+ 
t 


choice. 
-What about the woman who desires more than av- 


' erage amenities? Because the vouchers would be equal 


+ 
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in value, shë would need to personally supplement the 


reimbursement required for these amenities. As you 
know, this same system is currently used in European 
countries. Bo 2 i 
What should we call this plan? How about “Mater- 
nacare”? Call it what you will, but whatever you call it, 
it is progress for humankind and maternal and infant 
welfare. i SE 
Perhaps I’ve made this too simplistic. Believe me, I 
know that problems will ensue. ‘Institution of this kind 
of system will strain the resources of the prenatal health 


‘care system as we know it today. When we instituted 


‘our own new program as I previously outlined to you, 
so markedly increased was patient interest and aware- 


“ness that early registration and frequency of visits in- 


creased to the point that we swamped the system. Our 
physicians, both resident and attending, were unable 
to handle the load, and we had to hire additional phy- 
sician extenders, such as nurse practitioners and phy- 
sician aides. But this is already going on in many large 
obstetric groups and health maintenance organizations. 
I have personal knowledge in our own area of private 
practice groups that have hired nutritionists, nurse 
practitioners, and even midwives to help them with the 
enhanced prenatal care that they wish to deliver. Ob- 
stetricians will need to become comfortable with the 
idea that they will need the help of other professional 


` health care providers to maximize their efficacy in driv- 
ing down perinatal mortality in this country. 


As J was writing this article, I mentioned this concept 
to several friends and associates, not necessarily phy- 
sicians, and, to a person, the first question they. asked 
was, “Who would pay for it?” Well, obviously, you and 
I would pay one way or another, but we already pay 
for Medicare and Medicaid. We pay for national de- 
fense, and we pay for fire and police protection and 
wildlife conservation. And how about the savings and 
loan bailout—the last estimate I read 2 weeks ago was 
160 billion dollars! What I am asking for is peanuts! 

Why not pay for our single greatest resource, our 
newborn infants? And, would it be very expensive? Yes, 
but it certainly is expensive now. Consider that a pre- 
mature infant of 2 pounds who stays in the hospital up 


to 3 months may incur medical costs of $50,000 to 


$100,000 and possibly a lifelong cost of $400,000 ‘to 


$1,000,000 if neurologic deficits are incurred. Consider 


that there are 280,000 low-birth-weight infants born 


. annually’ and each of them incurs on average $10,000 


in additional medical costs before they can leave the 
hospital. This comes to a total of $2.8 billion. Consider 
if we could lower the low-birth-weight rate by 1% in 
this country, the savings would’ be $400,000,000 an- 
nually. If we could get our preterm delivery rate down 
to that of France, which is slightly over 4%," the savings 
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would be more than $1 billion. This savings plus what 
is currently spent by government sources, insurance 
premiums, and private pay would come close to paving 
for the entire cost of universal access to prenatal care. 
Whatever the cost, the time has come for this nation to 
get its priorities straight and one of them should be a 
reduction in this terrible infant mortality that we con- 
tinue to have. 

National mindsets can be overcome. Even global 
mindsets can be overcome. 

Consider Semmelweiss’ realization that it was the un- 
clean obstetrician who was the cause of puerperal sep- 
sis—childbed fever. It was 30 years before his simple 
recommendations for antisepsis were accepted, after 
he had been driven mad by his critics and detractors. 

Sometimes the simplest ideas may have most pro- 
found effects! 

Surely we can overcome this mindset that is keeping 
us from enjoying our most precious resource—the in- 
fants and children of our country. 

Suffer the little children to come unto us—healthy. 
And on time! Suffer the little children to suffer no 
more! 


REFERENCES 


l. News release. HHS news. Washinzton: United States De- 
partment of Health and Human Services, 1990 Dec 20. 

2. Death before life: the tragedy of infant mortality. Report 
of The National Commission to Prevent Infant Mortality. 
Washington: The National Comm-ssion to Prevent Infart 
Mortality, 1988. 

3. National Center for Health Stacisucs. Health, United 
States, 1988. Washington: Nationai Center for Health Sta- 
tistics, 1988; DHHS publication no (DHS) 88-1232. 


14. 


June 1992 
Am J Obstet Gynecol 


. National Center for Health Statistics. Health, United 


States, 1988. State of Missouri, Jefferson City, Missouri: 
National Center for Health Statistics, 1988. 


. Malinak LR. Winter hath hope of spring. AM ] OBSTET 


GYNECOL 1991; 164:1401-8. 


. Maulik D, Youngblood J, Cook M, Wiloughby L, Impact 


of comprehensive prenatal education on low birthweight. 
In: Proceedings of the fifty-ninth annual meeting of The 
Central Association of Obstetricians and Gynecologists, 
Colorado Springs, Colorado, October 10-12, 1991. Col- 
orado Springs: The Central Association of Obstetricians 
and Gynecologists, 1991. 


. Will G. Of children, poverty and one parent households. 


Washington Post, 1991 Sept 29. 


. Caring for our future: the content of prenatal care. A 


report of the Public Health Service Expert Panel on the 
Content of Prenatal Care. Washington: Public Health Ser- 
vices, Department of Health and Human Services, 1989. 


. Home visiting: opening doors for America’s women and 


children. A report of the National Commission to Prevent 
Infant Mortality, Washington: National Commission to 
Prevent Infant Mortality, 1989:22. 


. Papiernik P, Maine D, Rush D, Richard A. Prenatal care 


and the prevention of preterm delivery. Int ] Gynaecol 
Obstet 1985;23:472-33. 


. Davidson E. A strategy to reduce infant mortality. Obstet 


Gynecol 1991;77:1-5. 


. Klebanoff MA, Shiono PH, Carey JC. The effect of phys- 


ical activity during pregnancy on preterm delivery and 
birth weight. AM J OBSTET GYNECOL 1990; 163:1450-6. 


. Health Care Financing Administration. Bureau of Data 


Management and Strategy. 1989 HCFA statistics. Wash- 
ington: United States Department of Health and Human 
Services, 1989; HCFA publication no 03294. 

Papiernik E. Community wide approaches to preventing 
preterm birth. Pre-term birth prevention. In: Chamberlin 


. RW, ed. Proceedings of the Conference on Beyond In- 


cividual Risk Assessment: Community Wide Approaches 
to Promoting the Health and Development of Families 
and Children, Hanover, New Hampshire, November 


1-4, 1987, Washington: The National Center for Educa- 


tion in Maternal and Child Health, 1988:161. 





CURRENT PROBLEMS IN 
OBSTETRICS, GYNECOLOGY 
AND FERTILITY 


Editor-in-Chief: Robert L. Barbieri, MD 
State University of 
New York at Stony Brook 


Current Problems in Obstetrics, Gynecology and 
Fertility brings you the authoritative, practical 
information you need to stay current in your specialty 
and to provide the best possible care to patients. 


e Each bimonthly issue provides in-depth, mono- 
graph-length coverage (40-60 pages) of a clinical 
topic of vital interest to practitioners today. 


e Topics are selected for relevance to your daily 
practice: preconceptual counseling, infertility, 
endocrine problems, high-risk obstetrics, diagnosis 
and treatment of primary and secondary 
amenorrhea, pediatric and adolescent gynecology, 
and more. 


e Authors are selected for their expertise; you'll benefit 
from their balanced perspective on the topic and 
their wealth of clinical experience. 


e Each article is extensively referenced, saving you 
hours of library research. 


Stay at the forefront of your specialty! Subscribe today by 
returning the order form or by calling our toll-free number. 


Yes! Please begin my subscription to Current Problems in 
Obstetrics, Gynecology and Fertility (6 issues per year). 


1991 Rates U.S.A. Canada International 
OO Individual $60.00 $67.00 $85.00* 
O Student, resident 39.00 46.00 64.00* 
CJ Institutional 85.00 92.00 110.00* 


* Exclusive of Japan and India. Contact Publisher for rate and 
agent information. 


Individual and student/resident subscriptions must be in the 
name of, billed to, and paid for by the individual. Please allow 
6-8 weeks for receipt of first issue in U.S. Price of international 
subscriptions includes surface-mail postage. 


O Send mea custom binder for $20.00. (Holds 12 issues.) 


Method of Payment (please check one) 
We'll send an extra issue free if payment accompanies your order! 


C Check (U.S. funds, payable to Current Problems in Obstetrics, 
Gynecology and Fertility) 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
C] MasterCard C MC International O VISA O Bill me | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Credit card # CED. dáte 

Signature 

Name 

Institution a ee a 
Address __CC—C—‘“‘(NC#C«AA*pW/stte/Déept 

EIN a, SI 

Country —— s—Cts—CSCSCSCS poe ty 

Return to: For faster service, phone: 
Mosby-Year Book, Inc. (314) 872-8370, ext. 7351 
Journal Subscription Services In the U.S., call toll-free: 
11830 Westline Industrial Drive 1-800-325-4177, ext. 7351 
St. Louis, MO 63146 U.S.A. Fax: (314) 432-1380 


|l AYA Mosby 
| N A Year Book J5290FZB 
EEROR ORTE AIS IRAETA Dare O SORT 


changing 


ERCEPTIONS 


inCONTRACEPTION 


More women than 
ever before are planning 
their childbearing years. 





Find out about their needs from 
your Berlex representative. 


Dedicated to innovation 
C9 BERLEX in OB/GYN medicine 


© 1992, Berlex Laboratories. All rights reserved 914300076 


Important subject. 
Important hands-on methodology. 





Exceptional skills are born of exceptional training. And 
there are none better than skills gained on a live, preg- 
nant patient. For the last decade, we’ ve emphasized not 
only the how of the science of ultrasound, but also the 
why behind each technique. 

We offer comprehensive training seminars in ab- 
dominal, vascular, obstetric/pelvic, and cardiac ultra- 
sound. And, for your convenience, our seminars are 
held in major cities across the United States as well as 
at our modern new facility in the Dallas area. We offer 
a variety of two-, three-, and five-day programs at 
reasonable fees. Classes are roughly half theory and 
half intensive hands-on training. Class size is strictly 
limited, and postconference support is free to our 
guests--forever. 

All of our seminars are SDMS-approved for CEUs. 
Call KMA 24 hours a day for a free information kit that 
tells you about us and any of the twenty different 
seminars we conduct regularly. For exceptional ab- 
dominal/obstetric/pelvic imaging, put your hand in 
our hands. Just call (214) 402-8250. 


Hands-On Abdominal Imaging 
July 20-24, Sept 14-18, Nov 2-6, Dallas. 
Advanced Abdominal Imaging Interpretation 
July 24-25, Dallas. 
Advanced Obstetric/Pelvic Imaging Interpretation 
July 31-August 1, Dallas. 
Hands-On Obstetric/Pelvic Imaging 
July 27-31, Sept 21-25, Nov 9-13, Dallas. 
Hands-On Abdominal/Pelvic Doppler 

July 27-29, Dallas. 


o 600 E. Las Colinas Blvd. 
2 Keith Mauney Ste. 250, Irving, TX 75039 
& Associates, Inc. Phone: 214/402-8250 


36A 


VIVIDLY ILLUSTRATED: 


Fetal Development and Childbirth 





New! 

A COLOR ATLAS OF 

CHILDBIRTH AND 

OBSTETRIC 

TECHNIQUES 

F.A. Al-Azzawi, MBChB, MA, 

MRCOG 

* Uses step-by-step, high quality photo- 
graphs, diagnostic ultrasound images, 
and line artwork to bridge the gap 
between the textbook and clinical 
practice. 

* Covers normal labor, complications, 
twins, and the three main types of 
caesarean section. 

1991. 144 pages, 341 ills. MYB-Wolfe. 

(Book Code: 06287) 


CHILI BIRTH 










COLOR ATLAS OF 
LIFE BEFORE BIRTH: 
Normal Fetal Development 
Marjorie A. England 
* Depicts the stages of normal fetal 
development from its microscopic 
beginning to its final form at birth. 
e Detailed illustrations include 710 
full color photographs. 
1990. 216 pages, 767 ills. MYB-Wolfe. 
(Book Code: 20326) Paper. 


Save time! Call toll-free: 800-426-4545, 
Monday-Friday, 7AM-6PM, Central Time 
FAX orders, 314-432-5471 Attn: Direct Marketing 
Please mention this number when calling: FLR-813 
In Canada, call toll-free: 800-268-4178 


Mosby- Year Book 
11830 Westline Industrial Drive 
St. Louis, MO 63146 


Mosby-Year Book, Ltd. 
5240 Finch Avenue East 
Scarborough, Ontario 


Canada M1S 5A2 NA Yeon k 


YE S A Please send the book(s) I’ve checked on 
e no-risk, 30-day approval: 

__ AL-AZZAWI: Color Atlas of Childbirth and Obstetric Techniques 
(06287) $40.00 (U.S.); $52.00 (Can.) 

__ ENGLAND: Color Atlas of Life Before Birth, paper (20326) 
$35.95 (U.S.); $46.75 (Can.) 

SEND NO MONEY NOW! Take a full 30 days to evaluate your 

purchase. If not completely satisfied, simply return your selection and 

owe nothing. /t's that simple! 

__ Please bill me Charge my: _ MasterCard _ VISA __ AmEx 

Card # Exp. date 

Signature 

Daytime phone ( ) 

Name 

Address 

City State Zip 

All orders are billed for postage, handling, and state sales tax, where appropriate. All prices 

subject to change without notice. If using a purchase order, please attach this coupon and send 


to Pat Newman at the Mosby-Year Book address. 30-day approval good in U.S. and Canada. 
FLR-813 


Anatomic aspects of vaginal eversion after hysterectomy 


John O.L. DeLancey, MD 
Ann Arbor, Michigan 


OBJECTIVE: Our aim was to understand how vaginal eversion after hysterectomy differs from other forms 


of prolapse. 


STUDY DESIGN: The role of individual structures involved in vaginal support was studied by pelvic 
dissection of 61 cadavers. Serial cross sections from 13 additional cadavers were examined. 

RESULTS: The upper third of the vagina (level I) is suspended from the pelvic walls by vertical fibers of 
the paracolpium, which is a continuation of the cardinal ligament. In the middle third of the vagina (level I!) 
the paracolpium attaches the vagina laterally to the arcus tendineus and fascia of the levator ani muscles. 
The vagina’s lower third fuses with the perineal membrane, levator ani muscles, and perineal body (level 
Ill). Dissection reveals that the paracolpium’s vertical fibers in level | prevented prolapse of the vaginal 


apex and vaginal eversion. 


CONCLUSIONS: The paracolpium in level | forms the critical factor that differentiates vaginal eversion 
from posthysterectomy cystocele-rectocele or enterocele in which the vaginal apex remains well 


suspended. (Am J OBsTeET GYNECOL 1992;166:1717-28.) 


Key words: Vaginal prolapse, vaginal eversion, hysterectomy 


Vaginal eversion occurs after hysterectomy when the 
apex of the vagina descends below the introitus so that 
the vagina turns inside out. In recent years this prob- 
lem has become a topic of considerable concern. In spite 
of our generally good success in treating vaginal 
eversion’* we know little about its cause and preven- 
tion. Vaginal eversion is usually thought of as a problem 
caused by an enterocele that was not repaired at the 
time of vaginal hysterectomy for prolapse,* yet in half 
. of the patients with posthysterectomy vaginal eversion 
the condition develops after an abdominal hysterec- 
tomy that was performed for reasons other than pro- 
lapse.’ * In addition, this theory does not explain why 
some patients have an enterocele with a well-supported 
vaginal apex after hysterectomy whereas others have 
both an enterocele and an eversion of the vagina. These 
questions highlight the importance of knowing the spe- 
cific anatomic defect that is responsible for vaginal 
eversion. 

Many investigators have looked at the structural 
changes that are associated with uterine prolapse, cys- 
tocele, or rectocele, and these studies have been sum- 
marized elsewhere.’ None of these reports have directly 
studied the anatomy of vaginal support as it relates to 
the problem of vaginal eversion after hysterectomy. It 
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is possible to piece together some aspects of this anat- 
omy by gathering the observations of several authors; 
however, this eclectic collection is characterized by con- 
troversy, conflict, and confusion®’ and justifies the need 
for a specific examination of vaginal support after hys- 
terectomy. The aim in studying vaginal support was to 
gain information that would help explain the anatomic 
difference between women with vaginal eversion and 
those with cystocele, rectocele, or enterocele after hys- 
terectomy but in whom the apex of the vagina remained 
well supported. 


Material and methods 


Dissections. Several types of observation were used 
for this study to avoid the errors that can arise from 
artifacts present in any single technique of anatomic 
investigation. Vaginal support was examined in cadav- 
ers that had previously undergone hysterectomy, as 
well as in those with the uterus in place, so that we 
could study both the relationship of vaginal support to 
uterine support and the support of the vagina seen 
after hysterectomy (Table I). Dissections, which were 
performed on the pelvic viscera and the pelvic walls, 
focused on the connective tissue and muscles in the 
region bounded laterally by the bony pelvis and ex- 
tending from the sacral promontory to the vulvar skin. 

The importance of specific structures to vaginal sup- 
port was studied in selected cadavers that were in an 
upright position, as if an individual were standing. Iso- 
lated portions of the vagina were forced toward the 
introitus for study of the structures that prevented pro- 
lapse or eversion from occurring. Special attention was 
paid to the tissues that resisted eversion of the vagina 
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Table I. Dissections 










No. with 
previous 






Cadaver preparation Age (yr) 





Fixed cadavers 


Embalmed cadavers 16 2 30-104 
Immersed cadavers 3 l 26-56 
Fresh (unfixed) cadavers 42 7 7 mo—87 

TOTAL 61 10 





Table II. Whole-pelvis serial sections* 


Previous hysterectomy 





14 Nulliparous Transverse No 
26 Multiparous Coronal Yes 
28 Multiparous Sagittal No 
33 Nulliparous Transverse No 
64 Multiparous Oblique Yes 





*All specimens fixed by immersion. 


in cadavers with previous hysterectomy. Examination 
of cadavers that were in the upright position permitted 
the suspensory apparatus to be examined in the ori- 
entation in which it is called on to support the vagina 
(i.e., the standing position). This technique was found 
to be critical in the correct interpretation of the role 
that each part of the vaginal support system plays in 
holding the vagina in place. 

The cadavers used in this study included both those 
fixed by the traditional injection technique and ones 
fixed by immersion. The immersion method was used 
to eliminate the distortion created by injection embalm- 
ing. The normality of the spatial relationships in ca- 
davers fixed by immersion was confirmed by comparing 
them with topographic studies of living individuals with 
normal support that are available in the literature.’ 

Serial cross sections. Both histologic and whole-pel- 
vis cross sections were studied. The serial histologic 
sections were made available to me by Dr. Thomas Oel- 
rich and have been described in previous works.* '° 
They included 1500 sections from eight individuals 0 
to 37 years old. These were used to confirm the his- 
tologic nature of the tissues identified in the whole- 
pelvis cross sections and to determine the specific di- 
rection of various fibers within the pelvis. Serial whole- 
pelvis cross sections were made from frozen cadavers 
fixed by immersion, as indicated in Table II. Sections 
were cut at intervals varying from 5 mm to 2 cm an 
stored in formalin. 


Results 

Overview. The bladder, uterus, vagina, and rectum 
are all attached to the pelvic walls by a network of 
connective tissue strands that are collectively called the 
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endopelvic fasciae. Although the connective tissue of 
the endopelvic fascia is one continuous unit, it has dis- 
tinct regions that are given individual names. For ex- 
ample, the structures that attach the uterus to the pelvic 
walls (i.e., the broad, cardinal, and uterosacral liga- 
ments) are called the parametria. Similar tissues attach 
the vagina to the pelvic walls, and these are referred 
to as the paracolpium (Fig. 1). They are continuous 
with the cardinal and uterosacral ligaments when the 
uterus is in situ. 

The structures that support the vagina can be divided 
into three levels that correspond to differing areas of 
support (Fig. 2 and Table III). The portion of the 
vagina adjacent to the cervix is suspended from above 
(level I: suspension) by the relatively long connective 
tissue fibers of the upper paracolpium. In the midpor- 
tion of the vagina the paracolpium becomes shorter and 
attaches the vaginal wall laterally to the pelvic walls 
(level II: attachment). Near the introitus the vagina is 
fused laterally to the levator ani muscles and posteriorly 
to the perineal body while anteriorly it blends with the 
urethra (level III: fusion) (Fig. 3). In level III there is 
no intervening paracolpium between the vagina and its 
adjacent structures, contrary to the situation in levels I 
and II. 

Anatomic observations. The cephalic 2 to 3 cm por- 
tion of the vagina constitutes level I. The fibers of the 
paracolpium suspend this part of the vagina and arise 
over a broad area originating from the region of the 
greater sciatic foramen over the piriformis muscles, 
from the pelvic bones in the region of the sacroiliac 
articulation, and from the lateral sacrum. These fibers 
are primarily vertical in orientation (Fig. 4), but some 
also proceed dorsally from the vagina toward the sa- 
crum in a more horizontal direction when viewed in 
the standing position (Fig. 5). At the lateral margin of 
the vagina the fibers of the paracolpium diverge to 
envelop its anterior and posterior surfaces (Fig. 5). As 
is true of other visceral ligaments, these suspensory 
fibers are composed of perivascular connective tissue, 
blood and lymphatic vessels, and nerves. Within this 
meshwork there is also a considerable amount of non- 
vascular smooth muscle. 

Structurally, the paracolpium’s suspensory fibers in 
level I converge from their broad origin on the lateral 
pelvic walls and sacrum to their localized attachment 
to the lateral walls of the vagina. In effect the upper 
portion of the vagina hangs from the pelvic walls and 
sacrum. When downward force is applied to the vaginal 
apex in an attempt to cause its eversion, the suspensory 
fibers of the paracolpium prevent this from happening 
(Fig. 6, A). Transecting the paracolpium in this region 
allows the upper vagina to evert into the lower vagina 
when downward force is applied (Fig. 6, B). Upward 
traction on the vaginal apex in level I elongates this 
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Paracolpium 
Obturator internus 
muscle 

Arcus tendineus 
levator ani 
Vesical neck 
Levator ani 


Arcus tendineus 
fasciae pelvis 
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Fig. 1. Vagina and supportive structures drawn from dissection of 56-year-old cadaver after hys- 
terectomy. Bladder has been removed above vesical neck. Paracolpium extends along lateral wall of 
vagina. 
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Fig. 2. Level I (suspension) and level I (attachment). In level I paracolpium suspends vagina from 
lateral pelvic walls. Fibers of level I extend both vertically and also posteriorly toward sacrum. In 
level II vagina is attached to arcus tendineus fasciae of pelvis and superior fascia of levator ani 
muscles. 


portion of the vagina in a cephalic direction. This mo- 
tion is not resisted by the suspensory fibers but is limited 
only by the vaginal wall’s ability to stretch. 

In level II the vagina comes closer to the pelvic wall, 
the length of the paracolpium becomes shorter, and the 
nature of the vagina’s connections changes from one 


of suspension to one of lateral attachment (Fig. 3). The 
connective tissue that attaches the vagina to the pelvic 
walls is composed of smooth muscle and a mixture of 
collagen and elastin. It is more dense than that of the 
cardinal and uterosacral ligament complex. The blood 
vessels, lymphatics, and nerves that characterize the 
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Levator 
ani 


Fig. 3. Detail of levels II and IHI are shown after wedge of upper urethra and anterior vaginal wall 
has been removed (shaded area of inset), exposing anterior surface of rectum. In level III] vagina is 
fused to medial surface of levator ani muscles, urethra, and perineal body. Anterior surface of vagina 
and its attachment to arcus tendineus fasciae of pelvis forms pubocervical fascia, while posterior 
surface, through its attachment to superior fascia of levator ani muscles, forms rectovaginal fascia. 


Table III. Clinical-anatomic correlation 


Level I: Suspension Upper paracolpium 
Level II: Attachment Lower paracolpium 
Pubocervical fascia 


Rectovaginal fascia 


Level III: Fusion 
perineal body, musculi leva- 
tor ani 


upper paracolpium continue along the lateral margin 
of the vagina in this region. 

The attachment of each lateral margin of the vagina 
to the pelvic wall in level II becomes more direct and 
the paracolpium becomes shorter (Figs. 2 and 5). The 
connection of the anterior vaginal wall to the arcus 
tendineus fasciae of the pelvis forms a supportive layer 
that lies under the bladder and corresponds to the pu- 
bocervical fascia (Fig. 3). The posterior wall is attached 
to the superior fascia of the levator ani muscles and 
forms the rectovaginal fascia. Although the pubocer- 
vical fascia and rectovaginal fascia function as different 
layers, their continuity along the lateral margin of the 
vagina can be seen clearly ( Fig. 5). In the lower regions 
of level II (in contradistinction to level I) the connective 
tissue of the paracolpium extends over both the ante- 
rior and posterior surfaces of the vagina in the midline. 

The lateral attachments of the vagina to the arcus 
tendineus fasciae pelvis and superior fascia of the 
levator ani muscles in level II fix it firmly in place. 


Supports bladder and vesical 


Effect of damage 


Suspends apex to pelvic walls Prolapse of vaginal apex 


Cystocele-urethrocele 


Prevents anterior expansion of — Rectocele 
rectum 
Fusion to perineal membrane, Fixes vagina to adjacent struc- — Urethrocele or deficient perineal 


body 


Downward pressure on the anterior surface of the va- 
gina toward the introitus is resisted by the anterior 
vaginal wall and its attachments to the arcus tendineus 
fasciae pelvis (pubocervical fascia). Upward pressure 
on the posterior surface of the vagina directed toward 
the introitus is resisted by the posterior vaginal wall and 
its attachments to the levator fascia (rectovaginal fascia). 
Unlike the vagina in level I, the vagina in this region 
cannot easily be moved in a cephalic direction. 

Level III corresponds to the region of the vagina that 
extends from the introitus 2 to 3 cm above the hymenal 
ring and is fused with the structures that surround it. 
Unlike in the upper levels, there is no intervening con- 
nective tissue of the paracolpium that separates the 
vaginal wall from adjacent structures (Fig. 7). Anteri- 
orly, the vagina fuses with the urethra and is embedded 
in the connective tissue of the perineal membrane (uro- 
genital diaphragm). Laterally, it blends with the medial 
margins of the levator ani muscles. Posteriorly, it fuses 
with the perineal body. The vagina in this area has no 
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mobility separate from its adjacent structures. Displace- 
ment of the muscles, perineal body, or urethra carries 
the vagina with it. Lengthening of the levator ani in 
this area therefore opens the vaginal lumen but does 
not change the relationship between the vagina and the 
muscle. Clinically, this region is characterized by the 
visible contours of adjacent structures. The bulge of 
the medial border of the levator ani muscles, as well as 
that of the urethra, can be easily seen as the vaginal 
wall intimately covers their inner surfaces. 

The three levels of vaginal support are continuous 
with one another and therefore are interdependent. 
For example, the upper border of level II depends for 
support on its connection to level I. In this way these 
portions are part of a continuum, although for the sake 
of convenience they have been described separately in 
this report. 


Comment 


In this study we found that it was not possible to 
evert the vaginal apex as long as the suspensory fibers 
in level I were intact. Therefore it would appear that 
the critical anatomic change in women with vaginal 
eversion after hysterectomy is failure of these suspen- 
sory fibers to hold the upper vagina in its normal po- 
sition. In a woman who has previously had a hyster- 
ectomy, cystocele, or rectocele can develop as a result 
of problems in level II, but as long as the suspensory 
fibers of level I are intact, vaginal eversion does not 
occur. These fibers attach to the region of the vagina 
adjacent to the scar from the previous hysterectomy, so 
careful examination of patients with prolapse after hys- 
terectomy should be directed toward determining 
whether the vaginal apex descends excessively with val- 
salva pressure or coughing to the level of the hymenal 
ring. As long as suspension of the vagina in level I is 
intact, failure of level II supports presents as cystocele 
or rectocele or both without eversion of the vagina. 
These cases can be managed with repair of the cystocele 
and rectocele. However, if the suspensory fibers in level 
I have failed, vaginal eversion persists immediately af- 
ter colporrhaphy unless the vagina is resuspended. 

The type of prolapse that is present after hysterec- 
tomy will depend on which levels of support have failed. 
Although usually thought of as a generalized process, 
genital prolapse occurs because of a combination of 
individual defects that affect localized areas.'' Defective 
suspension of the vaginal apex (level I) with preser- 
vation of midvaginal support (level II) presents as a 
simple eversion of the upper vagina. It can be accom- 
panied by downward prolapse of the peritoneum that 
is attached to the posterior vaginal wall, forming an 
enterocele, but as long as the level II supports are intact, 
there is no cystocele or rectocele. In these cases holding 
the vaginal apex at the level of the ischial spine while 
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Fig. 4. Coronal section through upper vagina (level I) in 26- 
year-old cadaver that had previous hysterectomy, showing ver- 
tical orientation of paracolpium (PC) as it suspends vagina (V) 
above rectum (R) and levator ani (LA) muscles and below ab- 
dominopelvic cavity (APC). S, Sacrum. 


the woman strains relieves all visible prolapse, and sus- 
pension of the apex without other repair will be cu- 
rative. This represented 33% of patients with vaginal 
eversion in our experience.’ 

When the vaginal apex is no longer suspended and 
failure of the level II supports (pubocervical or recto- 
vaginal fasciae) is also present, then vaginal eversion is 
associated with either a cystocele or a rectocele or both. 
This is referred to as complex vaginal eversion, 
whereby prolapse of the apex is accompanied by a cys- 
tocele or rectocele, and represents 67% of vaginal ever- 
sions.’ Among these patients 7% have apical prolapse 
with cystocele and 30% have apical prolapse with rec- 
tocele, whereas 30% have both cystocele and rectocele 
along with vaginal eversion. In these individuals cys- 
tocele or rectocele or both are still present when the 
apex is held at its normal position during examination. 

The attachments of the distal vagina to the medial 
margins of the levator ani muscles in level III are so 
dense that the lower portion of the vaginal wall always 
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Fig. 5. Transverse whole-pelvis section of 14-year-old nulliparous cadaver. Asymmetry of specimen 
shows level I with long segment of paracolpium (PC) between vagina (V) and lateral pelvic wall on 
right (black dot outline). Direct attachment in level II on left (white dot outline). B, Bladder: LA, levator 


ani muscles; OI, obturator internus; R, rectum. 


remains attached in this region. The importance of this 
region has to do more with the ability of the levator 
ani muscles to keep the vagina closed than with the 
vagina’s ability to remain attached to its surrounding 
structures. Certainly, damage to the perineal body and 
urethral supports in this region is important, but as yet 
this is poorly understood. 

Considering the importance of the suspensory fibers 
in level I, how can this information be used to help 
prevent vaginal eversion after hysterectomy? In the 
normal individual the uterus and upper vagina are sus- 
pended by the continuous support offered by the para- 
metrium (cardinal and uterosacral ligament complex) 
and the paracolpium in level I. This sheet of tissue is 
approximately 6 cm wide. During abdominal hyster- 
ectomy the cardinal ligaments and uterosacral liga- 
ments are separated from the cervix, leaving only 2 to 
3 cm of the paracolpium attached to the vagina. Fur- 
thermore, if transection of the paracolpium from the 
vagina is continued past the cervix for another 1 to 
2 cm, then little of the level I fibers remains to support 
the vagina. This diminution of the suspensory fibers 
may well predispose patients to vaginal eversion later 
in life as the general deterioration in connective tissue 
occurs with age. 

Anatomically, this area can be strengthened during 
hysterectomy not only by reattaching the cardinal and 
uterosacral ligaments to the vaginal apex but also by 
performing intrafascial hysterectomy techniques" that 
avoid detachment of any of the paracolpium from the 


vagina. This would allow the entire 6 cm of cardinal 
ligament and paracolpium to participate in support of 
the vaginal apex. The fact that vaginal eversion does 
not immediately follow detachment of the paracolpium 
from the vagina attests to the redundancy of support 
in normal women. However, women who have under- 
gone hysterectomy and in whom parts of the suspen- 
sory apparatus were not reattached may be at increased 
risk for subsequent vaginal eversion because age weak- 
ens their supportive tissue. This could explain the fact 
that vaginal eversion develops in equal numbers of pa- 
tients after abdominal and vaginal hysterectomy,‘ even 
though patients who undergo vaginal hysterectomy are 
more likely to have previously had prolapse. Improve- 
ment of vaginal suspension is consistent with traditional 
techniques that achieve elevation, in addition to oblit- 
erating the cul-de-sac,’ and help to reestablish the nor- 
mal depth and axis of the vagina." 

It is interesting that the difference in attachment of 
the vagina to the pelvic walls between levels I and II 
and level III parallels the different embryologic deri- 
vations of these regions. Levels I and II are derived 
from the miillerian ducts and have attachments to the 
lateral pelvic wall similar to those of the uterus and 
tubes. The lower portion of the vagina, the portion that 
is present in patients with miillerian agenesis (level III), 
comes from the urogenital sinus and does not have the 
paracolpium between it and adjacent structures. 

It should be emphasized that this article discusses 
only one part of the multifaceted structure of the pelvic 
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Fig. 6. A, When force is applied to vaginal apex, eversion of vagina is resisted by suspensory fibers 
of level I. B, Transecting fibers of level I permits eversion of vagina to occur. 
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Fig. 7. Transverse section from cadaver shown in Fig. 5 at level III showing fusion of the vagina 
(V) to urethra (U), perineal membrane (PM), levator ani muscles (LA), and top of perineal body 
(+). PR, Inferior pubic ramus; R, rectum. 


floor. Many factors in addition to the connections of along with other anatomic investigations into the func- 
the vagina to the pelvic walls are crucial to pelvic sup- tional anatomy of the pelvic floor, should prove helpful 
port. The treatment of this one aspect of support in in directing such studies. 


isolation does not imply that it is the only important 
element involved. Other factors such as damage to the 
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Discussion 


Dr. STEPHEN H. CRUIKSHANK, Minneapolis, Min- 
nesota. Dr. DeLancey has presented an excellent ana- 
tomic description of the three known levels of vaginal 
support. He has pioneered a single study that micro- 
scopically delineates these different levels of support 
and the sequelae to each level, should a defect occur. 
The Abstract, Introduction, Material and Methods, and 
Results sections of his manuscript clearly fit the style of 
a well-written scientific article; however, I would like 
the audience and readership to concentrate on the 
Comment section and Dr. DeLancey’s conclusions. 

In his study Dr. DeLancey microscopically docu- 
mented what we have studied, discussed, and clinically 
concluded no less than four times over the past 5 years 
at the Central Association meetings. He proved it an- 
atomically using cadavers. He states that his work sup- 
ports the claims others have made clinically. I would 
offer here a word of caution. I offer my support to this 
study, which is excellent in experimental design and 
concept. I believe it has gotten to the basis of our clinical 
practice, which is well documented in the literature.'* 
However, we should never rely entirely on the results 
of one study; it is hoped that there will be more studies, 
reproducing these results of Dr. DeLancey and others. 

He has examined a group of cadavers, which do not 
have the same variables as living patients undergoing 
procedures (we must take into consideration the style 
of a surgeon, operator knowledge of anatomy, tissue 
structure of each patient, underlying diseases, etc.). 

Dr. DeLancey has eliminated these variables. The 
controversy that Dr. DeLancey alludes to in the Com- 
ment section is indeed created by these factors. Dr. 
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DeLancey claims that the immersion method eliminates 
distortion, but he has not compared results with this 
method to those of a living clinical control group. 

Specifically, I would like to address three conclusions 
that stood out in his discussion. He stated: (1) “. . . this 
area can be strengthened during hysterectomy not only 
by reattaching the cardinal and uterosacral ligaments 
to the vaginal apex but also by performing intrafascial 
techniques. .. .” (2) “... women...in whom parts of 
the suspensory apparatus were not reattached may be 
at risk for subsequent vaginal eversion.” (3) “Improve- 
ment of vaginal suspension is consistent with traditional 
techniques that achieve elevation, in addition to oblit- 
erating the cul-de-sac, and help to reestablish the nor- 
mal depth and axis of the vagina.” Although Dr. 
DeLancey concludes these points clearly, they are not 
new to our profession. However, I am particularly 
pleased to draw attention to these statements for these 
conclusions are the same ones that followed studies also 
presented here in the past.** 

I have three questions that I would like Dr. DeLancey 
to answer: (1) Clinically, in the office and/or operating 
room, do you examine patients with the uterus in situ 
to decide which patients are at possible risk for future 
vaginal eversion, and how? (2) If you find evidence 
clinically that a patient has partial defects of the vaginal 
apex with the uterus in situ, to what extent will you go 
in your repair to prevent posthysterectomy prolapse? 
(3) In those patients found to have moderate to severe 
vaginal eversion with an in situ uterus, what prophy- 
lactic methods (prophylactic means to prevent, to ward 
off ) would you use to fully correct the defect of level 
I suspension? 

Dr. DeLancey, I congratulate you. You are a pioneer, 
truly focused. Aside from the above-mentioned points, 
you have pioneered a study that has proved micro- 
scopically the clinical anatomy of an infrequent, yet 
tragic (for the patient) complication of hysterectomy — 
vaginal vault eversion. 
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Dr. G. RODNEY MEEKs, Jackson, Mississippi. I con- 
gratulate Dr. DeLancey on his excellent article. He has 
devoted a significant portion of his career to helping 
us understand the anatomy and function of pelvic floor 
support. Dr. DeLancey has a unique opportunity to 
evaluate histologic and whole-pelvic cross sections. Be- 
cause of constraints imposed by limited availability of 
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cadavers, most of us cannot reproduce such basic stud- 
ies. This article makes a very complex subject under- 
standable. This is accomplished by clear thinking about 
the subject, concisely written descriptions of the anat- 
omy, thoughtful conclusions, and the use of excellent 
figures. 

The study design i is one of simple observation, a tech- 
‘nique that is common when surgical-and/or anatomic 
‘questions are evaluated. No attempt has been made to 
quantify the degree of vaginal eversion in the speci- 
mens nor has the force required to produce prolapse 
of the vagina been discussed. The question, “How many 
fibers of the paracolpium can be damaged or lost before 
prolapse occurs?” has not been addressed. The speci- 
mens were studied in an upright position, which may 
remove some of the potential artifacts. 

Describing three levels of vaginal support gives to 
clinicians a mechanism to explain pelvic floor defects. 
Furthermore, the information may provide a rationale 
for selecting a surgical repair technique. It may help 
. to identify patients in whom vaginal vault suspension 
is appropriate. Could it vindicate Dr. Cruikshank’s 
stance’ of “prophylactic suspension”? Whereas this pre- 
sentation is accurate on the basis of my clinical expe- 
rience, could the conclusions be biased?. That is, could 
the anatomic descriptions in this article reflect what is 
used clinically and thus justify a specific surgical ap- 
proach without proving that these anatomic structures 
are responsible for support? Dr. DeLancey has ad- 
dressed the question that he proposed in regard to what 
differentiates women with vaginal prolapse ‘from 
women with cystocele, rectocele, and enterocele alone. 
The answer is loss or damage of supporting structures. 
I remain confused in regard to ways to lessen the like- 
lihood of prolapse after hysterectomy. He has not pro- 
vided a “how to” for surgeons. Several specific questions 
may clarify these points: (1) Can this description of 
vaginal support help clinicians to recognize patients at 
risk for prolapse? (2) Do partial defects occur? If so, to 
what extent should one go to identify these defects? (3) 
What measures can be taken to prevent pelvic floor 
defects after hysterectomy? (4) Does leaving the vaginal 
cuff open at the time of hysterectomy have any effect 
on the risk of vaginal prolapse? (5) Does a closure tech- 
nique that reapproximates the cardinal and uterosacral 
complex to the midline have any effect on the risk of 
vaginal prolapse? (6) If the fascia surrounding the va- 
gina and the cardinal-uterosacral complex are impor- 
tant to support the cuff, would a subtotal hysterectomy, 
leaving the cervix and its attachments intact, minimize 
surgical damage and thus reduce the likelihood of pro- 
lapse? (7) Does cul-de-sac obliteration have any, role? 
(8) Does the hiatus levator ani have any impact at all 
on level I and H defects? 
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DR. CHRISTOPHER J. JOLLES, Salt Lake City, Utah. I 
applaud Dr. DeLancey and his efforts to understand 
the anatomic principles relating to the operations that 
we perform, for indeed we are surgeons and are re- 
sponsible for understanding anatomy and the physical 
basis of what we do. 

During a radical hysterectomy, we dissect the 
uterosacral ligaments from their origin in the posterior 
aspect of the cervix down to the window joining the 
pararectal and rectovaginal space. The entire ligament 
is clamped and divided, and no effort is made to reat- 
tach remnants of this ligament to the vaginal vault. 

Frankly, I have never seen a significant vault prolapse 
in a patient who has undergone a radical hysterectomy. 
Therefore I wonder what impact this factor has on our 
understanding of the necessity of paracolpial support 
to prevent vault prolapse. 

DR. LANE J. MERCER, Chicago, Illinois. Dr. DeLancey, 
I also want to congratulate you for your fine work and 
article. I want to point out, perhaps because I am a bit 
of a hometowner, that Dr. Curtis at Northwestern Uni- 
versity described. something called a pararectal fascia, 
which also describes the tissue you are calling the para- 
colpium. He later developed a suspension of the vaginal 
apex after vaginal hysterectomy by use of this tissue, 
which has proved successful. 

Long-term experiences have shown that this suspen- 
sion at the conclusion of vaginal hysterectomy provides 
results at least as good as those we now attribute to the 
sacrospinous ligament suspension. I would appreciate 


your comments about that. 


Second, using your description of various levels of 
vaginal defects, we are seeing posthysterectomy vaginal 
eversion treated all too often with a level I correction, 
that is, a sacrospinous ligament suspension, and the 
level II defect addressed with an anteroposterior col- 
porrhaphy, which does little except to decrease or 
tighten the caliber of the vagina. It does nothing to 
suspend it. I would appreciate your comments about 
how you would handle such patients on the basis of 
your anatomic findings. 

Dr. KENNETH WEBSTER, Cleveland, Ohio. I would 
like to reiterate Dr. Jolles’ comments in that, as gyne- 
cologic oncologists, we have a living role model for each 
case of pelvic dissection. Once again, if the entire 
uterosacral ligament is removed along with the uterus 
and upper vagina, as well as the cardinal ligament, there 
is nothing to resew to the apex of the vagina. In 21 
years of postoperative experience, I have never seen a 
vault prolapse in a patient undergoing radical hyster- 
ectomy. . 

Dr. SUZANNE R. TRUPIN, Champaign, Illinois. I was 


` just curious about whether this patient population was 


premenopausal or postmenopausal and if the author 
could comment on whether the pelvic support liga- 
ments are significantly changed in these populations. 
Dr. MAURICE J. WEBB, Rochester, Minnesota. Con- 
gratulations on an elegant study. The aspect I would 
question is that you are concentrating on the lateral 
supports of the vagina. You did mention that the vagina 
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incorporated pubocervical and rectovaginal fascia. 
Would you comment on the thought that possibly some 
of the weakness that develops ir. prolapse is not in the 
lateral supports but is due to the central weakness of 
this fascia, which allows the protrusion to occur? 

PRESIDENT YOUNGBLOOD, Kansas City, Missouri, I 
had the privilege of reviewing this article. You made a 
clear statement that intrafascial hysterectomy would 
seem to be the way to go as far as technique is con- 
cerned. You didn’t mention that today, and I wonder 
if you would comment-on that. 

Dr. DELANCEY (Closing). I thank both Dr. Cruik- 
shank and Dr. Meeks for their thoughtful and probing 
discussion. They have raised several very important 
issues. I will go through them in the order in which 
they were presented. 

I would agree with Dr. Cruikshank’s comment that 
it is very difficult to know about the distortions that 
occur in an anatomic specimen when compared with a 
living individual. The most profound one comes from 
the lack of contractility of the levator ani muscle, and 
that ts a limitation in all anatomic studies and at the 
present time cannot be overcome. However, if you keep 
that in mind while dissecting and don’t overinterpret 
what you see, then it is possible to look at the connective 
tissue (which tends to change relatively little after 
death) with some accuracy. The potential distortions 
are important, and we must keep them in mind when 
interpreting the results of these anatomic studies. 

We actually did compare the spatial relationships in 
cadavers fixed by immersion with measurements that 
are available from living individuals. As mentioned in 
the manuscript, there is a book by Dickinson that was 
published in the 1950s that contains measurements of 
pelvic anatomy in living women, and we were able to 
document the fact that the immersion technique re- 
sulted in the same topography that was found in the 
living individual. Certainly, in the unfixed cadavers 
there are no similar data with which to compare. 

The next issue that Dr. Cruikshank raised, and I 
think it is a critical one for us to consider, is the fact 
that there is a large difference detween what I present 
as anatomic findings and whaz is presented in a dis- 
cussion of clinical applications of these findings, the 
latter being a largely philosopFic discussion. 

I have no specific data to present concerning the 
suspension of the vagina at the time of abdominal or 
vaginal hysterectomy. The discussion of this issue de- 
serves the kind of careful study that Dr. Cruikshank 
has done in his articles in whica he carried out follow- 
up of patients after various suspension techniques. The 
wisest course for us to follow is to look at the anatomy 
of vaginal support for an approach to supporting the 
vaginal apex but to actually depend on clinical follow- 
up studies of different techniques to gain data on the 
success of those different suspension techniques. 

Dr. Cruikshank also asked about the office evaluation 
of a patient to detect the degree of apical prolapse that 
is present with or without the uterus in situ. We do this 
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in both the supine and the standing position. The hy- 
menal ring is a reliable reference point, and you can 
simply measure the distance of the scar at the vaginal 
apex relative to the hymenal ring, either above it or 
below it, to document the degree of apical prolapse that 
is present once the prolapse has maximally developed. 

He also asked about partial defects in the support of 
the vaginal apex, which is a very important issue. The 
status of vaginal support is not a yes-or-no question, 
it’s a “how much” question. It is not, is the vagina pro- 
lapsed? It is, how far down is the apex relative to the 
position that it should normally be in (which is ap- 
proximately 4 to 6 cm above the hymenal ring in the 
resting individual). 

Our quantitative studies on cervical descent' revealed 
that the lateral margin of the cervix can be pulled to 
the level of the hymenal ring in the normal, anesthe- 
tized, multiparous woman. In interpreting the normal 
support of the vaginal apex under traction, we need to 
gather some data about this by taking asymptomatic 
patients who have previously undergone hysterectomy 
and ascertaining the location of the vaginal apex. I 
think that Dr. Cruikshank is right, that there are partial 
defects that occur. Sometimes the vaginal apex is well 
supported; other times it’s obviously everted, and then 
there’s a large group of patients who are in the middle 
with varying degrees of descent. 

Dr. Cruikshank also raises the. issue of patients who 
have moderate to severe uterovaginal prolapse. In 
these individuals tenaculum traction may cause the cer- 
vix to protrude, for example, 4 cm below the hymenal 
ring. The vagina is attached to the cervix, and he points 
out that the vagina prolapses as well. 

There are a number of other techniques that have 
been proposed to resuspend the vagina in these pa- 
tients, which are performed in conjunction with vaginal 
hysterectomy. At present one can only speculate on the 
importance of any one of these techniques because 
there aren’t sufficient data to be able to discriminate 
between the long-term outcomes of various resuspen- 
sion techniques. 

Dr. Meeks has asked if we can identify the patients 
who are at risk for prolapse. This could mean one of 
two groups: (1) the patients who have true prolapse 
that is undetected or (2) those in whom prolapse may 
develop in the future but who are normal now. I would 
comment that at present, because prolapse is a non- 
life-threatening condition and many women have 
asymptomatic relaxation, we should focus not on prog- 
nosis except for the purposes of scientific studies but 
rather on the important diagnostic aspect of detecting 
prolapse when it is present. It 1s important to know 
where the apex of the vagina is in the woman who has 
defective support after hysterectomy. If an inadequate 
preoperative examination is performed and the patient 
isn’t straining forcefully enough, a vaginal eversion that 
is present will be undetected. Anterior and posterior 
colporrhaphy performed under the presumption that 
this is a simple cystocele and rectocele will fail to correct 
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the prolapse unless something 1s done to resuspend the 
vagina at that time. I would emphasize this as a diag- 
nostic and not prognostic issue. 

Dr. Meeks also raised the question of partial defects 
that we’ve already addressed and then again asked 
about the management of the vaginal cuff at the time 
of hysterectomy, specifically raising the issue of whether 
leaving the cuff open adds to support of the vagina, 
assuming that it will become adherent to the structures 
that surround it. This mechanism for support has been 
discussed for many years. It seems to me anatomically 
implausible because the ligaments retract fairly quickly 
after you release them and, unless they are reattached 
to the cuff, cannot be expected to seal to it. 

Tying the ligaments together in the midline to re- 
suspend the vaginal apex is a technique that comes from 
the concept thai the suspensory ligaments are trans- 
verse, as implied by the term éransverse cervical ligaments. 
The concept that the ligaments run horizontally from 
the pelvic sidewall inwardly toward the cervix is a mis- 
apprehension that comes from looking at cross-sec- 
tional material. When we made three-dimensional re- 
constructions of the anatomy in this area, it was obvious 
that the fibers of the cardinal ligaments are vertical in 
the standing individual. So it is illogical to pull things 
together in the midline because normally those liga- 
ments do not come to the midline but attach vertically 
to the lateral margins of the vagina and the cervix. 

A supracervical hysterectomy, by preserving the at- 
tachments of the ligaments to the genital tract, might 
help to maintain support of the genital tract, but I think 
the significant and continuing problems with cervical 
carcinoma would outweigh the considerations about 
genital prolapse, especially since we have relatively 
good treatment for genital prolapse and less satisfac- 
tory treatment for malignant disease of the cervix. 

A cul-de-sac obliteration remains an important part 
of our surgical management in these individuals, al- 
though we have few specific data concerning that. Our 
approach is to focus on the fibrous attachments, and 
we have not considered the cul-de-sac separately. 

The hiatus of the levator ani muscle is of importance, 
and the function of the levator ani muscle itself is also 
critical. I believe that the levator ani muscles are more 
important than the fibrous connections of the vagina 
to the pelvic sidewall. We are just beginning to gather 
data on this condition. It is something that Halban and 
Tandler*, who did the most extensive studies of the 
pathophysiologic characteristics of genital prolapse, 
maintain very forcefully throughout their work, and I 
am Starting to believe that, in fact, the levator ani muscle 
is the primary structure responsible for normal sup- 
port. Today I have focused on the fibrous supports to 
define them, but I believe that over the course of the 
next several years we will begin to better appreciate the 
importance of the levator muscles to support. 

Dr. Jolles raised the issue of the detachment of para- 
colpium from the vagina during radical hysterectomy 
and asks why this doesn’t lead to prolapse. It is also 
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true that at the same time an upper vaginectomy is 
performed. The portion of the vagina that depends on 
level I suspension is removed along with the radical 
hysterectomy specimen as an upper vaginectomy; that 
portion of the vagina that would be unsupported after 
detachment of these ligaments is therefore no longer 
there to prolapse. This explains the fact that there is 
no vaginal prolapse afterward. 

The other issue in these patients concerns the fact 
that the levator ani muscle probably functions normally 
in patients with cervical cancer, and so there’s much 
less downward force on the fibrous connective tissue 
because the pelvic floor remains closed through normal 
muscular activity. Further studies of individuals in 
whom the detachment occurs but the upper vagina is 
not excised might be a very good way for us to test 
some of these issues. 

Dr. Mercer brought up the concept of the pararectal 
fascia as a supportive element. When you become in- 
terested in the endopelvic fascia as I have, itis inevitable 
that you collect a long list of terms for the endopelvic 
fascia. There are probably 70 different names that have 


been applied to this one body of connective tissue, and 


pararectal fascia is one of the terms that occurs com- 
monly. 

The endopelvic fascia is a continuous tissue that has 
various regions. When someone studies it and becomes 
interested in a particular region, they are naturally 
drawn toward the idea of inventing their own name for 
it. The paracolpium actually is an established anatomic 
term that has been more popular in the German ana- 
tomic studies. The pararectal fascia is the posterior ex- 
tension of the connections of the vagina, and there are 
a number of reports using that fascia which overlies 
the iliococcygeus muscle for resuspension. That tech- 
nique does seem to be effective. 

The second question that Dr. Mercer raised has to 
do with separate consideration of level I and level II 
at the time of treatment of vaginal eversion. I would 
agree with Dr. Mercer that the problems of resuspend- 
ing the vagina (level I) are ones that are successfully 
accomplished with several techniques, including sa- 
crocolpopexy, sacrospinous ligament suspension, and 
some other modifications of those. 

The current problem is not with achieving good ap- 
ical support. It’s the cystocele (level II) that develops 
afterward, as Shull et al.? described. The concept that 
a cystocele develops because the pubocervical fascia 
stretched is an entirely unproved concept. Goff,’ in the 


-1940s, examined the then-current hypothesis that it was 


the thinning of the pubocervical fascia that was re- 
sponsible for cystourethrocele. He found, when he 
looked at the pubocervical fascia in individuals with 
cystocele-urethrocele, that it was actually thicker than 
in the normal individual not thinner as most people 
suppose. 

This very important question raises the issue of the 
scientific study of pelvic floor function and pelvic floor 
support. With the armamentarium of imaging tech- 
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niques and the sophisticated physiologic measuring in- 
struments available we can begin to get out of the arena 
of opinion about these issues and start to collect data 
` that can answer some of these important clinical ques- 
tions that have been raised today. . 

I think that it was Dr. Truzin who mentioned, the 
important question of premer.opausal and postmeno- 
pausal changes. I didn’t have time to detail the ages of 
our cadavers, although they are included in the original 
manuscript. The age range was from 7 months to 104 
years. The mean age of the cadavers was the mid-50s. 
-~ It is certainly possible to see changes that occur in 
the connective tissue with age. It becomes much less 
robust and much more fragile. There didn’t seem to 
be precipitate change with the menopause, but there 
did seem to be quite a dramatic change over the course 
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of examining both young and old cadavers. That’s an- ` 
other area that we will be able to collect data on over 
the course of the next 5 or 10 years. 
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Receiver-operator characteristic, efficiency analysis, and 
predictive value of serum progesterone concentration as a test . 


for abnormal gestations 
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OBJECTIVE: Our objective was to determine if a disciminatory progesterone concentration could be 
established that confidently predicted abnormal early gestations. 

STUDY DESIGN: We analyzed differences in progesterone concentrations between normal (n = 40) and - 
abnormal (n = 34) pregnancies during the first 49 days of gestation. The receiver- operator characteristic 


curve, test efficiency, and predictive value of serum progesterone to discriminate between an abnormal 
and normal first-trimester gestation were calculated for progesterone concentrations between 5 and 25 


ng/ml. 


RESULTS: Receiver-operator characteristic curve Dayi indicated that the best discriminatory 
progesterone concentration was 10 ng/ml. Test efficiency was maximum between serum progesterone 
concentration of 9 to 14 ng/ml (80%). When progesterone was <10 ng/ml, the predictive value of the 


' abnormal test result was >90%. 


CONCLUSION: Receiver-operator characteristic analysis, test efficiency, and the predictive value of an 
_ abnormal test result suggest that the best progesterone cut off point that predicts abnormal early 
pregnancies is 10 ng/ml. (Am J Opstet GYNECOL 1992;1 66:1729-37.) 


Key words: Receiver-operator characteristic, piden} analysis, progesterone, abnormal 


. gestation 


Low serum progesterone concentrations are associ- 
ated with abnormal (abortive and ectopic) gestations. 
However, the specific concentration of serum proges- 
terone that represents the best discriminator of an ab- 
normal gestation is unknown. Johansson! was the first 
to demonstrate that abnormal early gestations had pro- 
gesterone concentrations lower than those of viable in- 
trauterine pregnancies. More recent studies’ have ex- 
panded and quantitated these observations. Matthews 
etal.” and Yeko etal.’ reported that serum progesterone 
concentrations -of ectopic pregnancies were <15 ng/ml 


and did not overlap with the distribution of concen-. 


_ trations of normal intrauterine pregnancies. Further- 
more, few intrauterine abortions had progesterone 
concentrations =15 ng/ml. Hubinot et al.* reported less 
uniform results, noting that 11% (64/578) of normal 
` gestations had a concentration <15 ng/ml. Stovall et 
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__ al screened 582 emergency room admissions for early 


pregnancy complications with a single serum proges- 
terone measurement and observed that 13 of 67 ectopic 
pregnancies (19%) had a concentration =15 ng/ml, 
whereas 11% of the normal pregnancy population had 


a concentration <15 ng/ml. Thus the optimal discrim- 


inatory progesterone concentration that can diagnose 


abnormal pregnancies is not well established: As a re- 


sult, its potential accuracy in predicting abnormal first- 
trimester gestations is unclear. 
For this reason we tested the efficacy of a wide range 


of progesterone values in discriminating between nor- | 


mal and abnormal pregnancies during the first 49 days 
of gestation. These data were analyzed by statistical 
methods that evaluate the performance of the test (pre- 
dictive value and test efficiency) and the detection rates 


` of conditions within the study population (sensitivity). 
‘In this way, decisions concerning the ability of serum 
_ progesterone measurements to detect abnormal preg- 


nancies can be based on the performance of the 
test rather than an arbitrary assignment of -cut-off 
points. 


Material and methods . 


Patients. From August 1985 to April 1991, 74 asymp- 
tomatic pregnant patients seen at University Hospital 
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Normal (n=77} Abortion (n=25) Ectopic (n=36) 


Fig. 1. Distribution of progesterone concentrations in women with normal, abortive, and ectopic 


pregnancies during frst 49 days of pregnancy. 


Table I. Summary of number of patients, observations, and mean progesterone concentration by 
condition of first-trimester gestations 


Normal 40 77 24.1 1.5 
Aborted 16 25 10.5 1.7 
Ectopic 18 36 9.0 1.2 


between 28 and 49 days from last menstrual period 


(LMP) who were judged to be at risk for ectopic preg- 
` nancy had serum progesterone measurements one to 
three times per week until diagnosis. Risk was assigned 
on the basis of previous history of infertility, tubal or 
abdominal surgery, or previous ectopic pregnancy. Se- 
rum progesterone concentrations were determined by 
radioimmunoassay with a commercially available kit 
(Diagnostic Products Corporation, Los Angeles, Calif.). 
The intraassay and interassay coefficient of variation 
was 8% and 10%, respectively. All patients conceived 
spontaneously. Patients were classified into three 
groups on the basis of the final diagnosis: group I, 
normal pregnancy (n = 40); group.2, abortive intra- 
uterine pregnancy (n = 16); and group 3, ectopic 
(tubal) pregnancy (n = 18). Twenty-one concentra- 
tions of progesterone (5 to 25 ng/ml at 1 ng/ml incre- 
ments) were used to test critical levels that best deter- 
mined normal and abnormal results. 

Statistics. The capacity of a given progesterone level 
to discriminate between abnormal (ectopic and abor- 
tive) and normal pregnancies was determined with 


2 x 2 contingency tables to calculate the predictive 
value, test efficiency, sensitivity, and specificity at spe- 
cific progesterone concentrations.° The contingency 
table had the following structure: 


Abnormal condition Normal condition 
Abnormal test a C 
Normal test b d 


The abnormal test result is the predictive value of the 
test to determine an abnormal condition when proges- 
terone is below the tested concentration (a/a + c), and 
the normal test result is the probability of a normal 
condition when progesterone is above the tested con- 
centration (d/d + b). The normal and abnormal test 
result were individually correlated with serum proges- 
terone. The test efficiency is the proportion of patients 
correctly assigned as either normal or abnormal 
(a + dla + b + c + d). Test efficiency was also corre- 
lated with progesterone concentrations. A receiver-op- 
erator characteristic curve was used to determine the 
best discriminatory progesterone concentration by plot- 
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+ Normal vs. All Abnormal {Abortion + Ectopic) . 
O Normal vs. Ectopics 


X Normal vs. Abortions 


~ m Ectopic vs. Abortions 
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l N = False Positive - 
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Fig. 2. Receiver-operator characteristic curve. This analysis correlates sensitivity of test with false- 
positive rate (1 — specificity) for each progesterone concentration tested. Analysis was performed 
comparing normal pregnancies against all abnormal pregnancies (+), intrauterine abortions (X), 
and ectopic pregnancies (open box). Additionally, receiver-operator characteristic curve of ectopic 
pregnancies compared with abortions is plotted (block). Diagonal line drawn from 0.00 to 1.00 rep- 


resents “worst” curve. 


ting the sensitivity (a/a + b) of the test at each proges- 
terone level against the percent of normal subjects in- 
correctly classified as abnormal (false positive = 
l — specificity (d/d + c)). The benefit of predictive 
_ value and test efficiency calculations are their ability to 
estimate the performance of the test. The value of the 
receiver-operator characteristic analysis lies in its ability 
to provide a clear computational model of the test over 
the full range of discriminatory progesterone concen- 
trations and estimate the best or discriminatory cutoff 
for the test. The mean serum progesterone concentra- 
tions of each group were compared. with a f test. 


Results 


Table I summarizes the number of patients, the num- 


ber of serum progesterone values, and the mean serum 
progesterone concentration in each diagnostic group. 
The average progesterone concentration in women 
with a normal gestation was 24.] + 1.5, mtrauterine 
abortion was 10.5 + 1.7, and ectopic pregnancy was 
9.0 + 1.2 ng/ml (mean + SEM). The mean progester- 
one concentration in normal gestations was significantly 
higher (p < 0.001) than the progesterone of either ec- 
topic or abnormal intrauterine gestations. The mean 


` progesterone concentration in women with abnormal 
intrauterine gestations was not significantly different 
(p = 0.268) than that in women with a tubal pregnancy. 
These data are graphically represented in Fig. 1. 

Fig. 2 compares the receiver-operator characteristics 
curves for normal pregnancies against abnormal ges- 
tations (abortion and ectopic), abortions only, and abor- 
tion versus ectopic pregnancy at 21 progesterone con- 
centrations. This analysis demonstrates a favorable im- 
provement in the true-positive rate (sensitivity) and 
minimal inclusion of false-positive results when pro- 
gesterone concentrations are between 5 and 10 ng/ml 
for normal pregnancy comparisons. When the discrim- 
inatory progesterone is >10 ng/ml, the curve becomes 
flat. This indicates that a discriminatory progesterone 
>10 ng/ml provides little improvement for the detec- 
tion of true-positive conditions, but only includes more 

_ false-negative results. Additionally, the receiver-oper- 
_ator characteristics curve for abortions and ectopic 
' pregnancies (solid block) indicates that these conditions 
are indistinguishable from one another on the basis of 
progesterone testing. The slope of the linear regression 
: is 1.05, and the correlation coefficient is 0.986. A re- 
ceiver-operator characteristics curve that is parallel to 
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Fig. 3. Predictive value of abnormal test result (ATR) and normal test result (NTR) compared 
with discriminatory serum progesterone concentration in women with normal or abnormal ges- 


tations. 


Table II. Predictive values of test results 


Progesterone cutoff value 


Predictive ‘value of normal test result: 
Normal vs abnormal (%) 


Predictive value of abnormal test result: 





(ng/ml) 

5 64 
6 66 
7 | 67 

8 72 
9 74 
10 76 
li 75 
12 77 
13 78 
14 79 
15 79 
16 79 
17 79 
18 ; 80 
19 83 
20 84 
21 86 
22 87 
23 8S 
24 93 
25 92 


Normal vs abnormal (%) 


The normal test result represents the ability of the test (progesterone concentration) to predict the normal condition when 
progesterone is above the cutoff level. The abnormal test result represents the ability of the test to predict the abnormal condition 
when progesterone is below the cutoff level. Calculations were performed at 21 progesterone concentrations (5 to 25 ng/ml) and 
normal pregnancies were compared with abnormal pregnancies (aborted and ectopic). 


‘a diagonal line drawn from 0,0 to 1,1 represents a poor 
(worst) test, having no ability to detect either condition. 

Because abortions could not be distinguished from 
ectopic pregnancies, our analysis of predictive value 
and test efficiency focused on testing for normal preg- 
nancies compared with abnormal conditions (abortion 


and ectopic). Table II summarizes the normal and ab- 
normal test result for normal gestations compared with 
abnormal gestations for progesterone concentrations 
betweeen 5 and 25 ng/ml]. The abnormal test result for 
normal versus abnormal pregnancies ranged from 53% 
to 190% over the range of serum progesterone con- 
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Fig. 4. Correlation of test efficiency (proportion of cases correctly classifed either abnormal or 
normal) with serum progesterone. Second-order polynomial describes these data (y = 0.353 + 


0.093x — 0.006x?, r = 0.986). 


centrations tested. The progesterone concentration 
tested was negatively correlated with the abnormal test 
result (Fig. 3). The linear regression of the abnormal 
test result for abnormal gestations demonstrated a sig- 
nificant negative correlation with increasing progester- 
one concentrations (r = — 0.988). 

The normal test result of the progesterone discrim- 
inatory test is also summarized in Table I1. Just like the 
abnormal test result, these calculations compared nor- 
mal versus abnormal gestations at 21 progesterone con- 
centrations. The normal test result was a poor predictor 
of a normal pregnancy and was not 280% until the 
progesterone concentration was =18 ng/ml. Fig. 3 
shows the correlation between the normal test result 
derived from these calculations with progesterone con- 
centrations. It was positively correlated with increasing 
progesterone concentrations (r = 0.972). 

Fig. 4 correlates the test efficiency for simultaneous 
detection of normal and abnormal gestations with pro- 
gesterone concentrations. Peak efficiency occurred 
when progesterone concentrations ranged from 9 to 
14 ng/ml. The test efficiency ranged from 79.7% to 
80.4% in this range of progesterone. 


Comment 


Human chorionic gonadotropin (hCG)*" and ultra- 
sonographic monitoring” of early pregnancy usually 
require several days of observation before a confident 
diagnosis can be determined. Furthermore, ectopic ges- 
tations may not produce sufficient quantities of hCG 
to raise the serum concentration of hCG to the dis- 


criminatory ultrasonographic range before rupture or 
tubal injury occurs. Because of these limitations, other 
rapid monitors or early gestational normalcy have been 
sought. 

Progesterone monitoring of early gestations has been 
studied as an alternative to serial hCG monitoring by 
several authors.™® Only a single measurement is re- 
quired compared with the serial observations required 
for hCG concentrations. Unfortunately, most reports 
describing the use of progesterone have established 
cutoff points empirically and have not sought the “best 
test” of their analysis. Statistical tools that allow in- 
formed decisions concerning the best test include the 
receiver-operator characteristic curve, the predictive 
value of the test, and test efficiency.® All offer simple 
computational solutions to the problem faced by phy- 
sicians who must determine the best test for a clinical 
condition. They allow us to maximize the detection of 
the condition of interest and minimize erroneous clas- 
sifications, and they are ideally suited for the problem 
of the best test analysis here. 

The advantage of the receiver-operator characteristic 
curve is its ability to determine the best test to diagnose 
a condition. Fig. 2 illustrates two important points con- 
cerning the progesterone cutoff points. First, as the 
progesterone concentration increases, both the sensi- 
tivity and false-positive rate increase. Second, any pro- 
gesterone concentration can be selected as a discrimi- 
natory cutoff, but the best cutoff is that associated with 
highest sensitivity and lowest false-positive rate. In our 
data, receiver-operator characteristic curve analysis in- 
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dicated that a progesterone concentration <10 ng/ml 
is the optimal discriminatory test. False-positive rates 
are <5% (0% to 3.9%) at th:s concentration, and the 
maximum sensitivity is 59%. Higher sensitivities can be 
obtained at higher progesterone concentrations, but 
the false-positive rate increases dramatically as well. Ad- 
ditionally, the receiver-operator characteristic curve 
demonstrates that progesterone monitoring of early 
gestations cannot distinguish between ectopic pregnan- 
cies and abortions. 

At the derived best cutoff point (10 ng/ml), the pre- 
dictive value, rather than the sensitivity, is the best in- 
dicator of how well the test will perform. The abnormal 
test result of abnormal gestations was >90% (92% to 
100%) when the: progesterone level was <10 ng/ml. 
This suggests that when the discriminatory progester- 
one concentration is 10 ng/ml, this test would correctly 
identify at least 90% of all abnormal gestations. Un- 
fortunately, the normal test result is unable to deter- 
mine gestational normalcy. The probability of a normal 
gestation is not >80% until the progesterone level is 
=18 ng/ml. Thus caution must be exercised by the 
clinician to not overinterpret the significance of a high 
serum progesterone concentration. Further analysis of 
the ability of the normal test result to exclude ectopic 
pregnancies and detect normal gestations is required. 

Test efficiency analysis indicated that simultaneous 
detection of abnormal and normal conditions was max- 
imal when the progesterone cutoff ranged from 9 to 
14 ng/ml. This reassures us that the cutoff point of 10 
ng/ml derived for the receiver-operator characteristic 
provides high predictive value and maximum test ef- 
ficiency. 

Potential biases of this study may affect our analysis. 
First, the optimal progesterone cutoff point may vary 
as a function of the specific reagents or assay used to 
determine serum progesterone concentrations. Sec- 
ond, our study incorporated multiple progesterone 
measurements on each patient. The average number 
ot observations for each patient m the three groups was 
not significantly different (normal 1.8, abortion 1.6, 
ectopic 2.0, p = 0.199). This potential bias could be 
eliminated by increasing the number of patients and 
using only one data point per patient. Another poten- 
tial bias is the relatively high proportion of ectopic preg- 
nancies identified in this study group. We purposely 
excluded abortion and ectopic patients who had symp- 
toms or an obvious diagnosis. Such patients were man- 
aged on an emergency basis witaout the need to esti- 
mate their risk. Additionally, many patients in our prac- 
tice were excluded because they conceived after 
follicular stimulation with human menopausal gonad- 
otropins or clomiphene citrate. These preparations sig- 
nificantly increase progesterone concentrations in all 
three groups (data not shown). 

We believe that our analysis is representative of 
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women who conceive spontaneously. It is the first at- 
tempt to determine the “best” discriminatory proges- 
terone concentration on the basis of statistical modeling 
of the test. As our series enlarges and as additional tests 
are derived, these can be measured against our prelim- 
inary data. In this fashion informed decisions concern- 
ing the efficacy of new tests and the best cutoff point 
for progesterone can be compared. 


We gratefully acknowledge the skilled technical as- 
sistance of Denise M. Daniels and Angela T. Remley, 
and the editorial assistance of Pamela K. Fryer and 
Donna White. 
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Discussion 

Dr. THOMAS G. STOVALL, Memphis, Tennessee. Se- 
rial quantitative hCG titers in samples taken 48 hours 
apart have long been the standard endocrinologic 
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Fig. 1. Receiver-operator characteristic curves for three methods of pregnancy screening. Curve for 
progesterone (P); plus signs, two hCG titers taken 48 hours apart; minus signs, progesterone combined 


with serial hCG titers. 


method used to help diagnose ectopic pregnancy. Un- 
fortunately, up to 21% of patients with ectopic preg- 
nancy can have normally rising hCG titers.’ Also, serial 
titers require at least two blood samples spaced by 48 
hours, thereby delaying diagnosis by =2 days. 

Cowan and his colleagues have used receiver-oper- 
ator curves analysis, which graphically represents com- 
binations of comparisons between sensitivity and spec- 
ificity for a partial test. The better the test for detecting 
an abnormal condition, the further upward and to the 
left the curve will be displaced. 

They have suggested that the discriminatory pro- 
gesterone level should be 10 ng/ml; however, as can 
be seen in Fig. 1, at this level one is unable to determine 
whether a gestation is normal. The probability that the 
pregnancy is normal is not >80% until the progester- 
one concentration =18 ng/ml. This is inadequate for 
clinical practice. To use this test in clinical practice to 
predict normality, the test needs to be predictive in 
virtually 100% of cases. Thus, to predict pregnancy 
normality, the 25 ng/ml cutoff should be used. 

At the 1988 American Fertility Society Meeting, our 
group reported the receiver-operator characteristic 
curve of 1120 first-trimester patients and compared the 
sensitivity and specificity of serial hCGs and progester- 
one at various cutoff levels.? The curves from our in- 
vestigation are shown in Fig. 1, whereas Tab.e I com- 
pares the sensitivity and specificity of progesterone at 
multiple cutoffs alone and in combination with an 
hCG rise of <66% over a 48-hour period with these 
data. 

Should a single progesterone value replace serial 
hCG titers for ectopic pregnancy diagnosis? With our 
data, at =25 ng/ml, the sensitivity of a single proges- 
terone level for detecting normal pregnancy is 0.970. 
The sensitivity rises only 0.022 with the addition of two 
hCG titers separated by 48 hours. In our series only 
one additional abnormal pregnancy would have been 
detected, with no additional ectopic gestaticns identi- 
hed. If the screening progesterone level ts =25 ng/ml, 


Table I. Comparison of sensitivities and 
specificities of single serum progesterone 
measurement at different values, serial hCG 
titers drawn 48 hours apart, and combination 
of serum progesterone and hCG titers 


Characteristic Specificity 
Progesterone <10 ng/ml 0.805 0.982 
Progesterone <15 ng/ml 0.887 0.645 
Progesterone <25 ng/ml 0.970 0.301 
hCG <66% rise 0.887 0.516 
Progesterone <10 ng/ml and 0.722 0.935 
hCG <66% increase 

Progesterone <10 ng/ml or 0.970 0.473 
hCG <66% increase 

Progesterone <15 ng/ml and 0.797 0.817 
hCG <66% increase 

Progesterone <15 ng/ml or 0.977 0.344 
hCG <66% increase 

Progesterone <25 ng/ml and 0.865 0.688 
hCG <66% increase 

Progesterone <25 ng/ml or 0.992 0.129 


hCG <66% increase 


The first international reference preparation of hCG was 
used. 


virtually all of these patients have viable intrauterine 
pregnancies. Only 1% to 1.5% of ectopic pregnan- 
cles are associated with progesterone levels of =25 
ng/ml. 

To be of optimal clinical utility in predicting an ab- 
normal pregnancy, any test would have a 100% speci- 
ficity, but sensitivity would then be sacrificed. This level 
of specificity is mandatory if patients are to undergo 
endometrial curettage on the basis of an abnormal test 
result. We recenily reported another series of over [100 
serum progesterone levels in patients with viable preg- 
nancies.” The lowest serum progesterone level associ- 
ated with a viable pregnancy was 5.1 ng/ml, leaving us 
to choose a cutoff value of 5.0 ng/ml. Therefore, if the 
serum progesterone value is <5.0 ng/ml, the preg- 
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_nancy is nonviable in 100% o= cases and the patient can 
. undergo curettage without fear of interrupting a viable 
gestation. 

On the basis of both our data and the data presented 
by Cowan etal. I believe the role of serum progesterone 
in chnical practice appears to be that of a screening tool 

for both normal and abnormal pregnancies. If the 
screening progesterone level :s =25 ng/ml, the patient 
can be reassured that the pregnancy is viable in >95% 
of cases; if the progesterone level is <5.0 ng/ml, the 
pregnancy is considered noriviable. Patients can un- 
dergo evacuation of the uterus without fear of inter- 
rupting a viable pregnancy. On the other hand, if the 
serum progesterone level is =5 but <25 ng/ml, further 
testing, including serial hCG titers and transvaginal ul- 
trasonography, is necessary. 

This study is an excellent contribution to our body 
of knowledge concerning the role of serum progester- 
one screening. I congratulate Dr. Cowan and colleagues 
on- their work. 

The following questions are offered for discussion: 
(1) Do the authors screen all pregnant patients with a 
single serum progesterone level or only those patients 
with symptoms or risk factors for ectopic pregnancy? 
(2) Do the authors feel comfor-able basing their results 
on only 40 normal and 34 abnormal pregnancies, of 
which only 18 were ectopic pregnancies? 
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Dr. ASGHAR AFSARI, West Bloomfield, Michigan. 
Predicting the well-being of an early pregnancy from 
one or more maternal serum hormones has been the 
subject of many investigations. When multiple param- 
eters have been used to better appreciate the diagnostic 
“significance of each, the receiver-operator character- 
-istic curve has been used. It is shown that the serum 

progesterone level is the single most important predic- 
tor of pregnancy viability.’ 


‘Dr, Cowan and his colleagues have tried to demon- 


_ strate the performance of serum progesterone levels 
for the predictive value and efficiency level at various 
concentrations. A cut-off point of 10 ng/ml is suggested 
to be an optimal discriminatory level to differentiate 
between a normal versus an abnormal pregnancy. How- 
ever, pragmatically speaking, a sensitivity of 59% as 
cleimed by the authors is not a desirable level to com- 
fortably counsel patients. I agree with the authors that 
a cut-off between 9 and 14 ng/ml may be a maximum 
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efficiency level for detection of abnormal and normal 
conditions, although the higher the progesterone level 
the better the predictive chance to have an intact nor- 
mal intrauterine pregnancy. Furthermore, the test is 
100% predictive of an abnormal pregnancy when the 
level of serum progesterone is =6 ng/ml, as has been 
demonstrated by the other authors earlier. It is also 
further apparent from the manuscript that there is al- 
ways an overlap of serum progesterone concentrations 
in normal and abnormal pregnancies. The critical level 
where abnormal and normal test results cross is at a 
serum progesterone level between 14 and 15 ng/ml, at 
a predictive value of 79%. Because of this, monitoring 
of early pregnancies by transvaginal ultrasonography 
and prompt interpretation of these data and serial se- 
rum B-hCG are important. The last two parameters in 
conjunction with serum progesterone levels will further 
offer to confirm the differential diagnosis between 
tubal pregnancy and abortive intrauterine gestation. 

As a side remark, Dr. Cowan and his coauthors have 
made a point that by using the receiver-operator char- 
acteristic curve they have been able to avoid an empiric 
cutoff of the serum progesterone level. The detailed 
and elaborate monograph by Charles E. Metz clearly 
explains, “The ROC curve is shown to be a simple, yet 
complete empirical description of threshold effect, in- 
dicating all possible combinations of the relative fre- 
quencies of the various kinds of correct and incorrect 
decisions.”” 

I agree with the authors that an optimal serum pro- 
gesterone cutoff point would vary depending on the 
reagents, assay methods, and kits used in various lab- 
oratories. Additionally, perhaps this sort of clinical in- 
terpretation would require a larger amount of patients. 

Finally, I have several questions for the authors. (1) 
In patients with tubal pregnancies, what was the per- 
centage of rupture? Was a single serum progesterone 
level as critical as multiple serum measurements and 
has there been any time delay to reach a diagnosis as 
a result of this phenomemon? (2) Did the estimated 
gestational age of pregnancy from LMP influence the 
overall serum progesterone concentration? (3) What 
was the outcome of normal pregnancies whose serum 
progesterone concentration was <15 and =10 ng/ml? 
Was there any treatment rendered and what was the 
percentage of babies taken home? 
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Dr. C. BRANDON CHENAULT, San Antonio, Texas. I 
wonder about the variations in laboratory in terms of 
interpreting these parameters. 

Dr. Cowan (Closing). Dr. Stovall I think has focused 
on the controversy of serum progesterone measure- 
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ments in trying to determine the presence or absence 
of abnormal pregnancies. We do not use this test to 
make that determination. We use this test to make a 
determination of a risk. I think that if you’re going to 
use the test to say whether the patient has an abnormal 
or a normal pregnancy, you need to use parameters 
that give you 100% predictability. 

' There are two important things that you can derive 
from the receiver-operator characteristic. One is infor- 
mation about what that value means for the application 
to your clinical population, and the second is other tests 
from other groups. Other studies or new information 
that you may put into your data base can be applied 
with the same type of interpretation. 

This analysis was a retrospective analysis. We screen 
our patients with hCG doubling and ultrasonography, 
but we retrospectively analyzed the progesterone once 
we knew what their diagnosis was. We are confident 
with the small numbers; they are consistent with Dr. 
Stovall’s larger numbers. Our confidence is derived 
from the statistical ability to compare information from 
new studies with the ROC analysis. 

To address Dr. Stovall’s and Dr. Sokol’s comments, I 
agree that there still needs to be the acid test. We must 
move to the clinical arena and ask the question, “Can 
we use serum progesterone to screen or detect the ab- 
normal condition that we can retrospectively analyze in 
a computational model?” Dr. Stovall has published two 
reports that have addressed the application of that type 
of testing. 

To answer Dr. Afsari’s questions, none of our patients 
had ruptured ectopic pregnancies. All were diagnosed 
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early in the course of their condition with hCG moni- 
toring and ultrasonography. There were no delays 
based on serum progesterone measurements, and all 
patients received treatment with either laparoscopic 
surgery, OF methotrexate on the basis of the patient's 
preference. 

The time from the LMP does influence the serum 
progesteroné concentration in both normal and ab- 
normal pregnancies. A linear regression model of pro- 
gesterone concentrations over time shows that time 
negatively influences the serum progesterone level in 
the first 49 days of pregnancy. Dr. Afsari asked about 
the pregnancy outcome of the patients with normal 
pregnancies and progesterone values <15 or <10 
ng/ml. We provided no treatment for these patients. 
They did not receive supplemental progesterone. All 
of these were normal pregnancies, and the rate of 
babies taken home was 100% for this group of pa- 
tients. 

Dr. Chenault asked about laboratory variations. This 
is a very important consideration. In comparing pro- 
gesterone values, each laboratory or group of investi- 
gators will need to derive their particular progesterone 
cutoff. With receiver-operator characteristic analysis 
the aspects of each particular assay and its variability 
can be obviated by the ability to return to the receiver- 
operator characteristic analysis and simply determine 
how a new population compared with, for example, 
our population or Dr. Stovall’s population. 

And last, for Dr. Sokol, I agree. It’s time to take this 
type of information to the clinical environment to see 
if we can do as well as we think we might be able to do. 
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Prevalence of out-of-phase endometrial biopsy specimens 


Albert J. Peters, DO, Riley P. Lloyd, MD, and Carolyn B. Coulam, MD. 


| Indianapolis, Indiana 
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OBJECTIVE: We attempted to datermine the prevalence of out-of-phase endometrial biopsy specimens 
among fertile and infertile women and women with recurrent pregnancy loss, histologic dating of biopsies 
was compared with four reference points for expected ovulation. These reference points included last 
menstrual’ period, next menstrual period, luteinizing hormone testing, and ultrasonographic documentation 


' of ovulation. . ; 


STUDY DESIGN: Four hundred eight- -five endometrial biopsies were ae 7 days after documented 
ovulation-based ultrasonographic evidence for follicle collapse. The histologic dating was referenced to the 
last menstrual period, next menstrual period, and ultrasonographic documentation of ovulation. One 
hundred thirty-two of these women also performed urinary luteinizing hormone surge testing before 
ovulation and serum progesterone determinations. A comparison of the prevalence of out-of-phase biopsy 
specimens among groups was determined with the x? test and Fisher's exact test. 

RESULTS: The prevalence of out-of-phase endometrial biopsy specimens ranged from 42% when last 


menstrual period was ued to 26% with next menstrual period, to 21% 


with luteinizing hormone testing, and 


to 4% with ultrasonographic documentation of ovulation. Serum progesterone values among women with a 
diagnosis of out-of-phase biopsy specimens by any of the reference dates progesterone were similar to 


those with in-phase biopsy specimens. 


CONCLUSION: The accuracy of ristologic endometrial dating was best determined by ultrasonographic 
monitoring rather'than by last menstrual period, next menstrual period, or luteinizing hormone testing in 
infertile populations and in those with recurrent pregnancy loss. Additionally, because no significant - 
difference in out-of-phase biopsy specimens exists between fertile and infertile patients and recurrent 
pregnancy loss, those with the role of this one is called into question. AM J OBSTET GYNECOL 
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Key cones Out-of-phase biopsy specimens, ovulation, endometrial se infertility, 


recurrent pregnancy loss. 


areal eee defect was initially E as a defective 
corpus luteum with insufficient progesterone produc- 
tion, whether in amount or duration.’ Since its first 
description, there has been a lack of consensus as to 
the role of luteal phase defect as a cause of reproductive 
failure. Disagreement has.primarily been a result of a 
lack of controlled studies to determine whether cor- 
rection of the luteal phase defect is of value in treating 
patients with reproductive preblems. Accurate conclu- 
sions about treatment must be preceded by accurate 
diagnosis of the defect. Diagnosis by serum progester- 
one level, menstrual history, and shortened luteal phase 
have been inadequate. The accepted standard of di- 
“agnosis remains an‘ endometrial biopsy: with histologic 
dating and the criteria established by Noyes et al.” Tra- 
ditionally, histopathologic dat-ng has been compared 
to onset of next menstrual period; dating is started at 


Fi rom the Center for Reproduction and T ransplantation Immunology, 
Methodist Hospital of Indiana, Inc. 

» Community Hospital Award, presented at the Fifty-ninth Annual 
Meeting of the Central Association of Obstetricians and Gynecologists, 
Colorado Springs, Colorado, October 10-12, 1991. 

Reprint requests: Albert J; Peters, DO, Northwestern University Med- 
ical School, Prentice Women’s Hospitel 1504, 333-E.Superior St., 
Chicago, IL 60611. 

616137133 «© 


H 


173800. E 


day 28 and counted backward.’ The day of ovulation 
is considered to be day 14 in a normal cycle. The con- 
ventional diagnosis of luteal phase defect has been 
made by demonstrating a discrepancy between histo- 
logic dating and menstrual history by 2 days.” 3 

More recently, measurement of Juteinizing hormone 
(LH) or demonstration of ovarian follicular rupture 
with ultrasonography has allowed a more objective doc- 
umentation of ovulation.* In a recent study,’ when his- 
tologic dating of the endometrium was correlated with 
postovulatory duration as determined by daily trans- 
vaginal ultrasonographic scanning, serum LH deter- 
mination, basal body temperature, and subtraction of 
14 days from onset of next menstrual period in 13 
fertile women, the accuracy of dating was significantly 
better with days from ovulation determined by ultra- 
sonography. 

The purpose of this study was to compare the fre- 
quency with which the diagnosis of out-of-phase biopsy 
specimens is made on the basis of dating of the en- 
dometrial. biopsy’specimen from the onset of the last 
and the next menstrual cycles and from the time of 
ovulation documented by urinary LH testing and serial 
ultrasonographic examinations. The prevalences of 
out-of-phase. biopsy specimens with each of these ref- 
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erence points was compared among infertile women, 
women experiencing recurrent pregnancy. loss, and 
fertile women. These results are also compared with 
midluteal phase serum progesterone concentrations. 
The results of this study will be useful in managing 
cases in which patients are being evaluated for repro- 
ductive failures. 


Material and methods 


Patients. Four hundred eighty-five women were 
studied; of these, 340 were infertile, 115 had experi- 
enced recurrent pregnancy loss, and 30 were fertile. 

Infertility was defined as the inability to achieve de- 
sired pregnancy after 1 year of unprotected inter- 
course. The evaluation of couples presenting with in- 
fertility consisted of documentation of ovulation by 
means of urinary LH testing, monitoring of folliculo- 
genesis with serial ultrasonographic examinations, eval- 
uation of luteal phase serum progesterone concentra- 
tions, and endometrial biopsies. Sperm availability was 
documented by semen analysis and the hamster egg 
penetration assay. Male factor as a cause of infertility 
was diagnosed if the sperm concentration was <20 mil- 
lion spermatozoa per milliliter, motility and/or normal 
morphologic characteristics were <50%, and/or the 
hamster egg penetration assay revealed <12% pene- 
tration. Tubal factor as a cause of infertility was assessed 
by hysterosalpingography and pelvioscopy. Tc be as- 
signed a diagnosis of tubal factor as a cause of infertility, 
a woman had to have tubal occlusion documented by 
hysterosalpingography and pelvioscopy, . peritubal 
adhesions displayed at the time of pelvioscopy, or a 
history of having undergone a previous tuboplasty. The 
diagnosis of endometriosis was made by demonstration 
of endometrial implants within the peritoneal cavity at 
the time of pelvioscopy. Unexplained infertility was di- 
agnosed if the evaluation yielded no discernible cause. 

Recurrent pregnancy loss was defined as two or more 
consecutive spontaneous abortions. Evaluation of cou- 
ples with recurrent pregnancy loss included chromo- 
some analysis of both partners, hysterosalpingography 
and hysteroscopy of the female partner; luteal phase 
serum progesterone concentration and endometrial 
biopsies; autoantibody testing, including tests for an- 
tinuclear antibodies and antiphospholipid antibodies 
(e.g., anticardiolipin and antiphosphatidylserine, anti- 
bodies), activated partial thromboplastin time, assays 
for the presence of maternal antipaternal lymphocy- 
totoxic antibodies®; mixed lymphocyte culture; and hu- 
man leukocyte antigen typing of both partners. 

The control group was composed of 30 volunteer 
women from the Indianapolis community. Complete 
medical and obstetric histories were obtained from each 
woman. A fertile control was defined as a woman who 
had had two or more successful pregnancies and who 


hs 
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was able to conceive a desired pregnancy within | year 
of unprotected intercourse. Volunteers with three or 


.fewer pregnancies have had. no spontaneous abortions ` 


and also must have had at least two children. Volunteers 
with four or more pregnancies may have had one spon- 
taneous abortion. However, the most recent pregnancy 
must have been normal, and these women must have 
been able to meet the other criteria for women with 
three or fewer pregnancies. 

Menstrual history. Each woman nad her menstrual 
history, including the onset of her last menstrual period 
(LMP) and the next menstrual period during the mon- 
itored cycle, recorded. When the LMP was used as a 
reference point by which to date the endometrial biopsy 
specimen, ovulation on day 14 of a 28-day menstrual 
cycle was assumed. When the next menstrual „period 
was used as a reference of the day of endometrial bi- 
opsy, a 14-day luteal phase (and hence ovulation) was 
assumed to have occurred 14 days before the onset of 
the next menstrual period. | 

Endometrial biopsy. All women had an endometrial! 
biopsy performed during the luteal phase of the men- 
strual cycle 7 to 10 days after documented ovulation 
on the basis of ultrasonography. Biopsy specimens were 
obtained with a Novak curette, and the tissue was fixed 
in a 10% neutral buffered formalin solution and 
embedded in paraffin blocks. Hematoxylin and eosin— 
stained sections were examined and dated according - 
to the criteria of Noyes et al.* The histologic dating was 
compared with the cycle day of the biopsy according 
to the onset of the LMP, the onset of the next menstrual 
period, the urine LH level, and ovulation on the basis 
of ultrasonographic monitoring. Out-of-phase biopsy 
specimens were diagnosed if the histologic appearance 
of the endometrial biopsy specimen was >2 days out 
of phase from the day on which the biopsy was per- 
formed. 

LH testing. LH testing was done by qualitative means 
using the Q Test ovulation kit (Clay Adams, Parsippany, ` 
N.J.). This is ‘a monoclonal antibody enzyme immu- 
noassay dipstick designed to visually detect human LH 
in urine specimens. Sensitivity of the Q Test is 97% 
relative to reference radioimmunoassay =60 mIU/ml) 
for urine’ samples. Patients were instructed to collect 
first-morning urine specimens daily from cycle day 10 
until an 'LH surge was detected. The dipsticks .were 
blotted and included in the patient’s medical record. 
Ovulation was assumed to occur within 24 hours of LH © 
surge. : BoT 
Ultrasonographic monitoring of ovulation. Ultra- 
sonographic examination was begun on days 8 to 10 of 
the menstrual cycle and continuėd every 2 to 3 days 
until follicle rupture was documented. The criteria for ° 
ultrasonographic evidence of ovulation have been de- 
scribed by Hill et al.*: The dominant follicle shows loss 
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Table I. Clinical characteristics of 485 women 
participating in endometrial biopsy study 





32 21-42 0.9 0-5 
Recurrent spontaneous abortion 32 21-42 4.0 


Infertile 


2~] 
Fertile 31 ‘22-37 3.0 2-5 


of clear demarcation of its walls, there is a decrease in 
follicular size, and intrafollicular echoes occur. In ad- 
dition, increased volume of fluid in the cul-de-sac sug- 
gested ovulation. 

Serum progesterone determinations. Blood was 
drawn from each woman at the time of endometrial 
biopsy. Each blood specimen was evaluated for serum 
progesterone concentration with a radioimmunoassay 
(Diagnostic Products Corporation, Los Angeles). 

Comparative analysis. The prevalence of diagnosis 
of. out-of-phase biopsy specimens on the basis of his- 
tologic dating of the endometrium from the LMP and 
the next menstrual period was compared with the fre- 
quency of diagnosis of out-of-phase biopsy specimens 
on the basis of ovulation documented by LH testing 
and/or ultrasonographic monitoring. The x’ test and 
Fisher’s exact test were used. The prevalence of diag- 
nosis of luteal phase defect on the basis of mean mid- 
luteal phase progesterone concentration- for each group 
was determined by Fisher’s exact test. These compar- 
isons were made among infertile women, women ex- 
periencing recurrent pregnancy loss, and fertile control 
women. 


Results 


Patients. Table I summarizes the clinical character- 
istics of the women participating in the study. The mean 
age of the infertile women was 32 years (range 21 to 
42 years) in women with recurrent pregnancy loss, it 
was 32 years (range 21 to 42 years), and in fertile 
women it was 31 years (range 22 to 37 years). The mean 
gravidity among women with recurrent spontaneous 
abortion was 4 (range 2 to 113; among fertile control 
women, 3 (range 2 to 5); and among infertile women, 
0.9 (range 0 to 5). 

The frequency of diagnosis of infertility is summa- 
rized in Table II. Of the 340 infertile couples studied, 
120 (35%) had the diagnosis of tubal factor as a cause 
of infertility; 106 (31%), unexplained infertility, 76 
(23%), male factor, and 38 (11%), endometriosis. Those 
women who had a diagnosis of ovulatory factor as a 
cause of infertility were not included inthis study. 

Prevalence of out-of-phase biopsy specimens. The 
prevalence of out-of-phase endometrial biopsy speci- 
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Table II. Frequency of causes of infertility 
diagnosed in 340 couples 


z 


Cause of infertility 


Tubal factor 120 35 
Unexplained 106 31 
Male factor 76 23 
Endometriosis 38 11 
TOTAL 340 100% 


mens among infertile women, women experiencing re- 
current pregnancy loss and fertile women is summa- 
rized in Figs. 1 to 4. 

Among 340 infertile women, 146 (43%), 92 (27%), 
and 12 (3.5%) displayed histologic evidence of out-of- 
phase endometrial biopsy specimens when the LMP, 
the next menstrual period, and ultrasonographic re- 
sults, respectively, were used as reference points for 
ovulation (Fig. 1). Urinary LH testing was performed 
by 93 of the 340 infertile women, of whom 20 (22%) 
had histologic evidence of out-of-phase endometrial bi- 
opsy specimens. xê analysis revealed that significantly 
fewer out-of-phase biopsy specimens were diagnosed 
when ultrasonography was used as a reference for his- 
tologic dating rather than the LMP, the next menstrual 
period, or LH testing (p < 0.05), but no significant dif- 
ference was noted between results from the use of the 
next menstrual period and LH testing (Fig. 1). 

Fig. 2 demonstrates the prevalence of out-of-phase 
endometrial biopsy specimens among 115 women ex- 
periencing recurrent spontaneous abortions. Among 
these 115 women, 45 (38%), 28 (24%), and 6 (5%) had 
histologic evidence of out-of-phase endometrial biopsy 
specimens when LMP, the next menstrual period, and 
ultrasonographic results, respectively, were used as ref- 
erence points for ovulation. When urinary LH testing 
was performed by 24 women, 5 (20%) had histologic 
evidence of out-of-phase endometrial biopsy speci- 
mens. Again, x? analysis revealed significantly fewer 
out-of-phase biopsy specimens when ultrasonography 
was used as the reference for histologic dating rather 
than the LMP, the next menstrual period, or LH testing 
($ < 0.05). 

Among 30 fertile women, 15 (50%), 9 (32%), and 3 
(10%) had histologic evidence of out-of-phase endo- 
metrial biopsy specimens when the LMP, the next men- 
strual period, and ultrasonographic results, respec- 
tively, were used as reference points for ovulation (Fig. 
3). Fifteen of the 30 fertile control women performed 
urinary LH testing as a reference for ovulation. As a 
result of urinary LH testing, 4 of 15 (26%) demon- 
strated out-of-phase endometrial biopsy specimens. 
Among fertile controls, Fisher’s exact test demon- 
strated significantly fewer out-of-phase biopsy speci- 
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Fig. 1. Prevalence of out-of-phase endometrial biopsy specimens among 340 infertile women; biopsies 
are on basis of onset of LMP, next menstrual period (NMP), urinary LH testing, and documentation 
of follicle rupture by ultrasonographic examination (U/S). 
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Fig. 2. Prevalence of out-of-phase endometrial biopsy specimens among 115 women with history of 
recurrent spontaneous abortion on basis of onset of LMP, next menstrual period (NMP), urinary 
LH testing, and documentation of follicle rupture by ultrasonographic examination (U/S). 
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Fig. 3. Prevalence of out-of-phase endometrial biopsy specimens among 30 fertile women on basis 
of onset of LMP, next menstrual period (NMP), urinary testing, and documentation of follicle rupture 
by ultrasonography examination (U/S). 
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R&A FERT 


Fig. 4. Prevalence of out-of-phase endometrial biopsy specimens among 340 infertile women INF, 
115 women experiencing recurrent spontaneous abortion (RSA), and 30 fertile women (FERT) when 
ultrasonographic documentation of ovulation was used to compare dating of endometrial biopsy 


specimens. 


Table III. Prevalence of out-of-phase 
endometrial biopsy specimens among infertile 
women by specific cause of infertility 






Prevalence of o-st-of-phase biopsy specimens 










P NMP LH 


LM 
42 71 30 14 20 | 





Cause of infertility Yo 


Explained 100 9 4 
Tubal factor 54 45 38 32 7 2] 3 2 
Male factor 36 47 27 36 7 25 5 6 
Endometriosis 10 26 6 16 0 0 ] 2 

Unexplained 46 43 21 20 6 24 gs 3 

TOTAL 146 43 92 27 20 22 12 4 

_ Significance p<0.05* p< 0.05* 


NMP, Next menstrual period; US, ultrasonographic testing. 


*Significantly fewer out-of-phase biopsy specimens were ob- 
served when either LH or ultrasorographic testing was used 
as the reference for histologic dating of biopsy specimens. 


mens when ultrasonography was used as a reference 
for histologic dating rather than the LMP (p < 0.05). 

Fig. 4 summarizes the prevalence of out-of-phase en- 
dometrial biopsy specimen among 340 infertile women, 
115 women experiencing recurrent spontaneous abor- 
tion, and 30 fertile women when ultrasonographic doc- 
umentation of ovulation was used as a point of refer- 
ence in comparison of the hisiologic findings of the 
endometrial biopsy specimen. The prevalence of out- 
of-phase endometrial biopsy specimens was 3% in in- 
fertile women, 5% in women experiencing recurrent 
spontaneous abortion, and 10% in fertile women. A x? 
analysis revealed no significant difference among these 
groups (p > 0.05). 


Further analysis of the prevalence of out-of-phase 
endometrial biopsy specimens by specific cause of in- 
fertility is shown in Table III. The prevalence of out- 
of-phase endometrial biopsy specimens was 4% among 
women with an explained cause of infertility and 3% 
among those with an unexplained cause when ultra- 
sonographic documentation of ovulation was used as a 
reference for comparison of the histologic findings of 
the endometrial biopsy (Table III). 

Serum progesterone determinations. Mean serum 
midluteal progesterone concentrations from 93 infer- 
tie women, 24 women experiencing recurrent preg- 
nancy loss, and 15 fertile women are presented in Table 
IV. 

When mean serum progesterone concentrations 
from infertile women with out-of-phase endometrial 
biopsy specimens were compared with serum proges- 
terone values from infertile women with in-phase en- 
dometrial biopsy specimens, no differences were ob- 
served. Sixty-eight of 93 infertile patients had an ex- 
plainable cause of infertility (i.e., tubal factor, male 
factor, endometriosis). Of these 68 explained infertile 
patients, 8 had an out-of-phase endometrial biopsy 
specimen and 60 had in-phase biopsy specimens when 
ultrasonographic results were used to determine ovu- 
lation. The mean serum progesterone concentrations 
were 16.0 and 11.7 ng/ml, respectively. No significant 
difference exists between these serum progesterone 
values (p > 0.05). The causes of infertility in 25 of the 
93 infertile patients were unexplained. Two of 25 pa- 
tients with unexplained infertility had out-of-phase bi- 
opsy specimens with a mean serum progesterone level 
of 14.7 ng/ml. Twenty-three of 25 patients with unex- 
plained infertility had in-phase biopsy specimens with 
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Table IV. Comparison of mean serum midluteal progesterone concentrations and prevalence of 
out-of-phase endometrial biopsy specimens among women with various causes of infertility, women with a 
history of recurrent pregnancy loss, and fertile control women 


Mean serum progesterone (ng/ml) 











Endometrial. biopsy 
Infertility 
Explained 68 16.0 (8) 11.7 (60) p > 0.05 
Tubal factor 11.8 11.3 
Male factor 13,7 12.1 
Endometriosis 37.6 - 13.6 
Unexplained 25 14.7 (2) 12:5 (25) p > 0.05 
Recurrent pregnancy loss 24 2.4 (1) 13.8 (23) p > 0.05 
Fertile controls 15 10.6 (2) 10.3 (13) p > 0.05 
Total no. of patients 132 13 119 


*Fisher’s exact test demonstrates no significant difference in mean serum midluteal progesterone values between in-phase and 
out-of-phase endometrial biopsy specimens for patients with explained infertility, unexplained infertility, or recurrent pregnancy 
loss when compared with fertile control patients. 


tNumbers in parentheses are numbers of biopsies that represent this mean midluteal serum progesterone concentration. 


a mean progesterone value of 12.5 ng/ml. No signifi- 
cant difference exists between these mean serum pro- 
gesterone values (p> 0.05) by Fisher’s exact test. 
Among 24 women experiencing recurrent pregnancy 
loss, 1 had an out-of-phase endometrial biopsy speci- 
men and had a serum progesterone concentration of 
2.4 ng/ml. Twenty-three of 24 patients had in-phase 
biopsy specimens with a mean serum progesterone level 
of 13.8 ng/ml. Again, no significant difference exists 
between mean serum progesterone levels (p > 0.05) by 
Fisher’s exact test. Fifteen of 30 fertile control patients 
were evaluated for a serum progesterone concentration 
7 to 10 days after documented ovulation. Two of 15 
fertile control women had out-of-phase biopsy speci- 
mens with a mean progesterone concentration of 10.6 
ng/ml. The remaining 13 women had in-phase endo- 
metrial biopsy specimens for a mean progesterone 
value of 10.3 ng/ml. No significant difference existed 
here, either (p > 0.05). Collectively, 132 women had 
midiuteal phase progesterone concentrations deter- 
mined, and 13 (10%) displayed out-of-phase endo- 
metrial biopsy specimens; 119 (90%) had in-phase en- 
dometrial biopsy specimens. No correlation between 
midluteal phase progesterone concentrations and 
out-of-phase endometrial biopsy specimens was ob- 
served. 


Comment 


Analysis of results from this study indicate that the 
frequency of diagnosis of luteal phase defect among 
women varies markedly as a result of the point of ref- 
erence used to date the endometrial biopsy specimen. 
Because of the variance in the length of the follicular 
phase of the menstrual cycle, dating the endometrial 
biopsy specimen with reference to the onset of the next 
menstrual period has been recommended? and has be- 


come a standard of practice. Although dating the en- 
dometrial biopsy specimen by means of the onset of 
the next menstrual period diminished the frequency of 
diagnosis of out-of-phase biopsy specimens among 
couples experiencing infertility compared with the 
results of dating by means of the onset of the LMP, 
this accepted method yielded a much higher preva- 
lence of out-of-phase biopsy specimens than did 
dating according to documented ovulation by ultraso- 
nography. 

Our findings confirm observations by Shoupe et al.,° 
who found that the accuracy of histologic endometrial 
dating was significantly better when ovulation was de- 
termined by ultrasonographic monitoring rather than 
by onset of the next menstrual period, the basal body 
temperature, or the serum LH value. The prevalence 
of diagnosis of out-of-phase biopsy specimens fell from 
27% to 3.5% among infertile women and from 38% to 
5% among women experiencing recurrent spontaneous 
abortion when ultrasonography, rather than the onset 
of the next menstrual period was used to document 
ovulation. 

. The prevalence of diagnosis of luteal phase defect 
among infertile patients has been estimated to be 
5%, which is consistent with the prevalence of out- 
of-phase biopsy specimens in the current study of cou- 
ples with unexplamed infertility when ovulation doc- 
umented by ultrasonographic examination was used to 
date the endometrial biopsy specimen. In contrast, an 
inadequate luteal phase has accounted for 23% to 
67%'*"4 of diagnosed causes of recurrent spontaneous 
abortions, which is consistent with the results presented 
here when menstrual dates were used to interpret the 
endometrial biopsy specimen. However, these figures 
are substantially higher than those observed when doc- 
umented ovulation was used to date the endometrial 
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biopsy specimen. In an evaluation of 195 Norwegian 
couples with a history of recurrent spontaneous abor- 
tion, 5% showed evidence cf luteal phase defect." 
Although an argument has keen advanced that pro- 
gesterone deficiency must be corrected before implan- 
tation to prevent recurrent atortion,’'* '® no placebo- 
controlled trial has proved tkis hypothesis. The data 
presented here suggest that out-of-phase endometrial 
biopsy specimens and possibly luteal phase defect are 
not common causes of recurrent pregnancy loss. 

In spite of the modality used, the prevalence of di- 
agnosis of out-of-phase endometrial biopsy specimens 
was as high or higher in the fertile control population 
when compared with two populations experiencing re- 
productive failures. The prevalence of out-of-phase bi- 
opsy specimens among fertile women was 10% when 
ultrasonography was used to document ovulation. 
Others have documented a high prevalence of luteal 
phase defect among normally cycling women. ™" A 
prevalence of luteal phase defect of 23% has been re- 
ported in women with completely normal follicular and 
periovulatory phases.'* Implantation is the only gold 
¿standard for endometrial adequacy. Endometrial bi- 
opsy specimens taken during conceptional cycles 
were diagnosed as showing luteal phase defect in 
23% 76 

An explanation for the out-of-phase endometrial bi- 
opsy specimen in normal women is the inaccuracy of 
the histologic dating of the endometrium.”' The ac- 
curacy of an endometrial biodsy specimen in the di- 
agnosis of luteal phase defect has been reported to be 
25% to 35%. This low accuracy rate has been at- 
tributed to improper acquisiticn of tissue, variability in 
the method of documentation of ovulation, and re- 
producibility of reading of the endometrial biopsy spec- 
imen by various pathologists. In their original dating 
criteria Noyes et al.* commented that they were “some- 
what arbitrary” and that their method represented “se- 
quential phases rather than actual days of the cycle.” 
When these investigators analyzed the accuracy of dat- 
ing in 300 women in the luteal phase, only 14% of these 
women menstruated on the day predicted (12% later 
and 74% earlier than expected). The error ranged from 
12 days early to 8 days late; the mean (+SD) was 
1.8] + 2.33 days. The authors concluded that dating 
is a “better gauge of progesterone effect than it is a 
prediction of onset of menses.” 

Subsequent data supported the conclusions of the 
early study® that the endometrial biopsy specimen more 
accurately represents a progesterone effect than a spe- 
cific day in the menstrual cycle The diagnosis of luteal 
hase defect has been made by endometrial biopsy be- 
cause this method of diagnosis has been thought to 
reflect the total effect of the endocrine events of the 
menstrual cycle.” Midluteal phase progesterone con- 
centrations have been reported to be inaccurate in di- 


June 1992 
Am J Obstet Gynecol 


agnosing luteal phase defect because of sporadic fluc- 
tuations In secretion of progesterone by the corpus 
luteum and because many investigations have dem- 
onstrated a lack of correlation between endometrial 
histologic characteristics and peak serum progesterone 
levels.*! °° 

- In this study no correlation between midluteal phase 
progesterone concentrations and out-of-phase endo- 
metrial biopsy specimens was observed; this confirms 
the previous reports.** ** However, analysis of the data 
suggests that out-of-phase endometrial biopsy speci- 
mens are not correlated with reproductive perfor- 
mance. Therefore midluteal phase serum progesterone 
concentration may be as accurate as endometrial biopsy 
in defining postovulatory corpus luteum function. Al- 
though the corpus luteum is important for successful 
reproduction in mammalian species, the diagnostic 
methods that pertain to the effects of functional defects 
on reproductive performance have been questioned. 
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Editors’ note: This manuscript was revised after these 
discussions were presented. 


Discussion 

Dr. E. JAMES AIMAN, Milwaukee, Wisconsin. “Out- 
of-phase endometrial biopsy specimens are not corre- 
lated with reproductive performance.” This quotation 
from the authors’ manuscript serves as their hypothesis, 
their null hypothesis in statistical terms. To accept or 
reject this hypothesis, the authors obtained one endo- 
metrial biopsy specimen from each of 485 women, 340 
of these women were infertile, 115 had had repeated 
pregnancy losses, and 30 were fertile women who 
served as control subjects. To draw conclusions re- 
garding their stated hypothesis, the authors correlated 
their histologic findings from this single midluteal en- 
dometrial biopsy specimen with five measures of ovu- 
lation: each woman’s last menses, her next menses, ul- 
trasonographic evidence of ovulation, urinary LH test- 
ing, and midluteal serum progesterone concenzrations. 
They used a standard definition of out-of-phase en- 
dometrium: 2 days. 

To decide whether the authors have performed a 
study that allows them to accept their stated hypothesis, 
I will use a metaphor offered by Peterson and Klein- 
baum.’ This is a metaphor of a marksman’s target. Pre- 
cision is the proximity of the data to the bull’s-eye. 
Validity deals with whether the appropriate data are 
aimed at the right target. By including infertile women, 
women with repeated pregnancy losses, and a fertile 
group of women as controls, the authors have three 
targets that are appropriate together. In the correlation 
of endometrial histologic factors with five measures of 
ovulation in these three groups of women the authors 
have performed a valid study, although the number of 
fertile women as control subjects (30) is a much smaller 
sample than those in the other two groups.’ 

It is the precision that weakens the ability of the au- 
thors to accept their hypothesis that out-of-phase en- 
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dometrial biopsy specimens are not correlated with re- 
productive performance. First, it is somewhat curious 
that there is an apparent single etiologic factor in all 
340 infertile couples, whereas 10% to 20% would be 
expected to have two or more apparent impediments 
to fertility. This suggests a selection bias, or perhaps an 
editorial decision by the authors to categorize these 
women according to the most prominent cause of in- 
fertility. 

Precision in the interpretation of the endometrial 
biopsy specimens may be a significant source of error 
in any study of endometrial dating. The authors do not 
State in, their manuscript who interpreted the endo- 
metrial biopsy specimens whether a single person in- 
terpreted all endometrial biopsy specimens, or if the 
interpreter was blinded to the clinical diagnosis. The 
precision of interpretation could be tested and probably 
improved if each biopsy were read a second time by 
the same interpreter, if that person were unaware of 
his or her initial interpretation. The precision of in- 
terpretation could be tested and probably improved if 
each biopsy were interpreted by a second person. Scott 
et al.’ reported that the diagnosis of in-phase or out- 
of-phase endometrium was changed in 22% of women 
when the endometrium was dated by a second person. 

Also contributing to the imprecision is the authors’ 
definition of an out-of-phase endometrium by a dis- 
crepancy of 2 days. In their manuscript the authors do 
not state how many of the out-of-phase endometria 
demonstrated a 2-day lag and how many exhibited a 
2-day advance of the number of days after ovulation. 
The inclusion of multiple histologic criteria from both 
endometrial stroma and glands may add to the impre- 
cision. By means of quantitative histologic techniques, 
Li et al.° observed that women with unexplained infer- 
tility had a significant deviation from normal in only 5 
of 14 histologic features. These five features were in 
the glands; none was in the stroma. Thus the impre- 
cision of the interpretation of endometrial histologic 
factors is a combination of the “noise” of interpret- 
ing multiple histologic events plus interobserver vari- 
ation. 

The authors used serial ultrasonographic measure- 
ment to determine the day of ovulation. However, the 
performed ultrasonographic examinations only every 
2 to 3 days, which means that they could be off by as 
many as 3 days. Because the authors used ultrasono- 
graphic criteria to determine the day of ovulation, it is 
not surprising that an out-of-phase endometrium was 
found much less frequently with ultrasonographic dat- 
ing as opposed to the date of the last menses, the date 
of the next menses, urinary LH testing, or midluteal 
progesterone concentrations. This interval of ultrason- 
ographic determination potentially adds to the impre- 
cision of their data. 

The authors obtained a single serum progesterone 
concentration on the day of the endometrial biopsy, 7 
to 10 days after ultrasonographic evidence of ovulation. 
Obtaining a single measurement over this range of days 
ignores the expected daily changes in progesterone 
concentration and also ignores the variations in the 
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serum progesterone secretion within a specific day. 


Nonetheless, the authors’ ‘finding that serum proges- : 


terone concentrations were- similar in all groups of 
women, regardless of diagnosis or endometrial histo- 
logic factors, is similar to that reported by Glazener et 
` alt Olive et al? correlated hourly serum progesterone 
concentrations over 24-hour Deriod with endometrial 
histologic factors and concluded that neither endo- 
metrial biopsy nor serum progesterone concentration 
alone is sufficient to establish a diagnosis of luteal phase 
deficiency. Further, they concluded that pooled morn- 
ing serum progesterone concentrations provided the 
optimal predictive value for endometrial biopsy results. 
From any discussion it may appear that I find little 
of value in this manuscript. Quite the contrary is true. 
Peters and coauthors are to be commended for col- 
lecting data on a large number of women and for rig- 
orously defining their selection criteria. From their data 
and the data of others whom they cite in their manu- 
script, the authors are justified in concluding that luteal 
phase deficiency is a difficult diagnosis to make, is 
found in percentage of women with normal reproduc- 
tion, and therefore is of uncertain significance in 
women with repeated pregnar-cy loss or infertility. Be- 
“cause of the désign elements in their study that con- 
tribute to a decreased precision, the authors can right- 


fully suggest but have not proved that “out-of-phase - 


- endometrial biopsy specimens are not correlated with 
reproductive performance.” 
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Dr. M. WAYNE HEINE, Tucson, Arizona. The title of 
the report should probably be changed to “The Ac- 
curacy of Timing of Ovulatior..” The authors use the 
criteria described by Noyes et al.’ These authors de- 
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scribed the criteria as being “somewhat arbitrary.” Be- 

cause of variance in histologic interpretation, one of 
the authors read all the slides. Their is the gold stan- 
dard by which luteal phase function is evaluated. Li et 
ai.” reported on 63 endometrial biopsy specimens read 
by the same pathologist on two separate occasions. 

There was exact agreement only 24% of the time. 

Those authors also reported that when two cycles in 
the same patient were evaluated there was agreement 
only 41% of the time. Here are questions for Dr. Peters: 
Who did the histologic interpretation? Were any pa- 
tients evaluated for more than one cycle? 

Some of our work on the evaluation of sleep patterns 
at various times of the menstrual cycle in “always reg- 
ular women” showed that 15% of these cycles were 
anovulatory (unpublished observations). There may be 
considerable cycle-to-cycle variation. Peters et al. found 
that the “accuracy of dating” was significantly better 
when ultrasonographic monitoring was used. The his- 
tologic criteria described by Noyes et al.' used next- 


_ menstrual period ‘and not the estimated date of ovu- 


lation. Peters and associates used ultrasonographic test- 
ing every 2 to 3 days. Could this not give up to a 24- 
to 48-hour variation in histologic interpretation? 

The authors of this study also used serum proges- 
terone studies. Were all these obtained at the same time 
of the day from a single vein puncture? 

None of the various methods used to describe the 


‘adequacy of the luteal-phase really reflect function. As 


the authors stated, “implantation”’is really the gold 
standard. The function of the corpus luteum is prob- 
ably the result of follicular development during the 
follicular phase. Until we have a more “functional” test 
of adequacy of ovulation, might it not be more accurate 


` to reevaluate the histologic criteria of Noyes et al.! and 
` tO use more accurate methods of timing ovulation, 


which would date the endometrium from the time of 
ovulation until the biopsy is performed? The authors 
have accomplished a tremendous amount of work and 


have a tremendous amount of information. They might 
_ want to reevaluate the timing of ovulation by ultraso- 


nography and date the endometrium according to the 
number of days the biopsy was done after ultrasono- 
graphic evidence of ovulation. 
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OBJECTIVE: This study analyzed the enone: beiween illicit drug use, low birth weight, adequacy of 


prenatal care, and perinatal mortality. 


STUDY DESIGN: Perinatal outcome parameters in 23,926 dbiiiaiies between 1983 and 1990 were 
analyzed. Statistical analysis (x? analysis) was applied for each year’ of study to separate the effects of 


inadequate prenatal care from illicit drug use. 


- RESULTS: Patients with drug use had a two to three times higher incidence of low birth weight and 
perinatal death. Drug use with more than five prenatal visits had a minimal effect on outccme; drug use 
with inadequate care was associated with a three times higher incidence of perinatal death and low birth 


weight. 


CONCLUSION: Adequacy of prenatal care is a marker of “social chaos” and affects outcome more than 


rug use itself. (AW J OBsTET GYNECOL 1992;166:1747-56.) 
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The frequency of illicit drug use during pregnancy 


has increased markedly in the last decade, especially in - 


urban areas.'* Drug use during pregnancy has been 
reported to be associated with adverse pregnancy out- 


come.” * An increase in the incidence of spontaneous . 
abortion, renal and limb anomalies, preterm labor, and’ 


abruptio placentae has been associated with cocaine 
use.** Ijlicit drug use has been associated with inade- 
quate prenatal ‘care, low. birth weight, increased 


perinatal mortality, and sudden tant death syn- 


drome.» +67 

. -Illicit drug use during pregnancy in our own urban 
institution was ascertained in 1989 by an anonymòus 
urine and questionnaire screening of 1000 patients.’ 
This survey indicated that in our institution 15.9% of 


patients delivered used illicit drugs with crack cocaine | 


(66%) the most common illicit drug. A total of 54% of 
perinatal drug users used multiple drugs and 84% 
smoked cigarettes and used alcohol. 


This study aimed to analyze the trend in illicit drug _ 


use during pregnancy over an 8-year period and to 
analyze the relationships between illicit drug use, low 
birth weight, adequacy of prenatal care, and perinatal 


mortality in an urban perinatal. center from 1983 to 


1990. 
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' Material and methods 


Since 1983 our institution has collected perinatal data 
in a computerized data base, described previously. A 
set of data, routinely used for birth certificate infor- 
mation, quality assurance, and clinical research proj- 
ects, was collected on all births. Patients were accepted 


‘for inclusion in this study if their records contained 
complete information regarding birth weight, race, age, 


parity, number of prenatal visits, illicit drug use in preg- 
nancy, cause of perinatal mortality, and assignment of 
preventability of perinatal death. In addition, all rec- 
ords had to indicate the presence or absence of diabetes 
mellitus, hypertension, a history of preterm birth, to- 
bacco use, alcohol use, and congenital anomalies 1 in the 
neonate. 

Perinatal mortality was defined as fetal or neonatal 
death after 20 weeks’ gestation or with birth weights 
>500 gm up to 28 days of neonatal life. Low birth 
weight was defined as birth weight <2500 gm. Potential 
preventability had been routinely assigned for each 
perinatal death by perinatal quality assurance criteria 


- developed in our institution and applied since 1980. A 


perinatal death was deemed preventable if standard 


_ prenatal care was thought to have been able to prevent 


or modify the obstetric events leading to a perinatal 
death, thereby preventing the death. Drug use, in the 


context of this article, included illicit drugs only (opi- ` | 


ates, Marijuana, cocaine, amphetamines, PCP), and al- 
cohol and tobacco use were not included in this cate- | 
gory. Statistical testing was done for each year of the 
study by x” analysis. A value ofp < 0.05 was considered - 
Statistically significant. Multiple regression analysis was ` 
unfortunately impossible in our data setup. Wherever 
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Fig. 1. Illicit drug use by history, 1983 to 1990. 
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Fig. 2. Drug use in pregnancy by history, 1983 to 1990. 


x? analysis was applied, groups compared were checked 
to be matched for age, parity, hypertensive disease, 
diabetes mellitus, history of preterm delivery, tobacco 
use, alcohol use, and congenital anomalies. 


Results 


Between Jan. 1, 1983, and Dec. 31, 1990, a total of 
25,453 patients were delivered at our institution. Ex- 
cluded from the study were 1527 patients (6%) who 
had incomplete sets of data. Qur analysis therefore is 
based on 23,926 patients (25.1% white, 70.1% black, 
and 4.8% of other races). The number of deliveries 
gradually increased from 2360 in 1983 to 3501 in 
1990, an increase exclusively for black patients. Since 
1984 several hospitals in our urban area closed and 


our institution absorbed an indigent black patient 
load. 

The incidence of illicit drug use by patient’s history 
is seen in Fig. 1. A history of illicit drug use during 
pregnancy was seen in 2% of patients in 1983 and in- 
creased to 10.9% in 1990. Increases for all racial groups 
accelerated around 1986. By 1990 the incidence was 
12.2% for black women and 7.1% for white patients. 

When illicit drug use was characterized by age group 
(Fig. 2), it could be seen that drug use in pregnancy is 
predominantly a problem for women >18 years old. 
The incidence of illicit drug use for teenagers ranged 
between 2.1% and 3.9% over the 8 years of study, while 
for women aged 18 to 35 the incidence increased from 
1.8% in 1983 to 13.2% in 1990. In 1990 3.7% of teen- 
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Fig. 3. Low birth weight, 1983 to 1990. 
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Fig. 4. Drug use and low birth weight, 1983 to 1990. 


agers versus 13.2% of women aged 18 to 35 had a 
history of illicit drug use. 

Low-birth-weight rates (Fig. 3) increased after 1987 
for all races, reaching 17.3% by 1990, after a relatively 
stable rate from 12% to 13% from 1983 to 1986. The 
low-birth-weight rate increased from 5.5% in 1985 to 
13.9% for white patients: for black patients it increased 
from a low of 14.9% in 1986 to 18.8% in 1990. These 
trends were not similar in all age groups. In fact, the 
low-birth-weight rate for parturients <18 years old de- 
clined from 18.7% in 1983 to 11.4% in 1990, while for 
patients aged 18 to 35 the rate increased from 12% to 
18.1% in the same years. 

The relationship between drug use and low birth 
weight is illustrated in Fig. 4. In each year from 1983 


to 1990 the low-birth-weight rate was one and a half to 
two times higher for patients with a history of illicit 
drug use compared with patients without drug use. The 
differences were statistically significant (p < 0.5) for 
each year and for the total data set. No significant dif- 
ferences were found between the two groups in each 
year for each of the eight potential variables, mentioned 
under Material and methods. From 1986 to 1990 an 
increase was seen in low-birth-weight rate for drug 
users (15.2% to 19.9%) while patients without drug use 
maintained a rate around 9% to 10%. 

Fig. 5 indicates the percentage of patients with five 
or fewer prenatal visits from 1983 to 1990. Since 1986 
the percentage of patients with inadequate care started 
to rise rapidly, resulting in a fivefold increase for white 
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Fig. 5. Five or fewer prenatal visits, 1983 to 1990. 
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Fig. 6. Drug use and number of prenatal visits, 1983 to 1990. 


patients and a sixfold increase for black patients, when 
1983 is compared with 1990. Black patients had a two 
to three times higher likelihood of having five or fewer 
prenatal visits than did white patients (29.2% vs 10.2% 
in 1990). While the percentage of patients with five or 
fewer prenatal visits increased for patients in all groups, 
the largest increase was seen in women aged 18 to 35. 
The increase in this age group was from 3.6% in 1983 
to 29.5% in 1990, while for teenagers the figures were 
2.6% and 15.2% in the respective years. 

An analysis of the relationships between drug use 
and adequacy or inadequacy o7 prenatal care is seen in 
Fig. 6. The percentage of patients with five or fewer 
prenatal visits was about double for patients with drug 
use between 1983 and 1986, and this gap widened from 


1987 to 1990. By 1990, 45.6% of patients with drug 
use had five or fewer prenatal visits versus 17.2% of 
those without drug use. These differences were statis- 
tically significant for each year of analysis and for the 
total data set, whereas compared groups were matched 
for eight previously mentioned variables. 

Preventable perinatal mortality (expressed as a per- 
centage of perinatal deaths) rose over the 8-year period 
(Fig. 7). The largest increase was seen in black patients. 
By 1990, 42% of perinatal deaths were preventable 
(44% of black perinatal deaths versus 21% of white 
perinatal deaths). In Fig. 8 is the relationship shown 
between drug use and preventable perinatal mortality. 
Throughout the years of study patients with drug use 
had a two to three times higher incidence of prevent- 
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Fig. 7. Preventable perinatal mortality, 1983 to 1990. 
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Fig. 8. Drug use and preventable perinatal mortality, 1983 to 1990. 


able perinatal deaths than those without a history of 
drug use. The percentage of preventable perinatal 
deaths rose to 58.2% for drug users in 1990 versus 
21.9% for patients without drug use. These differences 
were statistically significant for each year of analysis and 
the total data set, whereas compared groups were 
matched for eight previously mentioned variables. 

The next analyses (Figs. 9, 10, and 11) separate the 
patients into three groups: group 1, drug use and five 
or fewer prenatal visits; group 2, drug use and more 
than five prenatal visits, group 3, no drug use and more 
than five prenatal visits. These groups were analyzed 
for their low-birth-weight rate, perinatal mortality, and 
preventable perinatal mortality. 

The low-birth-weight rate (Fig. 9) in each vear of 


analysis was the highest for drug users with five or 
fewer prenatal visits. In each year of analysis the inci- 
dence was about two to three times higher for group 
I (drug use, inadequate prenatal care) than for group 
2 (drug use, adequate prenatal care). These differences 
were statistically significant for each year of analysis and 
for the total data set. No statistically significant differ- 
ences were found between group 2 (drug use, adequate 
prenatal care) and group 3 (no drug use, adequate 
prenatal care), although low-birth-weight rates were 1% 
to 2% higher in the group with drug use. Obviously 
the most significant differences were seen between 
group | (drug use, inadequate prenatal care) and group 
3 (no drug use, adequate prenatal care), as seen in 1990 
with a 25.1% rate for group 1 versus 9.1% for group 
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Fig. 9. Low birth weight, drug use, and prenatal care. 
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Fig. 10. Perinatal mortality, drug use, and prenatal care. 


3. In all these comparisons groups were matched for 
the eight selected variables. 

In a similar stratification the relationship between 
perinatal mortality, drug use, and number of prenatal 
visits is shown in Fig. 10. The perinatal mortality rate 
actually declined over the 8-year study period for pa- 
tients with no drug use and more than five prenatal 
visits (from 17.9/1000 in 198% to 10.6/1000 in 1990). 
Patients with drug use and more than five prenatal visits 
showed an initial decline from 1983 to 1986 and a slight 
increase from 1987 to 1990. Pacients with a drug history 
and fewer than five visits had a two to four times higher 
incidence of perinatal mortality than patients without 
drug use and more than five prenatal visits. The dif- 


ferences between all groups were statistically signif- 
cant, but the most pronounced differences were be- 
tween group l with inadequate prenatal care and 
groups 2 and 3 with adequate prenatal care. Drug use 
had less effect (group 2 vs group 3) than adequacy of 
care (group 1 vs group 2). For example, in 1990 the 
perinatal mortality was 45.2 per 1000 for group 1, 22.4 
per 1000 for group 2, and 10.6 per 1000 for group 3. 
In all these comparisons groups were matched for the 
eight selected variables. 

Finally, in Fig. 11 the relationship is shown between 
preventable perinatal mortality, drug use, and number 
of prenatal visits. Throughout the years patients with 
drug use had a two to three times higher incidence of 
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Fig. 11. Preventable perinatal mortality, drug use, and prenatal care. 


preventable perinatal deaths if they had five or fewer 
prenatal visits when compared with patients with drug 
use and more than five prenatal visits. These differ- 
ences were statically significant for each year and for 
the total data set. No significant differences were seen 
between groups 2 and 3 in each year and in the total 
data set. Significant differences were found in each year 
and in the total data set between group | versus group 
2 or 3. In all comparisons groups were matched for 
eight selected variables. For example, in 1990 the per- 
centage of preventable perinatal mortality was 65.4% 
for group 1, 31.2% for group 2, and 28.9% for 
group 3. 


Comment 


We conclude from these data that perinatal statistics 
worsened over the second half of the 1980s in one 
institution and urban community with persistent racial 
discrepancies in adverse outcome parameters. Crack 
cocaine arrived in Milwaukee in 1986. Illicit drug use 
and inadequacy of prenatal care increased significantly 
between 1986 and 1990, and a relationship between 
illicit drug use, inadequacy of prenatal care, and ad- 
verse perinatal outcome seems obvious. Illicit drug use 
during pregnancy increased, especially among women 
aged 18 to 35. This age group experiences inadequacy 
of prenatal care, perinatal mortality, and preventable 
perinatal mortality, as well as the most significant in- 
creases in low birth weight. 

Our study made an effort to separate the perinatal 
outcome effects of inadequate prenatal care (arbitrarily 
defined as five or fewer visits) from the illicit drug use. 
Whereas drug use by itself had an adverse effect on 
low birth weight and perinatal mortality, the number 
of prenatal visits had a much greater influence on ad- 


verse outcome. Pregnant drug users with five or fewer 
prenatal visits had a two to four times higher incidence 
of preventable perinatal deaths, low birth weight, and 
perinatal mortality as compared with pregnant drug 
users with more than five prenatal visits. 

Illicit drug use and addiction to alcohol in women 
have been strongly associated with low self-esteem, do- 
mestic abuse, a history of sexual abuse, and a chaotic 
life-style.'’ * We hypothesize that the number of pre- 
natal visits for pregnant women with drug use is a 
marker of the degree of life-style chaos they experience 
and likely a marker of the severity of their drug use. 
As long as the patient is capable of obtaining adequate 
prenatal care while using drugs, immediate perinatal 
outcome is adversely affected on a limited scale. The 
patient is still reasonably “organizing” her life. The key 
ingredients are the organization and support systems 
that lead to an “adequate” number of prenatal visits. 
On the other hand, when prenatal care becomes clearly 
inadequate, extremely adverse effects are seen on im- 
mediate perinatal outcome. An important effect of il- 
licit drug use in pregnancy is its influence on social 
behavior, incidence of sexually transmitted disease, in- 
adequate nutrition, and compliance with prenatal care. 
In an urban setting existing socioeconomic circum- 
stances often already place pregnancies at a higher risk 
for adverse outcome. While adverse socioeconomic cir- 
cumstances cannot be resolved by medical interventions 
and root causes of illicit drug use among’ pregnant 
women (still rising in 1991 in many urban areas) are 
not affected by medical interventions, our data support 
the concept that outreach programs to actively recruit 
pregnant women with illicit drug use into prenatal care 
could obviate adverse pregnancy outcomes. These pro- 
grams ought to be street corner and community based 


é 


1754 ' Broekhuizen, Utrie, and Van Mullem : 


if 


and primarily. address coping arid chaos avoidance- 


neéds. The social chaos needs treatment first. The stage 
could then be set for adequate prenatal care and treat- 
ment of the addiction itself. | 
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‘Discussion 


Dr. WASHINGTON G. HILL, Nashville, Tennessee. 
The effects of substance abuse or chemical dependency 
: on. the pregnant woman and her fetus have been re- 
viewed in several publications.” ? We are about to lose, 
_ if'we have not done so already, many of the gains we 

_ have made because of drug use during pregnancy. Ma- 
ternal risks, depending on the substance, can'result in 
death, stroke, sexually transm:tted diseases, human im- 
munodeficiency virus infection, and other serious ma- 
ternal diseases, to mention only a few. The risks to the 
. fetus or neonate as mentioned ‘by Dr. Broekhuizen in- 
clude spontaneous abortion, renal anomalies and other 
congenital anomalies, preterm birth, low birth weight, 
perinatal death, sudden infant death syndrome, and 
full neonatal intensive care nurseries among other 
problems. We have learned recently that the sperm may 
evén act as a vector to transport cocaine into an ovum.® 
The question these authors tried to answer is, What is 
the underlying reason for adverse pregnancy outcome 
in patients who abuse substances? Why do these prob- 
léms occur? Is it the drug use, inadequate prenatal care, 
or something else? Dr. Broekhuizen UERS that the 
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patents use of drugs, be they illicit (a term.that I do 
not like) or nonillicit, causes a chaotic life-style that 


‘precludes the patient obtaining adequate prenatal care. 
‘He and his colleagues feel theréfore that adequacy of 


prenatal care is a marker of “social chaos” and affects 
outcome more than the drug use itself. I am not sure 
that this is really the case. The social chaos (a term that 
I do like) is created by drug use, and a number of other 
factors in these patients’ lives. Social chaos is a marker 
for other ills in the patient’s life and environment. Why 


‘patients do not come in for prenatal care is complex, 
‘whether they do or do not abuse substances.*"? Why do 


some patients seek care and others not? We have known 
for years that the lack of adequate prenatal care, what- 
ever that is, correlates with poor or adverse perinatal 
outcome. This is not new. Intensive prenatal care im- 
proves perinatal outcome in the chemically dependent 
woman. Whether.a patient who is abusing substances 
comes in for prenatal care is affected equally by her 


„support system, how much in control of her life she ` 


really is, the environment where the prenatal care is 
given,.and other factors. A patient, even though she 
may be abusing substances, who has a good support 
system at, home, who is in some control, and who is 
made to feel accepted at her prenatal care environment 
(our responsibility) will obtain and continue to seek 
prenatal care. The patient who has little or no support 
system, who is in poor control of her life, and whose 
prenatal care environment is not receptive to taking 
care of her either will not obtain prenatal care or will 
leave it. By the way putting the substance-abusing 
pregnant woman in jail, as has been proposed by some 
and abhorred by others, is not considered being re- 
ceptive. | 
I believe it is not simply th the number of prenatal visits, 
whether four, fiy e, six, seven, or eight, that determines 
the perinatal outcome but these other factors as well. 
The number of prenatal visits certainly influences ad- 
verse outcome, but what we really need to get at is what 
influences the number of prenatal visits and what we 
need to do to increase that number. Dr. Broekhuizen 
is correct in his diagnosis, but we need to go further if 
we are to treat the problem effectively. Culturally sen- 
sitive outreach programs that actively recruit pregnant 
women into prenatal care will definitely obviate adverse 
pregnancy outcome. This article suggests, although 
slightly, that this. is all we need to do. It really isn’t! 
What is sorely needed are more adequate comprehen- 
sive prenatal treatment programs for these patients.’ 


` Clearly, there are all too few treatment centers and only 


a rare residential program for the drug-dependent 
pregnant woman.:A successful approach to combat this 
problem must include unique prevention, treatment, 
and research efforts. The authors have attempted to 
tackle an elusive problem that is facing all of us who 
practice.. Although there may be problems with the de- 
sign of their study, they have given us food for thought, 
on which we need to go further. 
I have the one questions for Dr. Broek 
huizen: |© 7 : 
l: Why use the term whet drug use? Use of this term 
suggests that drugs-which are not illegal are okay 
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to use during pregnancy—a point, however, I. 


know Dr. Broekhuizen is not making. 


2. What is the desired number of prenatal’ ‘visits. for. 


optimal perinatal outcome? How did you come 
up with five? : 


~ 


3. Are there other reasons for the worsening peri- 


natal statistics between 1983 and 1990? 
4. What are the reasons and the possible cures for 
the disappointing persistent racial discrepancies? 
5. What data support stating that crack cocaine ar- 
rived in Milwaukee in 1986 and illicict drug use 
increased significantly between 1986 and 1990? 
There is a National Institute on Drug Abuse re- 
: port of a decline in the i of illicit drugs by 
women of childbearing age.” - 
6. There is a definite relationship between drug use, 
' inadequate prenatal care, and’ adverse perinatal 


outcome. Where do resources, the degree of social 


support, and other factors, fit into this formula? - 
7. Why.did you exclude those who used alcohol and 
did you really do so? 
8. Finally, and I know you have a quick answer for 
this one, what is “adequate prenatal care”? 
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Dr. Srpney F. Bottoms, Detroit, Michigan. Dr. 
Broekhuizen and his colleagues have presented a very 
provocative article describing the interactions of drug 
abuse, inadequate prenatal care, and adverse perinatal 
outcomes. On the basis of their analysis, they conclude 
that adequacy of prenatal care is a marker of “social 
chaos” and that this affects outcome more than drug 
use itself. Although this conclusion may be correct, I 
have difficulty in accepting it on the basis of the data 


and analysis presented thus far. In my discussion I'll . 


first cover a few technical considerations. After that, 
I'll address some practical issues and then present the 
authors with specific questions. 

It seems that physicians often have the same warm 
feeling about statisticians that they do about attorneys. 
Sometimes, however, it is important to overcome our 
anxieties and seek the services of a professional stat- 
istician. I would like to cite a few of the reasons why I 
would recommend that the authors obtain a statistical 
consultation. Although the first sentence of the abstract 
indicates that trends in drug use were analyzed, all 
statistical comparisons were made between groups 
within a given year. An analysis of trends, of course, 
requires statistical comparison: between years. There is 
also no information about how large the denominaotrs 
' are for calculating rates. This leaves both the statistical 


reviewer and the reader at a loss to determine the de-. 


F 
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gree to which these rates are subject to variation. For 
example, I believe that the authors would agree that a 
rate of 20% based on one out of five patients would be 


. interpreted quite differently than a rate of 20% based: 


on 100 out of 500 patients. Typically; large epidemi- 
ologic studies either have used a minimum size for de- 
nominators to calculate rates, havé reported the actual 
size of the groups, or have presented confidence in- 
tervals to facilitate accurate interpretation of the data. 


There is also a multiple comparison problem; there are 


at lease 88 independent comparisons at p < 0.05. You 
would expect that 5% of the 88 comparisons or a total 
of four “significant” results would actually be due to 
chance alone (statistical “flukes”). A more sophisticated 
statistical model, a hierarchical. design, or a lower p 
value considered significant i is frequently used by stat- 
isticlans to minimize this type of problem. 

There are also several practical] issues in interpreting | 
the data’that must be considered. The authors have - 
compared perinatal mortality rates in a control popu- 
lation with adequate prenatal care, drug abusers with 
adequate prenatal care, and drug abusers without ad- 
equate prenatal care. The last of these groups had a 
higher perinatal mortality rate. They interpret this to 
mean that the adequacy of prenatal care is a marker 
for. “social chaos” and that it affects outcome'more than 
drug use itself. The authors failed to provide any in- 
formation about drug-free patients with inadequate 
prenatal care. Without this comparison group, it is im- 
possible to determine whether the authors’ conclusion 
is warranted. Often, this drug-free group without ad- 
equate prenatal care has many pregnant adolescents 
who, in spite’of their lack of prenatal care, seem to fair 
better than drug abusers. To draw their conclusion, the 
authors have implied that drug abusers who receive | 
adequate prenatal care are otherwise comparable to 
drug abusers with inadequate care. Typically, this is not 


- the case. Substance abusers who receive adequate pre- 


natal care are likely to be lighter users, to marijuana 
rather than crack cocaine or heroin, and to have de- 
creased drug use during pregnancy. Although I could 


cite references for this point, I doubt that anyone would 


argue that a woman “high” on cocaine or heroin is less’ 
likely to make or keep an appointment for prenatal 
care than one in complete command of her senses. 

Finally, I have three specific questions for the au- 
thors. First, do the authors have any data reporting 
outcome according to the specific type of drug abuse? 
Information on this subject would be helpful in deter- 
mining whether drug abusers with and’ without pre- 
natal care were comparable. The second question is in - 
regard to whether the authors have made any com- 
parisons controlling for such important factors. as sO- 
cloeconomic status, race, alcohol abuse, or smoking. 
Known associations of substance abuse and inadequate 
prenatal care with one or more of these factors could 
account for the effects ascribed by the authors to “social 
chaos.” Finally, do the authors have any information 
regarding perinatal outcome among drug-free women 
with inadequate prenatal care? . 

Dr. Pepro. A. Poma, Melrose Park, ilies We know 
that for every patient we find who has a history of drug 
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use there are > 10 women who may be found by routine 
screening. At what prevalence level in the community 
do you recommend we must do routine screening? 

PRESIDENT YOUNGBLOOD. I would just add my own 
comment. In 1983, our low-birth-weight rate was about 
15%. We watched it go down until about 1986 or 1987 
to 11%, and it has been on the rise since to 15%. 

Dr. BROEKHUIZEN (Closinz). I thank both Dr. Hill 
and Dr. Bottoms for their thoughtful comments and 
criticisms; I knew that there were some valid criticisms 
of this study. . 

Dr. Hill suggested that our conclusion was that simply 
the number of prenatal visits affected outcome. If that 
was the conclusion, I probably ought to rewrite the 
Comment section of the article, because that would be 
an unfortunate conclusion. 

In fact, I feel that our data support Dr. Hill’s belief 
that the social support system and the support within 
the prenatal care environment are the first two ingre- 
dients for prenatal care for a disadvantaged popula- 
tion. I thought we concluded the same. 

The perinatal statistics for patients without drug use 
but with inadequate prenata. care, and I can answer 
Dr. Bottoms’ third question right here, are still unac- 
ceptably high in our institution. If we had included 
them in the statistics, and I accept the criticism that we 
should have, they were better than in the group with 
drug use and inadequate prenatal care but worse than 
in the group with drug use and adequate prenatal care. 

Our point is that drug use is associated with even 
more social chaos than in those patients with just in- 
adequate prenatal care, and zhe social chaos needs to 
be addressed. : 

Another of Dr. Hill’s questions pertained to illicit 
drug use as a term. I do not ‘ike that term either. We 
were asked to do the study to come up with some ra- 
tionale for funding, and we used this data base for birth 
certificate information. The subcategory that is used 
for the birth certificate in Wisconsin is “illicit” drug use 
and we were tied to that particular category. 

Five prenatal visits as a cutoff and what is adequate 
prenatal care—this was done initially because the av- 
erage number of prenatal visits in all the years was 9.9, 
so we thought we would take half. When we analyzed 
differences between groups at one, two, three, four, 
and five prenatal visits, we started to lose any statistical 
significance at about five. So five was the highest num- 
ber at which we could find statistical differences. 

Are there other reasons for worsening perinatal sta- 
tistics? Increasing unemployment, crime, poor hous- 
ing, less-accessible Medicaid programs since 1983 in 
our community, health maintenance organization—run 
Medicaid programs, and in the last year a provider 
shortage have contributed to hese statistics. 
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Reasons and cures for persistent racial discrepan- 
cles—another one of Dr. Hill’s questions—socioeco- 
nomic differences, still very much along racial and eco- 
nomic lines. This applies as well to access to medical 
care. These are the root problems and they are com- 
pounded by lack of cultural sensitivity in many medical 
care settings. That’s my diagnosis. I think we all have 
to come up with the cure. | . 

Data to support that crack cocaine hit Milwaukee in 
1986? Although our police department’s performance 
is somewhat in question lately, criminal statistics, half- 
way houses, and drug rehabilitation settings provided 
that information. 

Alcohol, did we really include or exclude? We ac- 
tually used alcohol and tobacco use as control variables. 
The same is true for race and age. So, and this might 
answer Dr. Bottoms’ second question to some extent, 
we matched the patients for age, race, and about eight 
other variables in all comparisons. We might want to 
make that a little bit more clear in the final version of 
the article. 

What is adequate prenatal care? Dr. Hull asked for a 
quick answer. I'll try. A minimum of pure medical con- 
tent can be defined, but I think that in most cases it 
will have to be individualized and dependent on the 
health, knowledge, and life-style of individual patients. 

I do know that patients with adverse pregnancy out- 
come in my institution need a lot more care than just 
medically defined care, which would be sufficient for 
my suburban neighbor, and that’s about the best way I 
can answer that question. 

Dr. Bottoms, I have to accept having been a somewhat 
poor student of some of your statistical courses. I accept 
your criticism regarding the reporting of the statistics. 
Now, with several hardware and software transitions 
that we experienced in our institution over the last 8 
years and actually a move of the whole institution, it 
was impossible to do multivariate analysis. I accept some 
weaknesses in our statistical approach. Nevertheless, I 
believe that they do not interfere with the validity of 
our conclusions. l 

Dr. Poma, at what prevalence rate in the community 
do I recommend routine screening? I don’t have an 
answer to that. I really think you have to define that in 
vour own community. 

And last, in answer to Dr. Youngblood’s comment, I 
think one of the more tragic things that permeates this 
study may not be the question of drug use versus in- 
adequate prenatal care. The more tragic feature may 
be the persistence of racial discrepancies and the wors- 
ening of perinatal statistics over the last 4 or 5 years in 
our urban environment. 


Eclampsia - 


VII. Pregnancy outcome after eclampsia and long-term prognosis 


Baha M. Sibai, MD, Cem Sarinoglu, MD, and Brian M. Mercer, MD 


Memplus, Tennessee 


OBJECTIVES: Our goal was to report pregnancy outcome and long-term prognosis after eclampsia. 
STUDY DESIGN: Women whose pregnancies were managed at the E.H. Crump Women’s Hospital 
between August 1977 and April 1989 were studied. A total of 223 women with eclampsia underwent 
follow-up for an average of 7.2 years. Thirteen had preexisting hypertension and 210 were normotensive 


(31 were multiparous and 179 were nulliparous). 


RESULTS: Among these women 23 who were multiparous and 159 who were nulliparous had 366 
subsequent pregnancies: 22% of pregnancies were complicated by preeclampsia, 1.9% by eclampsia, and 
2.5% by abruptio placentae; 2.7% resulted in perinatal death. Within the nulliparous group, women who 
had eclampsia before 37 weeks’ gestation in the index pregnancy had significantly higher incidences of 
preeclampsia and poor perinatal outcome in subsequent pregnancies as compared with those who had 
eclampsia at =37 weeks’ gestation; the highest incidence of obstetric complications occurred in those 
having eclampsia at =30 weeks, Twenty of the 210 normotensive women (9.5%) had chronic hypertension 
on follow-up; the highest incidence (17.9%) being in those with eclampsia at <30 weeks and the lowest 
incidence (4.8%) in those having eclampsia at =37 weeks. Women with eclampsia who had preeclampsia 
in subsequent pregnancies had a higher incidence of chronic hypertension as compared with those who 
were normotensive in subsequent pregnancies (25% vs 2%, p < 0.0001). Long-term maternal 
complications included dialysis required in one patient end one case of cardiomyopathy in women with 
chronic hypertension; there was one maternal death in a woman with chronic hypertension. None of the 
women had evidence of neurologic deficit or seizures during follow-up. 

CONCLUSIONS: These findings should be used in counseling women who have had eclampsia and are 
considering future pregnancies. (AM J Osstet GyNecoL 1992;166:1757-63.) 


Key words: Eclampsia, recurrence, remote prognosis 


Eclampsia is becoming a rare complication of 
pregnancy in the Western world.” However, it contin- 
ues to be a major health problem in developing coun- 
tries,” * as well as among young indigent patients in the 
United States.*° Pregnancies complicated by eclampsia 
are still associated with increased perinatal mortality 
and morbidity.’ In addition, such pregnancies are usu- 
ally also associated with increased maternal morbidity: 
hemolysis, pulmonary edema, disseminated intravas- 
cular coagulopathy, cerebral injury, and acute renal 
failure.” 7 

The development of eclampsia, particularly when as- 
sociated with poor maternal-perinatal outcome, is a 
frightening experience for both the patient and her 
family members. As a result, the managing physician 
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must be prepared to answer questions regarding out- 
come in future pregnancies, as well as any potential 
long-term residual damage from eclampsia and/or its 
complications. The purpose of this study is to report 
subsequent pregnancy outcome and remote maternal 
prognosis of 223 eclamptic women. 


Material and methods 


E.H. Crump Women’s Hospital and Perinatal Center 
in Memphis serves as a tertiary referral center for an 
area that includes five states: Tennessee, Arkansas, Mis- 
sissippi, Missouri, and Kentucky. During the time pe- 
riod from August 1977 to April 1989, 254 of the preg- 
nancies managed at this center were complicated by 
eclampsia. The diagnosis, management, and maternal- 
perinatal outcome of these patients were previously de- 
scribed.* One patient died during the acute eclamptic 
episode, and one patient died of massive pulmonary 
embolism at about 9 weeks post partum after admission 
to a local hospital. This latter patient had tricuspid atre- 
sia with secondary pulmonary hypertension. 

Twenty-nine of the 252 surviving patients either had 
inadequate medical follow-up data or were lost to fol- 
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Table I. Pregnancies after eclampsia in women without preexisting chronic hypertension 













Nulliparos women 
(n = 159)} 


Multiparous women 
Total (N = 182) 


Outcome 


No. of pregnancies 334 32 366* 
Normotensive pregnancies 254 76 25 78 279 76.2 
Preeclampsia-eclampsia 80 24 7 22 87 23.8 
Mild 43 12.9 5 15.6 48 13.1 
Severe 30 9.0 2 6.3 32 8.8 
Eclampsia 7 Aud 0 0 7 1.9 
Preterm (<37 wk) 48 14.4 2 6.3 50 13.7 
IUGR (<10th percentile) 20 5.9 2 6.3 22 6.0 
Abruptio placentae 9 a 0 0 9 2.5 
Perinatal deaths 10 3.0 0 0 10 24 


IUGR, Intrauterine growth retardation. 


*There were 370 births (four sets of twins), all in nulliparous women. 


low-up. The remaining 223 patients had adequate med- 
ical follow-up data for at least 2 years after eclampsia. 
These latter patients served as the study population for 
this report. 

Early follow-up (first 6 weexs) after delivery was done 
at our obstetric clinics, whereas subsequent follow-up 
data were obtained from our clinics, local physicians, 
local health departments, and local hospital records. In 
the majority of cases the patients were seen and fol- 
lowed up by B.M.S. Maternal evaluation included an 
interval history with special emphasis on history of con- 
vulsions and/or neurologic deficit, use of anticonvulsive 
and/or antihypertensive medications, and future preg- 
nancy outcome. Outcome ir subsequent pregnancies 
was reviewed with regard to incidences of preeclamp- 
sia-eclampsia, abruptio placentae, and perinatal out- 
come. Only pregnancies delivered beyond the first 
trimester were included in the analysis. 

All data pertaining to blood pressure measurements 
during subsequent physical examinations and/or preg- 
nancy were obtained. The diagnosis of chronic hyper- 
tension was based on the presence of documented hy- 
pertension (either before the index pregnancy or on 
follow-up) for which the patient received antihyper- 
tensive therapy. This diagnosis was usually made when 
the patient had persistent elevations of diastolic pres- 
sure of at least 90 mm Hg on two occasions at least 6 
months apart. 

Data analysis was performed with X? or Fisher’s exact 
test and odds ratios. A p value of <0.05 was considered 
significant. 


Results 


Thirteen women had preexisting chronic hyperten- 
sion and/or renal disease before the onset of eclampsia. 
Eleven were black and two were white. Seven were mul- 
tiparous and six were nulliparous. The mean age of 
onset of eclampsia in these patients was 25.2 years 


(range 14 to 36 years), and the mean duration of follow- 
up was 7.2 years (range 3 to 13 years). 

Six of the 13 women had no subsequent pregnancies, 
and the other 7 had a total of 13 subsequent pregnan- 
cies. Of these 13 pregnancies 7 (53.8%) were compli- 
cated by severe preeclampsia, 5 (38.5%) were compli- 
cated by mild hypertension, and one was normotensive. 
Four (30.8%) of the 13 resulted in perinatal death, four 
were complicated by fetal growth retardation (<10th 
percentile for gestational age), and one (7.7%) was com- 
plicated by abruptio placentae. 

The mean maternal age at time of last follow-up in 
these 13 women was 32.4 years (range 19 to 45 years). 
In one patient hypertensive cardiomyopathy developed 
after 3 years of follow-up, and progressive renal failure 
necessitating dialysis developed 6 months after eclamp- 
sia in one patient with biopsy-proved glomeruloscle- 
rosis. This patient is still undergoing dialysis after 5 
vears of follow-up. One additional patient died of car- 
diovascular complications after 13 years of follow-up. 
In addition, none of the surviving women had evidence 
of neurologic deficit or seizures on follow-up. 

A total of 210 women were normotensive at the time 
of onset of eclampsia. Forty-one (19.5%) were white, 
168 (80%) were black, and one was Asian. Thirty-one 
(14.8%) were para =] and 179 (85.2%) were nullipa- 
rous. The mean age at onset of eclampsia in these pa- 
tients was 18.0 years (range 11 to 34 years), and the 
mean duration of follow-up was 7.2 years (range 2 to 
13 years). 

Twenty nulliparous women had no subsequent preg- 
nancies, and the other 159 had a total of 334 subsequent 
pregnancies. Eight multiparous women had no future 
pregnancies, and the other 23 had a total of 32 sub- 
sequent pregnancies. Table I summarizes the preg- 
nancy outcome in these women according to parity. The 
overall incidence of preeclampsia-eclampsia in subse- 
quent pregnancies was 23.8%. There was no difference 
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Table II. Outcome in subsequent pregnancies in nulliparous women according to gestational age at onset 
of eclampsia in index pregnancy | 


Weeks’ gestation 


31-36 





No. of women 26 55 78 

No. of pregnancies 544 L167 1644 

Preeclampsia-eclampsia 24 44.4 39 33.6 17 10.4 <0.0001 6.9: 1 
Mild 9 16.7 25 21.6 9 5.5 <0.0] 3.4:1 
Severe 14 25 12 10.3 4 2.5 <0.0001 14:1 
Eclampsia l 1.8 2 1.7 4 2.4 NS — 

Preterm (<37 wk) 19 35.2 18 15.5 li 6.7 <0.0001 152) 

IUGR 10 - 18.5 6 Dee 4 2.5 <0.0001 8.4: ] 

Abruptio placentae 4 7.4 4 3.4 J 0.6 <0.004 loc 

Perinatal deaths 3 D5 4 3.4 3 1.8 0.15 Pa ea 


IUGR, Intrauterine growth retardation (<10th percentile). 
*Comparison of <30 versus 37 to 41 weeks’ gestation. 
yOne set of twins in each group. 

¿Two sets of twins (166 births). 


in this incidence between women who had eclampsia 
as nullipara and those who were multipara; however, 
all cases of repeat eclampsia occurred in the nulliparous 
group. In addition, all cases of abruptio placentae and 
perinatal deaths occurred in the nulliparous group. 
Table II compares outcome in subsequent pregnan- 
cies in nulliparous women according to gestational age 
at the time of onset of eclampsia in the index preg- 
nancy. The women who had eclampsia before 37 weeks’ 
gestation had significantly higher incidences of both 
mild and severe preeclampsia in subsequent pregnan- 
cies as compared with women who had eclampsia at 


=37 weeks’ gestation. In addition, this group of women ` 


had a significantly higher incidence of poor perinatal 
outcome in subsequent pregnancies. Moreover, women 
who had eclampsia at =30 weeks’ gestation had the 
highest incidence of preeclampsia and the worst peri- 
natal outcome in subsequent pregnancies. 

The mean maternal age at the time of last follow-up 
in the 210 women who were normotensive at the time 
of eclampsia was 25.2 years (range 17 to 43 years). In 
3 of the 31 multiparous women (9.7%) and 17 of the 
179 nulliparous women (9.5%) chronic hypertension 
developed during follow-up. The overall incidence of 
chronic hypertension was 9.5%. 

For the 179 nulliparous women, the data were sub- 
sequently analyzed according to gestational age at time 
of onset of eclampsia in the index pregnancy. Twenty- 
eight of these women had eclampsia at =30 weeks, 68 
at 31 to 36 weeks, and 83 at =37 weeks. The average 
durations of follow-up among these three groups were 
7.8, 7.0, and 7.3 years, respectively. Fig. 1 describes the 
incidence of chronic hypertension among the various 
groups. Within this group, women who had eclampsia 


at =30 weeks’ gestation had a significantly higher in- 
cidence of: chronic hypertension as compared with 
those who had eclampsia at =37 weeks (p < 0.04, odds 
ratio 4.3:1). In addition, women who had eclampsia at 
31 to 36 weeks’ gestation had a higher incidence of 
chronic hypertension as compared with those who had 
eclampsia at =37 weeks. However, this difference did 
not reach statistical significance (p = 0.11, odds ratio 
2.071); 

For the nulliparous women who had subsequent 
pregnancies (n = 159), the data regarding develop- 
ment of chronic hypertension were analyzed according 
to outcome in subsequent pregnancies. In 16 (10%) of 
these women chronic hypertension developed on fol- 
low-up. Within this group of women, 103 had nor- 
motensive subsequent pregnancies and 56 had at least 
one subsequent pregnancy that was complicated by pre- 
eclampsia. In 2 of the 103 women with normotensive 
subsequent pregnancies (2%), hypertension developed, 
whereas hypertension developed in 14 (25%) of the 56 
women with subsequent preeclampsia (p < 0.0001, 
odds ratio: 22.1). 

There were no maternal complications on follow-up 
in these patients, and none of the women had evidence 
of neurologic deficit or seizures on follow-up. 


Comment 


The findings of this study indicate that women in 
whom eclampsia develops are at increased risk of pre- 
eclampsia-eclampsia and abruptio placentae in subse- 
quent pregnancies. The risks were particularly in- 
creased in those women who had preexisting chronic 
hypertension before the onset of eclampsia. In these 
women the risk of severe preeclampsia in subsequent 
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Fig. 1. Incidence of chronic hypertension on follow-up in nulliparous women according to gestational 


age at time of onset of eclampsia. 


Table III. Pregnancy after eclampsia 





No. of women | 17l 
No. of pregnancies 398 
Preeclampsia (%) 23.1 
Eclampsia (%) 1.0 
Abruptio placentae (%) 2.0 
Preterm delivery (%) 6.5 
IUGR (%)} —f 
Perinatal deaths (%) 4.7 


*Follow-up in only one subsequent pregnancy. 
+Data not available. 


pregnancies was 53.8%, whereas the risk of abruptio 
placentae was 7.7%. In addition, these women had an 
increased rate of perinatal death (30.8%) and an in- 
creased incidence of fetal growth retardation (30.8%) 
in subsequent pregnancies. Thus they should be in- 
formed of the high likelihocd of severe preeclampsia 
and poor perinatal outcome in subsequent pregnancies. 
Moreover, such women should be informed of the in- 
creased long-term maternal morbidity and counseled 
regarding close medical follow-up. 

For the women without chronic hypertension before 
the onset of eclampsia, the risk of preeclampsia in sub- 
sequent pregnancies was 21.9%, the risk of eclampsia 
was 1.9%, and the risk of abruptio placentae was 2.5%. 


Lopez-Llera and 
Chesley? Horta!* 











Current 
study 


Adelusi and — 
Ojengbeda"’* 





110 64 182 
110 64 366 
35.4 26.6 21.9 
=), 15.6 1.9 
—t =f 2.5 
—t 34 13.7 
22 12.5 6.0 
3.6 6.25 2.7 


The risks were similar whether the patient had eclamp- 
sia when nulliparous or multiparous. However, the in- 
cidence of these obstetric complications was more than 
threefold higher than the expected incidence for sim- 
ilar complications in the general obstetric population 
at this hospital. In addition, within the group who had 
eclampsia when nulliparous, the risk of obstetric com- 
plications in subsequent pregnancies was related to the 
time of onset of eclampsia (Table 11). Women who had 
eclampsia at =30 weeks’ gestation had increased rates 
of severe preeclampsia, abruptio placentae, preterm 
birth, and perinatal death in their subsequent preg- 
nancies, whereas women who had eclampsia at =37 
weeks’ gestation had only an increased rate of eclampsia 
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(2.4%) in their subsequent pregnancies. These findings 
support our previous observations in a similar study* 
and should be used in counseling those women who 
are considering future pregnancies. 

During the past 20 years there have been three stud- 
ies describing pregnancy outcomes after eclampsia.*" 
The findings of these studies, as well as those of the 
current study, are summarized in Table III. It is im- 
portant to note that the findings of this study are almost 
identical to those reported by Chesley.” The other two 
studies reported from Mexico and Nigeria found 
higher incidences of preeclampsia-eclampsia, preterm 
birth, and fetal growth retardation as compared with 
our findings. These differences may be related to dif- 
ferences in populations studied, as well as to manage- 
ment used. 

The long-term effects of eclampsia on maternal 
blood pressure have been extensively studied by Ches- 
ley,” who concluded that eclampsia does not lead to 
chronic hypertension later in hfe. The results of this 


study show that women without evidence of chronic. 


hypertension before eclampsia have a 9.5% incidence 
of chronic hypertension on follow-up. The incidence 
was similar whether the patient had eclampsia when 
nulliparous or when multiparous. In addition, this in- 
cidence was similar to the respective incidence in the 
general female population (age groups 25 to 34 years)’ 
On the other hand, the incidence of chronic hyperten- 
sion was significantly higher in those who had eclampsia 
at =30 weeks’ gestation (17.9%) than in those who had 
eclampsia at =37 weeks’ gestation (4.8%). Moreover, in 
women who had subsequent pregnancies, the incidence 
of chronic hypertension was significantly higher in 
those who had subsequent pregnancies complicated by 
„preeclampsia (25%) than in those who had normoten- 
sive subsequent pregnancies (2%). These findings may 
be useful regarding the counseling of these women 
about future medical follow-up. 

None of the surviving women had evidence of neu- 
rologic deficit or seizures on follow-up from 2 to 13 
years. These findings are in disagreement with the con- 
clusions of Sexton,’ who suggested an association be- 
tween eclampsia and future development of epilepsy. 
This difference might reflect differences in short-term 
management of eclampsia and its complications. 


REFERENCES 


1. Moller B, Lindmark G. Eclampsia in Sweden, 1976-1980. 
Acta Obstet Gynecol Scand 1988;65:307-14. 

2. Saftlas AF, Olson DR, Franks AL, Atrash HK, Pokras R. 
Epidemiology of preeclampsia and eclampsia in the 
United States, 1979-1986. Am J OBSTET GYNECOL 
1990; 163:460-5. 

3. Lopez-Llera MM. Complicated eclampsia: fifteen years’ 
experience in a referral medical center. AM J OBSTET Gy- 
NECOL 1982; 142:228-35, — 

4, Adetoro OO. A sixteen year survey of maternal mortality 


Subsequent outcome after eclampsia 1761 


associated with eclampsia in Ilorin, Nigeria. Int J Gynaecol 
Obstet 1989;30:117-21. 

5. Sibai BM. Eclampsia. VI. Maternal-perinatal outcome in 
254 consecutive cases. AM J OBSTET GYNECOL 
1990; 163:1049-55. 

6. Miles JF, Martin JN Jr, Blake PG, et al. Postpartum 
eclampsia: a recurring perinatal dilemma. Obstet Gynecol 
1990;76:328-31. 

7. Sibai BM. Eclampsia. In: Rubin PC, ed. Handbook of 
hypertension. Hypertension in pregnancy. Amsterdam: 
Elsevier Science, 1988; 10:320-40. 

8. Sibai BM, El-Nazer A, Gonzalez-Ruiz A. Severe pre- 
eclampsia-eclampsia in young primigravid women: sub- 
sequent pregnancy cutcome and remote prognosis. AN] 
OBSTET GYNECOL 1986;155:1011-6. 

9. Chesley LC. Remote prognosis. In: Chesley LC, ed. fiy: 
pertensive disorders in pregnancy. New York: Appleton- 
Century-Crofts, 1978:42 1-23. 

10. Lopez-Llera M, Horta JLH. Pregnancy after eclampsia. 
AM J OBSTET GYNECOL 1974;119:193-98. 


11. Adelusi B, Ojengbeda OA. Reproductive performance af- 


ter eclampsia. Int J Gynaecol Obstet 1986;24:183-9. 
12. Sexton JA. Epilepsy as a sequel of obstetrical complica- 
tions. J Ky Med Assoc 1976;74:595-601. 


Discussion 


Dr. Norman F. Gant, Dallas, Texas. I enjoyed the 
well-prepared study by Sibai et al. This report continues 
the saga of the management of eclampsia by this group 
of investigators in Memphis and is an original study of 
the outcome in 223 patients with eclampsia. The out- 
come follow-up ranged from 2 to >13 years. 

The study design included a separation of patients 
into those who had chronic hypertension at the time of 
eclamptic seizures; there were 13 such patients. There 
were 210 patients who had been normotensive before 
eclamptic seizure. The outcome, with respect to sub- 
sequent pregnancies, development of hypertension, 
neurologic complications, and other long-term conse- 
quences, was then assessed with respect to those pa- 
tients who had chronic hypertension at the time of sei- 
zure and the outcomes that were observed in those 
women who had been normotensive before eclamptic 
seizure. Additionally, the patients were further divided 
into nulliparous patients and multiparous patients at 
the time of eclamptic seizure. Finally, those patients 
who were nulliparous at the time of seizure were then 
further divided into the time of onset of the eclamptic 
seizure (i.e., <30 weeks, between 30 and 37 weeks, and 
>37 weeks). Sibai et al. then compared their results 
with three previously published, similar studies of out- 
come in patients with eclampsia. 

In summary, Dr. Sibai observed that those women 
who had chronic hypertension at the time of eclamptic 
seizure fared very poorly. There was one death in this 
group and there was a high incidence of repeat severe 
hypertension in subsequent pregnancies. There were, 
interestingly enough, no neurologic sequelae, but there 
was one renal failure and one severe cardiomyopathy. 

With respect to those patients who had been nor- 
motensive before eclamptic seizure, the outcome, as 
previously mentioned, was separated into those women 
who were nulliparous and multiparous at the time. 
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y _ There appeared to be no dizference between- nullipa- 


rous and multiparous women in long-term outcome 
variables, at least for the duration of the study. In those 


women who had been nulliparous at the time of seizure, 


- with those who had eclamptic ` seizure at 30 to 37 weeks : 


there was a significantly higher incidence of later hy- 
pertension and recurrent hypertension in those women 
who had eclamptic seizure at =30 weeks, compared 


and those who had seizure after 37 weeks. F inally, there 
was approximately a 2% recurrence of eclampsia in 


‘each of the three groups of women separated by ges- 


tational age at the time of previous eclamptic seizure. 
The results of this interesting study compared most 


| favorably with those obtained by Chesley in his now- 
: famous- long-term follow-ups cited by .the authors in 


their report. ° 
I have only two questions for the authors. First, in 


“spite of the tremendously worse outcome variables in 
: the patients with chronic hypertension at the time of 


: eclamptic seizure, I noted that there were no repeat . 
eclamptic seizures in this group of individuals. Was this 


~ 


because the numbers were too few, or was this because 


`. these patients underwent close follow-up in subsequent 


‘ pregnancies? Finally, I am amazed at the number of 


cases of eclampsia that Sibai'et al- continue. to accrue 
in Memphis. I wonder if there has been a decrease in 
the incidence of eclampsia in their population since 
they instituted an increased dosage of magnesium sul- 


“" fate to 2 gm/hr as prophylaxis against pa sel- 


pce 
R. JENNIFER R. NIEBYL, Iowa Gity. Towa: Dr. Sibai 


2 ey taught us a great deal about eclampsia, and this is 


the seventh in a series of articles describing this dis- 


_order. He has previously reviewed the maternal and 
` perinatal outcomes in the index pregnancies of 254 


-+ patients with eclampsia.' He now presents long-term 


. follow-up of both maternal status and fetal outcome in 


~~ 


subsequent pregnancies of 223 of thése individuals. 


They have had follow-up for a mean of 7.2 years with 


a range of 2 to 13 years. 

Of note is the 1.9% recurrence rate of eee in 
a total of seven patients. Sibai etal.” previously reported 
that 31% of cases of eclampsia are not preventable with 
standard prenatal care. My questions for Dr. Sibai are: 


- Did the physicians make any adjustments in prenatal 


`| surveillance in subsequent pregnancies? Did these pa- 


tients with previous eclampsia make more frequent vis- 
its in their subsequent pregnancies? Was there more 
ageressive use of magnesium sulfate therapy in the 


. subsequent pregnancies or‘was there longer postpar- 
tum observation? What are your recommendations 


for prenatal carė in women at increased risk for 
eclampsia? 
Bryans, et al.° carried out follow-up of women who . 


a 


r 


` had eclampsia and were treated at the Medical College 


of Georgia; they found no increase in subsequent 
chronic hypertension in these ‘patients above that ex- `. 
pected in the general population. Chesley.et al.‘‘mon- . ` 


co a a June 1992 
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itored women with eclampsia at the Margaret Hague’ 
Hospital in New Jersey from-1931 to 1951, and they 


also concluded that eclampsia does not cause hyper- 


“tension. This article reported that the risk of chronic 
` hypertension-is: increased in this population, especially 


a 


‘in those who had eclampsia before 30 weeks. Dr. Sibai,’ 


what is the risk of subsequent essential hypertension in 
‘your population without eclampsia? How great is the 


increased ‘risk over the background risk? ‘Why is this 
different from previous studies? 

I look forward to an article reporting that resources 
are available and access to prenatal ‘care is such that 


. eclampsia has finally been eliminated in Tennessee and 


‘ adjacent states. 
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Dr. James N. MARTIN, je. Jackson, Mississippi. I 


‘ have two questions for you regarding this excellent re- 


‘ port. Do you think that the occurrence of preeclampsia 


~ earlier than 30 weeks in gestation is a marker of un- 
. derlying chronic hypertensive disease in the first place? 


Is it not the horse rather than the cart? 
Second, along the lines of Dr. Niebyl’s comment and 


„on the basis of your work with low-dose aspirin and 


calctum supplementation, do you think that modifica- 
tion of prenatal care for these special patients should 
include one or both of those substances or eee 


> else? 


Dr. STEVEN E. CALVIN, Minneapolis, Minnesota. I 


— have a brief question. The assay methods for—and the 


understanding of-—antiphospholipid antibodies have 


3 changed over the course of this study. Do you have any 


information about the presence of antiphospholipid 
antibodies, especially in the subset of <30 weeks? 
Dr. ALLAN G. CHARLES, Chicago, Hlinois. Consid- 


< ering the wide geographic area covered and the diffi- 


_ culties in follow-up of indigent patients, I wonder how 


Dr. Sibai has been able to monitor sucha large number 


_ of patients for such a long period of time. 


Dr. SIBAI (Closing). I thank Dr. Gant and Dr. Niebyl . 


`- for their kind remarks. Regarding the comments of Dr. 


_ Gant-as to why we didn’t see eclampsia i inthe 13 preg- 


nancies in women who had previous chronic hyperten- 


_ sion, there are‘probably two reasons. ' 


First, the numbers are too small, only 13 pregnancies. 
Second, women who have chronic hypertension tend 


to have more close and intensive follow-up, and once 
(superimposed) preeclampsia develops, we Derome 
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very aggressive regarding indications to deliver them. 
This would probably explain why we didn’t see it. 

Regarding magnesium sulfate, I’m also surprised 
that we continue to see these cases of eclampsia because 
I would think the number would decrease. In Memphis, 
this hasn’t changed in >40 years. We are still seeing 
the same problem. So the effort has to be directed to 
preventing preeclampsia, which is the first step before 
the onset of eclampsia. There is no doubt that after we 
increased magnesium sulfate to 2 gm/hr (described in 
my original report in 1981) the incidence of convulsions 
in women with preeclampsia who were receiving mag- 
nesium sulfate was about | in 125 women. Since 1985, 
when we started the 6 gm loading dose and 2 gm/hr, 
the incidence has fallen to about 1 in 400. 


Dr. Niebyl brought up a very interesting point re- - 


garding recurrence. Is there any way we could have 
prevented recurrence in these seven nulliparous pa- 
tients? Looking at the data in these patients, I guess 
better care could have prevented recurrence in about 
three of those seven. 

For example, one of the patients had the first onset 
of eclampsia at 33 weeks. The second one had prenatal 
care for two visits. The third time she came, she had a 
blood pressure of 240/140 mm Hg and proteinuria 
(4+). The problem was she was only 18 weeks’ gesta- 
tion, and the physicians that consulted didn’t really 
think of preeclampsia. So they treated the high blood 
pressure and did everything possible, thinking it would 
be renal disease. Magnesium sulfate was not used, and 
then eclampsia developed at that early stage. This pa- 
tient had follow-up and she is still normotensive. 

Few other patients have eclampsia develop as late- 
onset. They have preeclampsia. They receive magne- 
sium sulfate, and then 3 or 4 days later eclampsia de- 
velops. It’s very difficult to see how we could have pre- 
vented these cases, and we cannot blame the physicians 
who were taking care of them. 

Interestingly, one other case was followed up at a 
local hospital. She had late-onset eclampsia the first 
time. The second time preeclampsia developed. She 
was given magnesium sulfate for 12 hours. Then mag- 
nesium sulfate was stopped, and eclampsia developed 
19 hours later. This patient probably should have re- 
ceived magnesium sulfate =24 hours. 

I think this corresponds with the comments of Dr. 
Martin. Maybe what we need to do more than anvthing 
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is to prevent preeclampsia, because almost all of these 
women have preeclampsia. Currently, I don’t know 


-whether aspirin or calcium is going to prevent pre- 


eclampsia. There are trials going on at the present time, 
so we have to await the results. 

To date the trials with calcium have not produced 
any benefit regarding preeclampsia. They have shown 
some benefit regarding the incidence of pregnancy- 
induced hypertension. sa 

Dr. Niebyl mentioned the 9.5% incidence of chronic 
hypertension as being increased. I don’t think this 9.5% 
incidence is slightly increased. If we look at the inci- 
dence using vital statistics for black patients in the 
United States, this incidence corresponds to that for 
the age group 25 to 34 years. The average age group 
in this follow-up was 25, so it seems our patients fit in 
the upper limit. 

This agrees with the important point, which is that 
I don’t believe eclampsia causes hypertension. I think 
what we are seeing is that eclampsia is like gestational 
diabetes. Women in whom severe preeclampsia or 
eclampsia develops early in gestation are at increased 
risk to have repeated episodes later on. Actually, these 
women might have had previously silent or underlying 
chronic hypertension or renal disease. In patients with 
either severe preeclampsia or eclampsia at <30 weeks, 
there is no doubt that a very large percentage of these 
women will have chronic hypertension or some form 
of renal disease. I don’t think it has anything to do with 
eclampsia. It just became manifest during pregnancy. 

‘There was a question about antiphospholipid anti- 
bodies. We have measured antiphospholipid antibodies 
in >200 women, particularly those who have the disease 
very early; I have yet.to see a single positive test result. 
I personally do not think that there is a strong associ- 
ation the way it was previously stated in the literature. 
I think women who have antiphospholipid antibodies 
tend to have a syndrome similar to preeclampsia, but 
the reverse is not true. 

Finally, in response to the question about close follow- 


up, you would be amazed, when you have a close re- 


lationship with these patients and you have been keep- 
ing in touch with them and their children, that they 
are very compliant with follow-up. Also, they were very 
good in bringing their children for follow-up, partic- 
ularly those who were delivered of preterm babies. So, 
no, I’m not surprised that we were able to do that. 


Preoperative and postoperative analysis of site-specific pelvic 
support defects in 81 women treated with sacrospinous 
ligament suspension and pelvic reconstruction 


Bobby L. Shull, MD, Charles V. Capen, MD," Mark W. Riggs, PhD, id 
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OBJECTIVES: The objectives of this study were to identify factors that predict long-term success, defined 
as the absence of anatomic defects, in women undergoing pelvic reconstruction and to identify which 


defects most frequently persist cr recur. 


STUDY DESIGN: Eighty-one wcmen treated by sacrospinous ligament suspension and pelvic 
reconstruction between 1984 ani 1990 had site-specific analysis performed preoperatively and at 
consecutive postoperative visits. The findings at the 6-week postoperative visit and subsequent visits were 
compared for each of five sites: urethra, bladder, cuff, cul-de-sac, and rectum. 

RESULTS: The Fisher exact test showed that patients with no support defects at the 6-week visit were 
less likely to require subsequent repair than patients who had any defect at that visit (p = 0.003). Thirteen 
patients with subsequent or persistent cystoceles had no bladder repair performed at the time of the study 
procedure. However, even with repair the bladder was the most likely site for persistence or recurrence. 
CONCLUSION: Absence of any pelvic support defect at the 6-week postoperative visit is associated with a 
3% likelihood that the patient will require subsequent reconstructive surgery within 2 to 5 years. The 
anterior segment provides the greatest challenge to restoration of normal anatomy. (AM J Osstet GYNECOL 


1992;166:1 764-71.) . 


Key words: Pelvic support defects, sacrospinous ligament suspension, anatomic assessment, 


pelvic support index 


Every honest surgeon of extensive and long experience will have io admit that he ts not entirely 
and absolutely satisfied with his long term results of all his operations for prolapse and allied 


conditions. 


Nichols? and Morley and DeLancey*® have reported 
excellent success with sacrospinous ligament suspen- 
sion of the prolapsed vaginal cuff. Morley and De- 


Lancey observed that 22% of their patients monitored _ 


>l year had “mild to moderate cystoceles” or “symp- 
tomatic cystoceles.” 
mented on failures other than “recurrent eversion.” 
Baden et al.* previously reported a pelvic profile 
based on analysis of six individual sites in the pelvis: 


urethra, bladder, cervix or cuff, cul-de-sac, rectum, and’ 


perineum. All sites are scored with the patient recum- 
bent and straining down, allowing the surgeon to grade 


sites under stress. We have used a modification of their 
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Nichols has not specifically com- | 


~ 


Richard TeLinde’ 


vaginal profile. to assess five sites—urethra, bladder, 
cervix or cuff, cul-de-sac, and rectum-—to analyze our 
patients with pelvic support defects. Nagata and Kato? 
used a similar scoring system to evaluate nine patients 
who had sacrospinous ligament suspension procedures. 
= The purpose of this project was to describe site-spe- 


cific pelvic support defects in patients who have had 
sacrospinous ligament suspension of the vaginal cuff 


and pelvic reconstruction. Preoperative and postop- 
erative assessments of each vaginal site were compared 
to evaluate factors that affect immediate success or fail- 
ure. Patients were monitored, in some cases for >5 
vears after surgery, to compare their immediate post- 
operative examination with subsequent assessments to 
identify factors that predict long-term success as de- 
fined by the continued absence of defects at any site 


and to predict the need for subsequent surgery to re- 


pair defects at any site. 


Material and methods 


| Between November 1, 1984, and October 31, 1990, 
81 women underwent sacrospinous ligament suspen- 
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Table I. Previous pelvic surgeries in 58 of 81 
women undergoing surgery for sacrospinous 
ligament suspension and pelvic reconstruction 






Percentage of 
women. 








Procedure 


Abdominal hysterectomy 42 
Anterior-posterior repair ` 37 
Vaginal hysterectomy 26 
Retropubic urethropexy or -25 


‘needle suspension 


sion and vaginal reconstruction for a variety of pelvic : 


support defects. Before, surgery each patient was ob- 


jectively evaluated to assess the severity of support loss 


at five sites in the vagina: urethra, bladder, cervix or 
cuff, cul-de-sac, and rectum. All were examined in the 
dorsal lithotomy position, straining, and with the ex- 
amining physician using a split speculum to visualize 
each site. Each site was scored on a scale of 0 to 4, with 


0.0 indicating normal support. The cervix or vaginal » 


cuff with 0.0 score, is supported at or above the level 
-of the ischial spines. The other sites have 0.0 score when 
they do not descend past the midvaginal axis, a plane 
extending from midhymen posteriorly to the apex, with 
straining. The scores of 1, 2, 3, or 4 are assessed when 


the site descends past the midvaginal axis halfway to 


the hymen (1), to the hymen (2), halfway out of the 
hymen (3),. or fully outside the hymen (4). A pelvic 
support index is defined as the average score for all 
five sites in each patient. A patient with no defects has 
a pelvic support index of 0.0, and a patient with max- 
imum loss of support at all five sites has a pelvic support 
index of 4.0. We tested the relationship between the 6- 


week postoperative pelvic support index and long-term — 
success or lack of success in achieving anatomic resto- , 
ration. If such a relationship exists, it can-be used to ` 
identify the group of patients who are at an increased 


risk for further reconstructive surgery. 


Results 


Eighty-one women between 33 and 84 years of age ` 
<` (64 + 11 years, mean + SD) with pelvic support de- ', 


fects underwent sacrospinous ligament suspension and 
pelvic reconstruction. Previous pelvic surgery was doc- 


umented. in 72% of the patients (Table I). Preopera- ` 


tively, all patients had at least one site protruding to or 


through the hymen. Fifty percent had =1 sites pro- - 
truding halfway outside the hymen, and 38% had =1 , 


sites protruding entirely outside the hymen. The per- 
centage of patients with support loss at specific sites is 


shown in Table I. All patients required not only sac- _ 
rospinous ligament suspension but a variety of other - 


reconstructive procedures (Table III). 


At the time of the first postoperative visit, 66 (81%) ` 
patients had no anatomic. defects at any of the five 
vaginal sites (pelvic support index = 0.0), 14 (17%) pa- . 
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Table II. Percentage of 81 patients with each 
of five scores for support at each of five 
vaginal sites before surgery 


Vaginal support scores* 





Vaginal site 

Urethra 17 40 25 13 5 
Bladder l 6 10 19 33 32 
Cervix-cuff 9 3 3] 33 33 
Cul-de-sac € 15 15 23 32 15 
Rectum x 4 17 38 26 15 


*Scores ranging from 0 with normal support and anatomic 
position to 4 with structure protruding fully outside the 
hymen. 


Table III. Percentage of 81 patients receiving 


each operative procedure at surgery 


Percentage of 


Procedure women 
Sacrospinous ligament 100 
suspension 
Rectocele repair 95 
Enterocele repair 73 
Cystocele repair 70 
Vaginal hysterectomy 32 
Retropubic urethropexy 9 


tients had one or two sites protruding halfway to the 
hymen (pelvic support index > 0.0), and one (2%) had 
a defect to the hymen; however, none of the defects 
were larger than they had been preoperatively (Fig. 1). 
Fight of the 15 patients without normal support (pelvic 
support index > 0.0) had postoperative defects in blad- 
der support, yet none had either a cystocele repair or 
retropubic urethropexy performed at the time of sa- 


ccrospinous ligament suspension. Four of the 15 had 


cystocele repair and 3 had rectocele repair; however, 
in each case a defect persisted halfway to the hymen. 
Four of the 15 patients required further reconstructive 
surgery within 3 years of the original repair. One ad- 
ditional patient had a cystocele protruding halfway out- 
side the hymen but she was too fragile for further 
surgery. 

Thirteen patients with normal support (pelvic sup- 
port index = 0.0) at the first postoperative visit later 
had anatomic defects at =] sites. Five of the 13 patients 
who developed defects in bladder support had had no 
cystocele repair at the original surgery. Seven had had 
cystocele repair but subsequently had recurrent cys- 
toceles. In only one case did the bladder protrude half- 
way outside the hymen, and that patient has had no 
progression in.the size of the defect in 4% years. One 
of these 13 patients has an enterocele to the hymen. 
None have had further surgery. 

Forty-one of the 81 patients have had periodic pelvic 
exams for >2 postoperative-years. Thirty of the 41 had 
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Fig. 1. Comparison of preoperative and postoperative scores for the degree of loss of support at 
each vaginal site in 81 patients. Bars, Mean and 95% confidence limits on average scores before 


surgery and at the first postoperative visit. 


Table IV. Loss of pelvic support by 2 to 5 
years after sacrospinous ligament suspension 
operation for patients with d:fferent pelvic 
support index at initial postoperative visit 







Loss of suppori with 
tissue oulside of the 
hymen by 2-3 years 


Al first postoperative visit 










PSI > 0.0 


No 
Yes 


29 6 
l 


PSI, pelvic support index. 
*p = 0.003. 


no defects at the first postoperative visit (pelvic support 
index = 0.0). Nine of those 30 subsequently developed 
defects at one or more sites over the next 2 to 5 
years. Only one has a site extending outside the 
hymen. 

The remaining 11 patients with any support defects 
(pelvic support index > 0.0) at the first postoperative 
visit have been monitored >Z years. Four of these 11 
have had further surgery, and 1 other has tissue outside 
the hymen. Three had cystoceles, | a rectocele, and 1 
a recurrence of her cuff prolapse. 

The Fisher exact test showed that patients who have 
normal support (pelvic support index = 0.0) at the first 
postoperative visit are less likely to have tissue outside 
the hymen or to require surgery in the next 2 to 5 years 
than patients who have any support defect (pelvic sup- 
port index > 0.0) at the first postoperative visit 
(p = 0.003) (Table IV). 

Twenty-eight of the original patients demonstrated 


=] defects at =5 years of surgery (Tables V and VTI). 
Thirteen of the 28 have bladder support defects that 
were not repaired at the original procedure. Ten have 
had defects protruding to or through the hymen; four 
of those patients have had further surgery. The re- 
maining 18 have no defects protruding to the hymen 
and are asymptomatic. All 18 have pelvic support in- 
dexes lower than their preoperative pelvic support in- 
dexes; however, they do not have full anatomic resto- 
ration. The principal site of support loss during the 
follow-up period was the bladder. 


Comment 


Pelvic reconstruction for vaginal prolapse is among 
the most challenging operative procedures in benign 
surgery. The surgeon must attempt to accomplish three 
separate but interrelated goals: restore anatomy (cor- 
rect the anatomic defects), maintain or restore normal 
bowel and bladder function, and maintain vaginal ca- 
pacity for sexual intercourse. Most authors report on 
their success in preventing cuff prolapse but do not 
objectively describe all the preoperative or postopera- 
tive anatomic defects. Consequently, analysis of factors 
that predict success or failure of anatomic restoration 
is impossible. Preoperative and postoperative analysis 
of visceral and sexual function is also important. We 
chose not to address these two parameters in our cur- 
rent report. 

We have described a method of preoperative and 
postoperative assessment of five anatomic sites in the 
vaginal canal: urethra, bladder, cervix or cuff, cul-de- 
sac, and rectum. On the basis of our data, the patient 
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Table V. Pelvic support loss during postoperative follow-up period 


Groups of patients 


Receiving SSLS procedure 

PSI = 0.0 postoperatively 
Support defects at any site* (total) 
Patients with support defects 


Grade | Halfway to hymen 
Grade 2 To hymen 

Grade 3 Halfway outside hymen 
Grade 4 Entirely outside hymen 


8I 100 
53 66 
28 34 
18 22 
5f 6 
5f 6 
0 0 





SSLS, Sacrospinous ligament suspension; PSI, pelvic support index. 

*For patients with loss of support at any site and at any time from 6 weeks to 5 years afier surgery. 
fOne patient with support defect to level of hymen underwent repeat surgery. 

Three patients with support defects outside hymen underwent repeat surgery. 


returning for her first postoperative visit with no de- 
fects (pelvic support index = 0.0) has a 3% chance of 
having any defect to or through the hymen in <5 years. 
When she has any defect (pelvic support index > 
0.0) at the first visit, she has a 45% chance of hav- 
ing a defect protrude outside the hymen in <5 years. 
These defects may require more surgery to relieve 
symptoms. 

In our series 13 (16%) patients who first returned 
with defects or later had defects had poor preoperative 
support for the bladder (halfway to the hymen) but had 
no bladder repair performed during the original sur- 


gery. The surgeon either underestimated the severity . 


of the defect on preoperative examination or believed 
that repair of the other defects was sufficient to mini- 
, mize or correct the anterior defect. Bonney? addressed 
this problem when he discussed the potential effects of 
“retroversion of the vagina” in 1934. He suggested ret- 
roversion itself probably causes few symptoms; how- 
ever, it is “a step towards prolapse of the anterior vag- 
inal wall,” opening the anterior cul-de-sac and allowing 
“abnormal pressure” to be exerted on the anterior vag- 
inal wall and underlying fascia. We have observed that 
patients with sacrospinous ligament suspension have an 
exaggerated posterior axis of the vagina, perhaps ret- 
roversion as described by Bonney. If his theory is ac- 
curate, we have predisposed all our patients to anterior 
defects in much the same way a high retropubic ure- 
thropexy predisposes a woman to defects in the pos- 
terior cul-de-sac. In the patients with anterior loss of 
support (cystocele), no matter how slight, we should 
consider repairing the bladder support to minimize the 
effects of “vaginal retroversion.” Two of the four pa- 
tients who required repeat surgery might have been 
spared the second operation if the first had included 
repair of the anterior segment. 

The other 15 (18%) patients had correction of all 
defects that subsequently persisted or recurred. We can 
only speculate whether surgical technique, suture ma- 
terial, wound healing, tissue strength, or alteration in 


Table VI. Percentage of 28 patients with loss 
of pelvic support at each site and by each 
score during postsurgical follow-up period 






Vaginal support scores 


Vaginal site 4 
Urethra 64 32 4 0 0 
Bladder 7 57 18 18 0 
Cuff 96 0 0 4 0 
Cul-de-sac 92 0 4 4 Q 
Rectum = 92 4 0 4 0 


the vaginal axis played major roles in these patients. 
None have had further surgery. None have complaints 
with prolapse. 

The prolapsed vaginal cuff was managed successfully 
in 98% of patients. Unfortunately, defects in bladder 
support were not managed as successfully. More ac- 
curate preoperative assessment of the anterior segment 
(bladder and urethra) should reduce the likelihood of 
missing a defect either in the office or in the operating 
room. We are currently evaluating the proper surgical 
technique to repair defective support for the bladder 
and urethra. Transvaginal reattachment of the peri- 
urethral and perivesical fascia to the tendinous arch 
appears to be the correct anatomic approach to con- 
sider. 

Our data show that successful surgical management 
of the patient with anatomic support defects requires 
accurate preoperative and intraoperative identification 
of each defect and a specific reconstructive procedure 
to correct each defect. Sacrospinous ligament suspen- 
sion is an important part of total pelvic reconstruction. 

Oncologists stage tumors to compare results of dif- 
ferent treatment modalities and to offer prognosis for 
cure or recurrence. Infertility surgeons stage endo- 
metriosis to compare results of therapy and offer prog- 
nosis for success. Unfortunately, pelvic reconstructive 
surgeons have not used an objective classification for 


a 


1768 Shull et al. 


pelvic support defects. As a result, most reports on 
pelvic reconstruction compare apples to oranges, of- 
fering the serious reconstructive surgeon little objective 
information with which to plan an operation or to coun- 
sel a patient regarding prognosis. We hope that an ob- 
jective, site-by-site, anatorric analysis of preoperative 
and postoperative physical findings will stimulate 
others to call for an approach to the staging of pelvic 
relaxation anatomic defects, allowing surgeons every- 
where to communicate accurately with one another. 


‘The authors thank Janice E. Hudgins for assistance 
with manuscript preparation, and Vickie Behrens for 
coordinating patient follow-up. 
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Discussion l 


Dr. SAM P. PATTERSON, Memphis, Tennessee. I 
thank Dr. Shull and his coauthors for sending me their 
manuscript on sacrospinous ligament fixation and its 
revision in advance of this meeting. I also thank Dr. 


Podratz for asking me to discuss this paper and for 


allowing me to assume this podium for the first time 
since I had the honor-of delivering the Presidential 
Address to this association in this room in 1983. I of- 
fered to defer to any younger volunteer; there appar- 
ently being none, here I am. Perhaps this could be 
because of the Cruikshank-Morley sparring episode of 
1989. 

I agree with the authors that pelvic reconstruction 
for prolapse is a challenging gynecologic procedure 
both historically and contemporaneously, as is evi- 
denced by the multitude of techniques advocated 
throughout the years. As the ages of my referring phy- 
sicians and my patients advance with my own, I see 
increasing numbers of women with recurrent severe 
degrees of prolapse and associated genital relaxations. 
Because of Drs. Morley and Cruikshank’s enthusiastic 
advocacy of sacrospinous fixation for the prolapsed 
vaginal vault and discussions with David Nichols, I have 
performed or assisted with nine such procedures in the 
past year since our meeting in Louisville. Most authors 
attest to few complications, but there was a recent re- 
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port of massive postoperative vaginal evisceration.' 
Thus far the incidence of recurrent vault prolapse after 
sacrospinous fixation seems small; but as years pass 
undoubtedly we shall see increasing numbers as the 
authors quote Dr. TeLinde’s experience.’ Others have 
had less than perfect results with vaginal repairs, or we 
would not have had modifications we associate with 
Heaney, McCall, Halban, Moschowitz, Kelly, Raz, Mar- 
shall, Machetti, Burch, Pereyra, Stamey, and Krantz. 
President Youngblood likewise has discussed disap- 
pointing results with surgical correction of stress uri- 
nary incontinence and ae advocated Richardson's 
paravaginal defect repair.’ 

The authors’ efforts to identify factors that predict 


. long-term success are admirable and should be assessed 


for all surgical procedures. Numeric grading with 
scores of 1 to 4 for five sites is suggested, and a pelvic 
support index is defined as an average of these. Many 
numbers are reported in the tables, but the text refers 
only to a pelvic support index of 0 or >0. I ask Dr. 
Shull if a simple report of recurrence of cystocele, rec- 
tocele, enterocele, or prolapse might have made the - 
results more understandable. The authors report that — 
a patient with a pelvic support index of >0 on the first 
postoperative visit has a 45% chance of a defect pro- 
truding outside the hymen within five years. If accu- 
rate, this figure only includes those patients operated 
on during the first year of the study. If this S 
includes patients operated on from 1987 on, 5 years 
have not lapsed, and that postoperative defect inci- 
dence would be higher. 

I congratulate Dr. Shull et al. on their reported suc- 
cessful support of the vaginal cuff. In the comment the 
authors state that patients with a pelvic support index 
of 0 on the first postoperative visit have a 3% chance 
of having a defect to or through the hymen in <5 years. 
The data report one cystocele through the hymen and 
one enterocele to the hymen. These figures do not seem . 
compatible. There were 41 patients monitored for >2 
years; therefore 40 patients were monitored for <2 
years. Restoration of visceral and sexual function is 
stated as a surgical goal, but these important physiologic 
functions are not addressed. Perhaps this should be 
considered a preliminary report, and subsequently we 
can be presented with larger numbers of women mon- 
itored for a longer time with appraisal of physiologic 
sexual and excretory function. I agree with their rec- 


' ommendation of an objective site-by-site preoperative 


and postoperative analysis of findings, but find their 
numeric averaging confusing, especially the repeated 
jumping from’ numbers to percentages in the text. Post- 
operative emphasis seems to be on specific site defects 
and not on pelvic support index, the original thrust of 
the paper. Objective descriptions of specific preoper- 
ative defects and reporting of postoperative results, 
both successes and failures, and recurrences would be 
more informative, particularly if addressed both ana: 
tomically and functionally. 

Thanks to the authors for allowing me to participate 
in this discussion of fundamental Eya surgery. 
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Dr. LESTER A. BALLARD, JR, Cleveland, Ohio. Drs.. 


Baden, Walker, and Shull from the Scott & White Clinic 


have had long and recognized interest in the classifi- . 


cation of pelvic relaxation. Dr. Baden’ made a, signifi- 
cant attempt at classification in 1968, grading six vag- 
inal areas: urethra, bladder, prolapse, cervix or vaginal 
cuff, cul-de-sac, rectum, and perineum. The strain at 
each site was graded from 0 to 4, depending on the 
degree of relaxation: 1 is halfway to the hymen, 2 is to 
the hymen, 3 is halfway past the hymen, and 4 is fully 
past the hymen. This classification allows individual 
preoperative and postoperative profiles to be com- 
pared. | 

Drs. Nagata and Kato? modified Dr. Baden’s dassi- 
fication by deleting the perineum, leaving five areas and 
creating the urethrocele, cystocele, vaginal vault pro- 
lapse, enterocele, rectocele (UCPER) operative score. 
Each area is again graded from 0 to 4, and scores can 
still be compared before and after surgery. 

Dr. Shull et al. use these same five areas and scores, 
but they average them to make the pelvic support in- 
dex. They have applied this index in 81 cases to illus- 
trate its use. 

It is important that we adopt a common anatomic 


classification to prevent the many misunderstandings ` 


that have resulted from each author’s perception cf the 
classification. In 1989 at Central Association, 1 dis- 
cussed Dr. Cruikshank’s paper on sacrospinous fixa- 
tion. I tried to point out the differences between his 
classification and that of Drs. Morley and DeLancey. 
There can be, and is, a certain distrust of another per- 
son’s staging. 

The ideal classification would include anatomic mea- 
sures and symptoms to indicate the need for and type 
of surgery. However, Dr. Shull has based his index 
solely on anatomic defects, although there are patients 
without anatomic defects who have symptoms and pa- 
tients with anatomic defects who have no symptoms. 
Although I agree that anatomic assessment must be 
done with straining in the lithotomy position, I am also 
impressed with how much more relaxation can be ap- 
preciated when the patient is examined while standing. 
Some urogynecologists grade the cystourethroceles by 
having the patient stand with a full bladder for a rest 
and stress voiding cystourethrogrdm to show maximum 
anterior relaxation. 

In Dr. Shull’s analysis of 8] sacrospinous ligament 
suspensions, 26 (32%) patients had the procedure done 
with a hysterectomy. and 58 (68%) had the procedure 
after hysterectomy for vaginal cuff prolapse. In Table 
II, after converting the percentages to numbers of pa- 
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tients, I find 371 preoperative defects of various grades. 
Of a possible 405 defects, only 34 sites showed no de- 
fects. All 8] cases had defects of the cervix or cuff with 
grades 1 to 4 in addition to 67 urethra, 76 bladder, 68 


cul-de-sac, and 78 rectal defects. Preoperatively, the 


anterior wall represented 38% of the total defects. In 


Table IH 64 (79%) patients had cystocele repair or 


retropubic urethropexy, leaving 17 patients without an- 
terior wall repair. There were 3 transient postoperative 
nerve injuries on the right side ascribed to “too high 
leg holders,” not to surgical trauma. On which side were 
these 3 sacrospinous ligament suspensions done? 

At the time of the first postoperative visit, 66 (81%) 
patients had pelvic support indexes of 0, but 15 (19%) 
patients had pelvic support indexes >0. Fourteen pa- 
tients had grade 1 defects at =1 sites, but “none of 
these defects were larger than they were preopera- 
tively.” What were the grades preoperatively? Of these 
i5 patients with postoperative pelvic support indexes 
>0, eight had bladder defects that had no anterior wall 
repair. What were the preoperative grades of these 
eight patients? The other seven patients had surgical 
repair: four cystocele and three rectocele. Four of 15 
defects required further reconstructive surgery, but 
from what preoperative group did they come? Thirteen 
patients who had pelvic support indexes of 0 at 6 post- 
operative weeks later had =1 defects. Five of these 
patients had no previous anterior repair but were 
scored 0 at 6 weeks, presumably with no defect present. 
In 7 patients who had cystocele repair, cystocele re- 
curred: 6 grade ] and 2, 1 grade 3, and 1 grade 2 
enterocele. When comparing 41 of 81 patients moni- 
tored for >2 years, there were 30 whose pelvic support 
index was 0 at first postoperative check. Nine had de- 
fects, with 8 grade 1 or 2 and | grade 3. The 11 patients 
with pelvic support indexes >0 had 1 cuff. prolapse, 3 
cystoceles and | rectocele, with 4 subsequently requir- 
ing surgery. Therefore 1 (3%) of 30 pelvic support 
index = 0 had a grade 3 defect, and 5 of 11 pelvic 
support indexes > 0 (45%) had grade 3 defects. 

Dr. Shull combined all of the 28 (84%) postoperative 
defect cases without regard to pelvic support index or 


‘length of follow-up. Thirteen patients had no initial, 


bladder repair, which has been previously noted: five 
from the pelvic support index = 0 group. and eight 
from the pelvic support index > 0 group. Ten of these 
patients had grade 2 and 3 defects, and 4 of these had 
surgery. The remaining 18 patients with grade 1 defects 
were asymptomatic. 

Table VI shows 41 postoperative setae Of these, 
10 were of the urethra and 26 were of the bladder; 


that is, 36 (87%) of 41 were anterior defects. This com- 
- pares with 38% for preoperative anterior defects. The 


other postoperative defects show ] grade 3 vault, two 
grade 2 and 3 cul-de-sacs, ane 2 grade ] and 2 rectal 
defects. 

. Dr. Shull has shown that aake anterior defects are 
repaired or not, the anterior wall is the area in which 
defects develop. Dr. Nichols® recently stated in regard 
to sacrospinous ligament suspension that “full-length 
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anterior colporrhaphy with special attention to support 
of the cystourethral junction is performed almost with- 
out exception.” I agree that the anterior wall is the 
major defect with sacrospinous ligament. suspension. 
‘In our evaluation of 110 sacrospinous ligament sus- 
pension patients at Cleveland Clinic from 1978 through 
1985, it was apparent that the anterior wall was a_prob- 
lem. Although we had 3 vault recurrences, we had 5 
grade 2 cystoceles, 3 with stress urinary incontinence 
and 8 with transitory stress incontinence. I thought at 
this time that I needed to do better anterior repair with 
either pubourethral suspension or with the retropubic 
or retrovaginal needle procedure. However, when I 
reviewed our next 158 sacrospinous ligament suspen- 
sion patients from 1986 through 1989, it was apparent 
that we had not improved the anterior wall defects and 
stress incontinence in spite of a diligent preoperative 
attempt to sort out anatomic and sphincter inconti- 
nence and bladder instability, On evaluation of these 
158 sacrospinous ligament suspension patients we: had 
3 grade 3 vault prolapses but had 2 grade 2 anterior 
enteroceles, 10 grade 2 cystoceles, 1 grade 3 cystocele 
and 6 with stress incontinence. I became suspicious that 
the sacrospinous ligament suspension operation was 
contributing to the anterior wall defects. 

Dr. A. Cullen Richardson et al.* has pointed out that 
when we pull the vault either too far anteriorly or too 
far posteriorly we produce a compensatory abnormal- 
ity. It will be interesting to know if a paravaginal repair 
of the anterior wall in patients with sacrospinous liga- 
ment suspension, which Dr. Shull presented to the Cen- 
tral Association in 1988, will decrease these defects. Will 
doing a perirectal vault suspension along with para- 
vaginal suspension improve the anterior wall? In 237 
of the 310 sacrospinous ligament suspension I have 
done, my enthusiasm for the procedure has been tem- 
pered because of the defects of the anterior wall. 

I applaud Dr. Shuil’s efforts to create the pelvic sup- 
port index, but I do not think it is as helpful as the 
preoperative and postoperative profiles of each defect. 
The index reduces specificity because it replaces five 
numbers with one, and it does not provide any corre- 
sponding increase in use. It seems to me that clinical 
decisions still have to be made on the basis of a profile 
and not on the index. I guess I am a splitter rather 
than a lumper. However, I believe that Dr. Shull and 
his group have stimulated us all by calling for, as he 
says in the last sentence of his manuscript, “an approach 
to. the staging of pelvic relaxation anatomic defects, 
allowing surgeons everywhere to communicate accu- 
rately with one another.” 
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Dr. Mickry Karram, Cincinnati, Ohio. I would like 
to ask Dr. Shull how he evaluated women who were 
initially seen with primary complaints of lower urinary 
tract dysfunction, whether it be voiding dysfunction or 
urinary incontinence. Did these patients pone uro- 
dynamic evaluation? 

In your series there was a small group of patients 
who underwent retropubic procedures in conjunction 
with vault suspension. However, most of the patients 
just underwent standard anterior repair. How did you 
decide which operation to do? 

. Last, what is the best way to test preoperatively for 
potential stress incontinence-in patients with massive 
pelvic relaxation? 

‘Dr. G. RODNEY Meeks, Jackson, Mississippi. I rarely 
see a patient without an anterior defect who needs a 
cuff suspension. I wonder a) one third of ea pa- 
tients fell into this catagory. - 

Second, can’ you overcorrect the vaginal Aiea by 
pulling. the vagina too far back toward the ligament? 
Is there a depth that you try to achieve when you put 
the suture in, or do you try to pull the vaginal cuff as 
far back as possible? 

Dr. JEFFERY CORNELLA, Scottsdale, Arizona. It is also 
our impression that sacrospinous fixation increases the 
incidence of subsequent anterior wall defect, and we 
support the concept of prophylaxis. However, in the 
last number of years I have noted increased case reports 
documenting bowel eviscerations through the vagina 
related. to concomitant needle suspension and sacro- 
spinous suspension, even though previously in the 
world literature there have been <39 reports associated 
with gynecologic surgery. 

Would Dr. Shull address whether this combination 
of procedures weakens the apex, how he tempers his 
prophylaxis regarding the apex of the vault, and how 
he approaches patients who have decreased thickness 
of the apical tissues? 

What number and type of sutures does Dr. Shull use, 
and how many bites are taken into the vagina and lig- 
ament? 

Dr. STEPHEN H. CRUIKSHANK, Minneapolis, Min- 
nesota. Why does Dr. Shull not examine these patients 
in the standing position; this does test the anatomic 
support to the nth degree because that is how humans 
usually are, in the standing position. 

At the time of hysterectomy do you evaluate these 
people, and ‘have you done it preoperatively both in 
the supine and the erect position so that you can do 
the right procedure? 

Third, I think that we should understand the defi- 
nition of prophylaxis before you answer that, and that 
means to prevent or to ward off. I looked that up in 
Webster’s dictionary before I came this year. 

Dr. SHULL (Closing). Dr. Patterson said it would be 
simpler if there were not so many numbers. He is. ex- 
actly right. I fretted over my manuscript and asked 
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other people to help with that concern; however, there 


was no way for us to know what the outcome would be 
without collecting the information. To begin with fewer 
observations would have been to reinvent a less specific 
description just as Dr. Clayton Beacham reported, that 
Dr. Cruikshank had in his paper, and that Dr. Morley 
used in his. We did not choose to start with something 
simple because we wanted to understand more about 
the problems of support defects and their repair. To 
relay that information to you it is Important to give 
numbers. We tried to make our conclusions more con- 
cise by referring to patients who had abnormal support 
or normal support. If you believe it is important to 
communicate about pelvic support-defects in a manner 
similar to staging, you know that the descriptions must 
be detailed, reproducible, and accurate in the same way 
that definite findings are required to stage genital can- 
cers. Í agree with both commenters that the pelvic sup- 
port index may be confusing; however, collection and 
analysis of the information appear to be important. 

: Dr. Ballard suggested that we not only should have 
anatomic information but also symptomatic informa- 
tion. The purpose of our study, however, was to look 
at anatomy, not visceral function and not sexual 
function. 

Dr. Nichols, who has written PEA about his 
surgical experience with sacrospinous ligament suspen- 
sion, has not given detailed comments regarding fol- 
low-up of other areas of the vaginal canal. I do not 
know or presume to say what type of success i has 
with areas other than the cuff. 

Dr. Ballard also asked about some of the information 
in the tables. I will look that up privately. | 

Dr. Mickey Karram asked about lower urinary tract 
dysfunction, why we chose to do a retropubic or a 
paravaginal repair, and what the test of choice is. The 
test of choice for me is a provoked full-bladder stress 
test when the apex of the vagina is replaced. We filled 
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the bladder to the point of maximum sensation, re- 
duced the apex with a sponge stick or a cotton swab, 
and had the patient cough and strain while sitting in a 
birthing chair. If the patient leaks urine under those 
circumstances, we choose vaginal or retropubic para- 
vaginal defect repair in association with the other re- 
constructive procedures: 

Dr. Meeks asked why we did not do an anterior re- 
pair. First, in some patients we did not make the right 
diagnosis. I am sure we missed the defects. Second, in 
some of the people we identified the defects preoper- 
atively, but when we replaced the apex to the ischial 
spine (performed in the office) and had the patient bear 
down maximally, it was our impression the anterior 
segment did not descend. We were wrong. 

Do we go to the spine? We try to take the apex of 
the vagina to the sacrospinous ligament. If that is not 
possible we use levator fascia just anterior to the spine, 
a procedure Dr. Meeks is very familiar with. The pro- 
cedure was reported in Southern Medical Journal in 1963 
by Byron Inman. The group at Mississippi has used 
that repair extensively. I have another group of patients 
I did not report today in whom I have ibe levator 
fascia as a point of attachment. 

Jeff Cornella has asked about suture material. We 
have used permanent ‘sutures in the right ligament, 
Novafil or Ethibond. There was not enough informa- 
tion for me to report whether it made a difference as 
to which we used. Steve Cruikshank asked if we ex- 
amined patients when they were standing. Yes and no. 
I do examine some standing patients. I find it quite 
difficult to look at each site with the patient in the 
standing position. I can not fathom being able to do 
that accurately. I could tell if something were coming 
out, but it would be quite difficult to evaluate urethra, 
bladder, cuff, cul-de-sac, and rectum individually with 
the patient in the standing position. 
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Routine cytologic screening for cervical dysplasia has 
effectively decreased the incidence of cervical carci- 


noma and its associated mortality’; however, the false- 


negative rate for Papanicolaou smears is estimated to 
be as high as 40%.? Suboptimzl smear qualityis a known 


potential source for such error. Because the squamo- . 


columnar junction Is at greatest risk of having neoplasia 
develop, adequate cell sampling of this area is necessary 
to assure the high sensitivity of the Papanicolaou smear. 
The presence of columnar endocervical cells cn the 
smear is accepted as evidence that the squamocolumnar 
junction has been sampled. Large studies have shown 
that the presence of endocervical cells is associated with 
‘an increase in the proportion of smears showing cel- 
“Jular atypia and dysplasia, therefore resulting in higher 
sensitivity.*° 

To improve Papanicolaou : smear quality and reli- 
ability, numerous cell collection devices and techniques 


have been introduced since the original method de-. 


scribed by Papanicolaou i in the 1940s.*"! The ideal in- 
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strument would provide adequate ectocervical and en- 
docervical cellular material -without undue mucosal 


damage to the cervix and without inducing bleeding 


that could obscure cytologic evaluation. The technique 
should be relatively simple and produce similar quality 
Papanicolaou smears regardless of the experience of 
the medical personnel collecting the samples. There- 
fore the purpose of this study was to compare four 
commercially available Papanicolaou smear—collecting 
devices to determine which method produces the high- 
est quality smear in pregnant and nonpregnant pa- 
tients. 


Material and methods 
The study group included all patients undergoing 


_ Papanicolaou smear evaluation between October 1990 


and February 1991. Subjects were evaluated in the out- 
patient clinics of the Regional Medical Center in Mem- 
phis, the teaching hospital associated with the Univer- 
sity of Tennessee, Memphis. Papanicolaou smears were 
performed by faculty, residents, and medical students, 
all of whom had been instructed in the proper tech- 
nique of specimen collection with each device. Only 
patients who had previously undergone hysterectomy 


or who had previously been treated for cervical carci- 
noma were excluded. Patients were not excluded be- 


cause of their gestational status. 
Demographic data obtained at the time cf the cervical 
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smear included age, gravidity, parity, gestational status, 


date of last menses, current use of oral contraceptive, ' 


history of previous abnormal Papanicolaou smear, and 
. previous cervical cryotherapy, cervical conization, or 


cervical laser treatment. Gestational status was defined: 


as (1) pregnant, any gestational age; (2) postpartum, 
<8 weeks from delivery of pregnancy >20 weeks’ ges- 
tational age; and (3) nonpregnant. The training level 
of the person taking the smear was also recorded. 
Patients were randomly assigned by computer-gen- 
erated numbers to one of four methods of Papanico- 
laou smear collection. The four cytologic sampling 
methods evaluated were (1) cotton swab and modified 
Ayre spatula, (2) Cytobrush (Medscand (U.S.A.), Hol- 
lywood, Fla.) and modified Ayre spatula, (3) Cervex- 
Brush (Unimar, Inc., Wilton, Conn.), or (4) Bayne Pap 
Brush (Medical Dynamics Inc., Englewood, Colo.) (Fig. 
1). The Papanicolaou smear collection method was per 
the manufacturer’s recommended instructions. Each 
method was preceded by use of the modified Ayre spat- 
ula, which was rotated circumferentially over the ec- 
tocervix; the end appropriate for the patient’s gesta- 
„tional status was used. The cotton swab and Cytobrush 
were each gently inserted into the endocervical canal 
and rotated 360 degrees. The central bristles of the 
Cervex-Brush were gently inserted into the endocervix 
until the lateral bristles bent fully against the ectocervix. 
The Cervex-Brush was rotated three to five times to 
the right and left. The sample as applied to the slide 
with a paint stroke of each side of the bristles. The 
Bayne Pap Brush is malleable and can be adjusted to 
conform to the shape of the cervix. The endocervical 
portion of the brush was gently inserted into the en- 


docervical canal until there was continuous application 


of the brush from the endocervix to the ectocervix. The 
brush was rotated 360 degrees. All smears were placed 
on a single glass slide and immediately fixed with 95% 
alcohol. 

All smears were evaluated by the Cytopathology Lab- 
oratory associated with the Department of Pathology, 
University of Tennessee, Memphis. The laboratory is 
accredited by The College of American Pathologists. 
The cytopathology technicians and cytopathologist 
were blind as to the sampling method. Initially one of 
four cytopathology technicians interpreted the slides. 
The cytopathologist reviewed any sample about which 


the cytotechnician was uncertain, 200 randomly se- 


lected samples, and all samples that were deemed un- 
satisfactory or abnormal. Recovery of endocervical cells 
and quality of the smear were documented. The pres- 
ence of inflammation, bacteria, Monilia, Trichomonas ex- 
cessive red blood cells, and drying effect were noted. 
Smear quality was designated as inadequate, mar- 
ginal, adequate, or optimal. A smear was considered 
inadequate if (1) it lacked an endocervical component, 
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(2) excess blood or inflammation obscured the epithelial 


‘cells, (3) the smear dried before fixation. (4) the ecto- 
‘cervical component was insufficient, or (5) the smear 


was too thick. A smear were graded as marginal if the 
quality was compromised, but not obscured, by blood, 
inflammation, or air-drying; in addition, ectocervical 
cells were present, and the smear contained =25 en- 
docervical cells. The quality of adequate and optimal 
smears was uncompromised by the above-noted factors. 
Ectocervical cells were present. Adequate smears con- 
tained 225 but <50 endocervical cells. Optimal smears 
contained =50 endocervical cells. If the smear were 
deemed inadequate or marginal, the reason was re- 
corded. Statistical analysis was performed by the De- 
partment of Biostatistics. Analysis of variance and x? 
tests were used. 


Results 


A total of 2015 patients were randomized to be tested 
with one of four cervical cytologic sampling devices: 
503 (25.0%) cotton swab and modified Ayre spatula, 
501 (24.9%) Cytobrush and modified Ayre spatula, 505 
(25.0%) Cervex-Brush, and 506 (25.1%) Bayne Pap 
Brush. Table I summarizes the demographic data of 
the patients included in the clinical trial. There was no 
statistical difference among the four sampling groups 


regarding age, gravidity, parity, gestational status, oral 


contraceptive use, postmenopausal satus, and training 
level of the examiner, The number of patients in each 
group with histories of previous abnormal Papanico- 
laou.smears or cervical surgery, including cryotherapy, 
laser ablation, or conization, was not statistically dif- 
ferent. 

There was a significant difference in Papanicolaou 
smear quality between pregnant and nonpregnant pa- 
tients (postpartum patients were too few for statistical 
evaluation). Five hundred two (85.4%) of 588 non- 


pregnant patients had optimal-adequate smears, com- 


pared with 1004 (74%) of the 1356 pregnant patients 
(p < 0.001). Inadequate smears occurred in 67 (11.4%) 
of the 588 nonpregnant patients and 242 (17.8%) of 


the 1356 pregnant patients (p = 0.0050), Endocervical 


cells were absent in 164 (12.1%) of the 1356 pregnant 
patients, compared with 48 (8.2%) of the 588 non- 
pregnant patients (p = 0.0220). Excessive inflamma- 
tion was found on cervical smears. of 212 (15.6%) of 
the 1356 pregnant patients and 72 (12.2%) of the 1588 
nonpregnant patients (p < 0.0001). There was no sta- 
tistical difference between groups for excessive blood. 

Cervical smear quality for each sampling device was 
assessed separately for nonpregnant-postpartum and 
pregnant patients. Because both optimal and adequate 


smear grades are acceptable to the practitioner, these 


were combined into one category for statistical com- 
parison. For nonpregnant and postpartum patients 
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Table I. Comparison of demographic data and training level of the health care professional obtaining 
Papanicolaou smear 
















Cotton 
swab—modified Cytobrush—modified 
Ayre spatula Ayre spatula 


Age (yr, mean + SD) 24.1% 7057 24.8 + Ee 25.0 + 8.7 25.0 + 10.1 NS 
Gravidity (mean + SD) 27 + 18 2.6 + 1.7 20 k 27 y NS 
Parity (mean + SD) 15 oe. -16 1.4 + 1.4 Los. 15 16+ 1.7 NS 
Nonpregnant 140 ` 27.8 141 28.1 149 29.5 158 31.2 NS 
Pregnant 345 68.6 340 67.9 340 67.3 331 65.4 NS 
Postpartum (=8 wk): 18 . 3.6 20 4.0 16 3.2 17 3.4 NS 
Oral contraceptive use 58 11.5 49 9.8 47 9.3 54 10.7 NS 
Postmenopausal 4 0.8 0.4 9 1.8 8 1.6 NS 
Previous abnormal 45 8.9 44 8.8 62 12.8 60 11.8 NS 
Papanicolaou smear 
Previous therapy 
Previous cryotherapy 12 2.4 1.8 15 3.0 17 3.4 NS 
Previous conization 5 1.0 1.4 ll AA 8 1.6 NS 
Previous laser ablation 4 0.8 0.6 5 1.0 l 0.2 NS 
Leve! of training 
Medical student 167 3.2 176 35.1 177 35.0 167 33.9 NS 
(n = 687, mean 
34.1%) 
PGY-1 (n = 271, mean 54 10.7 61 Taz 79 15.6 77 15.2 NS 
13.4%) | | 
PGY-2 (n = 384, mean 102 20.3 99 19.8 95 18.8 88 17.4 NS 
19.0%) 
PGY-3 (n = 261, mean .- “70 13.9 72 14.4 50 9.9 69 13.5 NS 
13.0%) 
PGY-4 (n = 76, mean 30 6.0 25 5.0 26 5.1 25 4.9 NS 
3.8%) i 
Fellow-attending 3 0.6 0.8 7 1.4 5 1.0 NS 
(n = 19, mean 0.9%) 
Not documented Te . 15.3 64 12.8 71 14.1 75 14.3 NS 


(n = 287, mean 


14.2%) 


p < 0.05 considered significant. NS, Not significant; PGY, postgraduate year. 


there. was no statistical difference in smear quality 
: among the four sampling groups (Table II). 

The smear quality results of the 1356 pregnant pa- 
tients sampled are listed in Table III. Optimal and ad- 
equate Papanicolaou smears were increased for the Cy- 
tobrush-spatula and the Bayne Pap Brush versus the 
cotton swab—spatula (p = 0.0301 and 0.0004, respec- 
tively). Fewer inadequate smears occurred with the Cy- 
tobrush-spatula versus the cotton swab-—spatula 
(p = 0.0317), the Bayne Pap Brush versus the cotton 
swab-—spatula (p < 0.0001), and the Bayne Pap Brush 
versus the Cervex-Brush (p = 0.0077). There were no 
other statistical differences occurring among sampling 
devices. 

Factors accounting for marginal and inadequate 
smears for all patients are summarized in Table IV. 
‘Absent endocervical cells was the single most common 
reason for the Papanicolaou smears to be judged in- 
adequate. In the pregnant patient the cotton swab— 
spatula was less likely to recover endocervical cells than 
the Cytobrush-spatula (p = 0.0010), the Cervex-Brush 


(p = 0.0137), and the Bayne Pap Brush (p = 0.0026). 
There was no differences among the other three sam- 
pling devices. This trend was evident, but not statisti- 
cally significant, for the nonpregnant patient. For all 
patients excessive blood was more common in the Cy- 
tobrush—Ayre spatula smear as compared with the cot- 
ton swab—Ayre spatula (p = ?) and the Cervex-Brush 
(p = ?). No statistical difference occurred between the 
sampling methods for excessive drying or excessive in- 
flammation. Smears that were too thick or too thin oc- 
curred too infrequently to be statistically meaningful. 
Detection of cervical dysplasia was constant for all 
Papanicolaou smear sampling groups. Dysplasia was 
present in 31 (6.2%) cotton swab-—spatula smears, 29 
(5.8%) Cytobrush-spatula smears, 31 (6.1%) Cervex- 
Brush smears, and 27 (5.3%) Bayne Pap Brush smears. 
Thirty-six patients underwent colposcopic exami- 
nations and biopsies at the time their Papanicolaou 
smears were obtained. Eight (22.2%) patients had 
clumping of cervical cells on their smears; the outer 
third to half of the epithelial layer of their biopsy spec- 
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Table II. A comparison of pap smear quality by sampling method in nonpregnant and 
postpartum patients 








Cotton swab Cytobrush 
(n = 158) (n = 161) 


Optimal and adequate 132 83.5 136 84.5 
Marginal 5 3:2 10 6.2 
Inadequate 21 3.3 15 93 


Cervex-Brush 
(n = 165) 


Bayne Pap Brush 
(n = 175) 
No % 


p Value 





140 84.5 153 87.4 NS 
- 3.0 3 1.7 NS 
20 12.1 19 10.9 NS 





p < 0.05 considered significant. NS, Not significant. 


Table III. A comparison of pap smear quality by sampling method in pregnant patients 













I 
Cotton swab 
(n = 345) 


N 
Optimal and adequate 224 64.9 264 77.6 


Marginal 31 9.0 26 7.6 
Inadequate 90 26.1 50 14.7 







Cervex-Brush 
(n = 340) 







III IV 
Bayne Pap Brush 


(n = 331) 





No. p Value 
239 70.3 277 83.7 II vs I p = 0.0301 
IV vs I p = 0.0004 
37 10.9 16 4.8 NS 
64 18.8 38 ‘LS II vs I p = 0.0317 


IV vs I p < 0.0001 
IV vs III p = 0.0077 





p < 0.05 considered significant. NS, Not significant. 


imens had been denuded. As a result, evaluation of 
cervical intraepithelial neoplasia grade for either the 
smear or the biopsy was impossible. One (12.5%) was 
obtained by the cotton swab—spatula, 2 (25.0%) by the 
Cytobrush-spatula, 4 (50.0%) by the Cervex-Brush, and 
1 (12.5%) by the Bayne Pap Brush. 


Comment 


We believe this is the first report comparing the four 
commonly used sampling methods in a randomized 
trial in the same population, and thus the major 
strength of this study. Taylor et al.’ reported a decline 
of suboptimal smears caused by a lack of endocervical 
cells from 12% to 1.7% when the Cytobrush was used 
in place of the cotton swab. Murata et al." corroborated 
these findings and improved the endocervical cell yield 
from 61.8% to 82% by replacing the cotton swab with 
the Cytobrush. Concurrently they noted an increase in 
the proportion of Papanicolaou smears showing cer- 
vical intraepithelial neoplasia. 

The Cervex-Brush was designed to sample the ec- 
tocervix and endocervix simultaneously. Vooijs? com- 
pared with Cervex-Brush to the modified Ayre spatula 
in a large series. The rate of unsatisfactory smears fell 
from 4.8% to 2.4%, and the presence of endocervical 
cells rose from 85.9% to 95.8% with use of the Cervex 
Brush. Laverty et al.” showed a statistically significant 
increase in endocervical cell recovery and presence of 
atypical squamous cells with the Cervex-Brush. How- 
ever, both of these studies lacked the use of an endo- 


cervical sampling device in conjunction with the spatula 
in the comparison group. 

In a prospective randomized trial Dotters et al.'' re- 
ported a very low incidence of Bayne Pap Brush smears 
lacking endocervical cells (1.4%); 96% of these smears 
were optimal (containing >50 endocervical cells). Of 
the smears collected with the cotton swab and Ayre 
spatula, 19% lacked endocervical cells and only 58% 
were considered optimal. Dotters et al. also noted a 20% 
incidence of cervical bleeding when the Bayne Pap 
Brush was used in pregnancy and a 2.5% incidence of 
bleeding in nongravid patients. 

This trial showed a significant improvement in smear 
quality for the Cytobrush over the cotton swab for preg- 
nant patients. Frequency of inadequate smears was sig- 
nificantly less compared with the cotton swab—modified 
Ayre spatula method. Endocervical cell presence was 
significantly greater in the pregnant population. These 
differences were not statistically significant in the non- 
pregnant patient. 

The Cervex-Brush did not demonstrate a significant 
change in smear quality as compared with the other 
groups. Endocervical cell presence was significantly im- 
proved over the cotton swab—spatula for pregnant pa- 
tients. Excessive blood was seen more commonly with 
the Cervex-Brush than with the cotton swab—spatula. 

Our study demonstrated a statistically significant im- 
provement in smear quality for the Bayne Pap Brush 
as compared with both the cotton swab—spatula and 
the Cervex-Brush for pregnant patients. For nonpreg- 
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p Fig. 1. Four methods of cervical cytologic sampling: Modified Ayre spatula, Cytobrush, Cervex- 

G5- Brush, and Bayne Pap Brush. 

be 

g Table IV. Factors responsible for marginal or inadequate smear quality 

E I 

$» Cotton lI IV 

= swab—modified Cytobrush—modified IHI Bayne Pap 

i Ayre spatula Ayre spatula Cervex-Brush Brush 

es (n = 503) (n = 501) (n = 505) (n = 506) 

F. 

; E Endocervical cells ab- 83 16.5 36 ia 51° 10.1 47 93 IL vs I p = 0.0001 

f sent (all patients) III vs I p = 0.0288 
ü IV vs I p = 0.0081 
ae Excessive blood 13 2.6 38 7.6 37 Ta 17 34 Hvsīp = 0.0001 

i II vs I p = 0.0002 
05. Excessive drying 43 8.5 25 5.0 28 D9 8 1.6 NS 

F Excessive inflammation 9 1.8 15 3.0 13 2.6 6 12°. “NS 

j p < 0.05 considered significant. NS, Not significant. 

i 

y nant patients the Bayne Pap Brush was equal to the biopsy, thereby mandating conization. As increasingly 
4 cotton swab—spatula. Endocervical cell collection was aggressive techniques are used to sample the endocer- 
; significantly improved over the cotton swab—spatula for vix, this issue will demand further study. 

K, pregnant patients. Cost is important when mass screening is considered. 


FR aL 


A concern raised but not answered in our paper is 
the effect of the various sampling methods on the ep- 
ithelium of the cervix. As seen in eight patients un- 
dergoing colposcopies, denudation of the epithelium 
by the sampling techniques made histologic evaluation 
of the biopsy impossible. Improved cell smears may be 
counterproductive if cervical intraepithelial neoplasia 
grade and depth of involvement cannot be assessed by 


The manufacturers’ quoted price (as of April 1991) per 
unit for 1000 units is $0.07 of the cotton swab—Ayre 
spatula, $0.30 for the Cytobrush—Ayre spatula, $0.41 
for the Cervex-Brush, and $0.53 for the Bayne Pap 
Brush. The cost of greater quantities may vary, but the 
price trend is still applicable. 

On the basis of these data, the less costly method of 
screening is the Ayre spatula—Cytobrush combination 
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in the pregnant patient and the Ayre spatula—cotton 
swab combination in the nonpregnant patient. If only 
one method is to be selected, it should be the Ayre 
spatula—Cytobrush method. 
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Discussion 


Dr. Jonn V. Knaus, Evanston, Illinois. In an era 
that has seen the Papanicolaou smear ex-rapolated 
from simple exfoliative cytology to reinvent on by the 
Bethesda system, Dr. McCord et al. have helped resolve 
several issues of daily importance to the practicing gy- 
necologist. | 

First, in nonpregnant patients no significant statistical 
difference in Papanicolaou smear quality was noted 
among the four sampling methods tested. Cotton swab 
and spatula was judged the most cost- and ‘smear-qual- 
ity effective. In the pregnant patient the Cytcbrush and 
spatula were most effective. Second, the detection rate 
of cervical intraepithelial neoplasia was equal among 
the four methods. As the authors state, no prior study 
has led to these clear results. 

It is a third area, that of Papanicolaou smear ade- 
quacy as determined by the presence of emdocervical 
cells, that requires further discussion. Of latz much has 
been written expounding the close correlation between 
the presence of endocervical cells and Papanicolaou 
smear adequacy. Literature documenting this relation- 
ship has become an assumption of many authors. In- 
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deed, an entire body of knowledge placing this sup- 
position in doubt has been largely ignored. With the 
criteria of absent or insufficient endocervical cells, up 
to 30% of Papanicolaou smears may be inadequate.’ 
Husain et al.? report this number to approach 80% in 
some series. In the case of a wide transformation zone, 
the most representative sampling may not contain en- 
docervical cells.* Lee et al.4 report endocervical cell re- 
covery on cervical cytology smears to be independent 
of the clinician’s length of training and experience. In 
a prospective study of 18,900 patients, Kiviahan found 
the presence of endocervial cells on Papanicolaou 
smears to have no statistical predictive value in detect- 
ing cervical intraepithelial neoplasia.’ 
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Dr. JULIAN SCHINK, Chicago, Illinois. The stated goal 
of Dr. McCord’s study was to compare the Papanicolaou 
smear quality and endocervical cell recovery of four 
different cervical sampling systems. Her study focuses 
on easily measured subjective parameters, but with this 
study design she is unable to address the most impor- 
tant question: Can a given Papanicolaou smear collec- 
tion system improve the sensitivity of this screening 
test? This study could not use Papanicolaou smear sen- 
sitivity as an endpoint for two reasons. First, the prev- 
alence of cervical dysplasia was too low in the study 
population. Second, the sample size is much to small 
to find any difference in the dysplasia detection rate of 
different systems. A study of Papanicolaou smear 
screening would require 26,500 patients per group to 
demonstrate a 10% difference in detection rate at a 
power of 80% and p = 0.05. With the present study 
the power to detect such a difference was only 9%. 

For Dr. McCord’s research to be meaningful we must 
accept the premise that an adequate sample of endo- 
cervical cells results in a more sensitive and reliable 
Papanicolaou smear. In support of this premise, 
Rylander’ (1977) showed that false negative Papani- 
colaou smears of women with invasive cancer fre- 
quently lacked endocervical cells. Furthermore, Elias 
et al.” noted severe abnormalities four times more often 
in smears containing endocervical cells than in smears 
without endocervical cells.? On the other hand, how- 
ever, in a study of 18,914 women Kivlahan and Ingram’ 
found no difference in the atypia rates between women 
with and without endocervical cells on serial Papani- 
colaou smears. Therefore the importance of endocer- 
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vical cells on a Papanicolaou smear remains controver- 
sial. Many prior studies have shcwn the same improved 
yield of endocervical cells with tae Cytobrush, but I do 
not know of any large prospective study showing im- 
proved sensitivity for detection of cervical cancer of 
dysplasia with the use of the Cy-zobrush. We can safely 
conclude that the Cytobrush produces a cytology spec- 
imen that is more likely to contain endocervical cells; 
it remains to be shown whether this translates into a 
more sensitive test. 

In this study the improvementin Papanicolaou smear 
quality was most noteworthy in pregnant patients. Un- 
fortunately, the Cytobrush manufacturer cautions 
against the use of Cytobrush in pregnancy. My ques- 
tions to Dr. McCord are (1) How do the authors rec- 
oncile this discrepancy between their results in preg- 
nant patients and the manufacturers’ recommenda- 
tion? and (2) Because almost 15% of your patients have 
unsatisfactory smears, how do you recommend man- 
aging these patients? 


The power analysis was performed by Alfred W. Ra- 
demaker, Biometry Section of Ncrthwestern University 
Cancer Center. This analysis is based on a two-tailed 
test detecting a 10% difference (=5.53% or 26.82%) 
in the baseline rate of 6.2%. 
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Dr. JOHN C. MorRISON, Jackson, Mississippi. We in 
Mississippi have the same problem as Dr. McCord et 
al. have in Tennessee: the pregnant patient with an 
inadequate Papanicolaou smear zhat causes unneces- 
sary patient visits. This adds greatly to the expense and 
to the uncertainty regarding the results. 

Dr. Schink correctly points out zhat the manufactur- 
er’s guidelines state that the Cytobrush should not be 
used in pregnant patients. We have just completed a 
study involving 880 patients comparing Cytobrush with 
the cotton-tip applicator. We found that in 71% of the 
women the Cytobrush gave us adequate Papanicolaou 
smears compared with only 42% with the cotton tipped 
applicator, very similar to the statistics that Dr. McCord 
presented. 

In our series of 880 patients only three had bleeding. 
We had a few cases, of course, with spotting. So we have 
no case in our series where the Cytobrush led to bleed- 
ing that was in any way dangerous; we are publishing 
that fact and ask the authors how many of their preg- 
nant patients had bleeding that was heavy or caused 
complications. l 

Dr. James G. BLYTHE, St. Louis, Missouri. The first 
pictures you showed—was that a wooden or a plastic 
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Ayre spatula? ‘There is a statistically significant differ- 
ence when collecting cells with the plastic Ayre spatula, 
and I certainly recommend that spatula to everybody. 

We did a similar study comparing the Cytobrush with 
the Cervex-Brush, looking at the number of endocer- 
vical cells. We found endocervical cells to be equally as 
recoverable with the Cytobrush and the Cervex-Brush 
whether the patient was pregnant or not because the 
Cytobrush is not recommended for use in pregnancy. 
We recommend to our private physicians the use of the 
Cervex-Brush and the plastic Ayre spatula in pregnant 
patients. | 

Dr. SUZANNE R. TrupPin, Champaign, Illincis. In our 
practice we have been searching diligently for an af- 
fordable Papanicolaou smear, and we have switched 
labs a number of times over the past number of years. 
We find that our percentage of cervical intraepithelial 
neoplasia discovery is a factor of the individual pa- 
thology laboratory, as is our percentage of adequacy. 
Could the authors comment on this? 

Dr. JOHN KNAUS, Evanston, Illinois. A recent paper 
in the Journal of Reproductive Medicine addressed the 
issue of Papanicolaou smear accuracy.' The training 
level completed and the number of years of clinical 
practice of the person performing the smear did not 
equate with greater accuracy in obtaining endocervical 
cells. The authors concluded that obtaining an ade- 
quate Papanicolaou smear was as much an art as a 
science. 


REFERENCE 


l. Lee D, Patrissi GA, Kaminski PF. Accuracy of Papanicolaou 
smears. J] Reprod Med 1988:33;10:795. 


Dr. McCorp (Closing). I begin by addressing Dr. 
Knaus’s questions. Whether the presence of endocer- 
vical cells will improve the detection of dysplasia is un- 
clear. However, most studies have shown that the pres- 
ence of endocervical cells on the smear is associated 
with improved smear quality. This, then, appears to be 
correlated with adequate sampling of the entire trans- 
formation zone. 

Because we did not detect any significant differences 
in the sampling methods for the nonpregnant patient, 
including improved detection of dysplasia, the cotton 
swab is the most cost-effective method of screening for 
the nonpregnant patient. In the nonpregnant patient 
there was no significant difference in the presence of 
endocervical cells with any of the four methods. 

Dr. Schink asked several questions. To begin, let me 
explain why we chose to include subjective criteria in 
our study. Our laboratory records the reason a Papa- 
nicolaou smear is considered inadequate. Frequently a 
Papanicolaou smear is unsatisfactory for reasons other 
than scant cellularity. Some of the reasons may be sam- 
pling-method dependent: excessive blood and air- 
drying effect. Other reasons, such as excessive inflam- 
mation, are not method dependent. A sampling 
method that collects endocervical cells yet results in 
poor quality smears because of cell clumping, bleeding, 
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or air drying should not be used. Unfortunately these 
criteria are subjective and vary between laboratories 
and individuals. The very nature of cytology and di- 
agnosis of dysplasia is subjective. 

I defer to Dr. Schink his comments on the statistical 
adequacy of our patient population. Our statistical data 
was performed by a biostatistician who assured us be- 
fore the initiation of our study that our sample size was 
adequate. 

It was noted that our conclusion for nonpregnant 
patients differed from other studies. Most studies eval- 
uating sampling methods have addressed the recovery 
of endocervical cells as the sole criterion for recom- 
mending a method. Endocervical cell recovery is ex- 
tremely variable. For instance, Murata et al. recom- 
mended use of the Cytobrush over the cotton swab as 
the endocervical detection rate improved from 62% to 
83%. We had a detection rate of 90% for nonpregnant 
patients with the cotton swab. Again, this demonstrates 
the importance of understanding the criteria used in 
your laboratory. 
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We believe that inadequate smears, for whatever rea- 
son, should be repeated. 

Both the Cytobrush and the Bayne Pap Brush have 
qualifiers on their packages cautioning about use in 
pregnancy. Before beginning our study, I spoke with 
representatives from both companies. Both’ have un- 
published data documenting the safety of these devices 
in pregnancy. The disqualifiers remain on the packages 
because the data is unpublished. We did not have any 
known complications from any sampling methods. Pa- 
tients in their third trimester of pregnancy tended to 
have cervical bleeding when the Papanicolaou smear 
was obtained with the Bayne Pap Brush. Two patients 
were kept in the clinical area for 1 to 2 hours for ob- 
servation. Interestingly, the incidence of excess blood 
on smears was not increased for patients in the third 
trimester of pregnancy. 

We used wooden spatulas with the cotton swab and 
Cytobrush. The use of the plastic Ayre spatula might 
have improved our smear quality further. 


Interlaboratory variation in antiphospholipid antibody testing 


Alan M. Peaceman, MD, Richard K. Silver, MD, Scott N. MacGregor, DO, and 
Michael L. Socol, MD 


Chicago and Evanston, Illinois 


OBJECTIVE: Because of the widespread use of antiphospholipid antibody testing in the evaluation of 
patients with recurrent pregnancy loss, we evaluated the consistency of results among laboratories testing 
for anticardiolipin antibody and the lupus anticoagulant. 

STUDY DESIGN: A questionnaire regarding-methods used and samples of blood from 20 patients were 
sent to five university-based and five commercial facilities for antiphospholipid antibody testing. 
RESULTS: The responses of the perticipating laboratories to the questionnaires revealed significant 
differences in methods, standardization, and units of reporting. For anticardiolipin antibody, the number of 
specimens found to be positive for eny isotype (immunoglobulin G, M, or A) varied considerably among 
laboratories, with a range of 5 to 13. All laboratories were in agreement (i.e., at least one isotype was 
present or all were absent) for only 5 of 20 specimens (25%). In contrast, lupus anticoagulant results were 
more reproducible, although one facility reported results markedly discordant from the other four 
laboratories. l l l | 
CONCLUSION: These observations ‘suggest that significant interlaboratory variation exists in 
antiphospholipid antibody, and particularly anticardiolipin antibody, testing and might lead to unnecessary ~ 
therapeutic interventions. (AM J OBs-ET GYNECOL 1992;166:1780-7.) 
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recurrent pregnancy loss 


Antiphospholipid antibodies are circulating autoan- 
tibodies directed against negatively charged phospho- 
lipid components of cell membranes. Two particular 
antiphospholipid antibodies, anticardiolipin antibody 
and. the lupus anticoagulant, have recently been im- 
plicated as possible causes of recurrent adverse obstet- 
ric outcomes. Second-trimester fetal death, early severe 
preeclampsia, fetal growth retardation, and maternal 
thrombosis have all been associated with the presence 
of lupus anticoagulant, and anticardiolipin antibody, 
and these complications have been suggested as indi- 
cations for antiphospholipid antibody testing. Al- 
though testing for lupus anticozgulant and anticardio- 
lipin antibody is currently being performed by many 
laboratories in the United States, the College of Amer- 
ican Pathologists does not perform proficiency testing 
or standardization for either assay. A method of 
standardized testing was proposed by the Kingston 
Antiphospholipid Antibody Study group at the anti- 
cardiolipin standardization workshop,’ but these rec- 
ommendations have not been accepted by all labora- 
tories. : 


From the Division of Maternal-Fetal Medicine, Department of Ob- 
stetrics and Gynecology, Northwestern University Medical School, 
Northwestern Memorial Hospital and Evanston Hosjntal. | 
Presented at the Fifty-ninth Annual Meeting of the Central Associ- 
ation of Obstetricians and Gynecologists, Colorado Springs, Colorado, 
October 10-12, 1991. 

Reprint requests: Alan M. Peaceman, MD, Northwestern University 
Medical School, 333 E. Superior St., Suite 410, Chicago, IL 60611. 
6/6/37120 


1780 


Therapy for prevention of poor pregnancy outcome 
in patients who have positive test results for antiphos- 
pholipid antibodies has been largely empiric and has 
included glucocorticoids,*? aspirin,* heparin,’ plasma 
exchange,’ and intravenous immune globulin.’ If sig- 
nificant variation exists among laboratories, it would 
likely result in either large numbers of patients receiv- 
ing unnecessary therapies or repeat pregnancy losses 
in untreated patients who have false-negative results. 
On numerous occasions we have encountered discor- 
dant results among referral patients who have had test- 
ing in two different laboratories. These clinical obser- 
vations prompted us to conduct this investigation to 
determine whether significant variation in either the 
method used or the results exists among regional and 
national laboratories testing for antiphospholipid an- 
tibodies. 


Methods 


Ten laboratories were chosen for participation in this 
investigation, five that were associated with university 
departments and five that were independent commer- 
cial laboratories. Questionnaires were sent to partici- 
pants asking for (1) number of samples tested annually, 
(2) instructions for sample preparation and shipping, 
(3) description of testing used, (4) methods of stan- 
dardization, and (5) units for reporting results. All lab- 
oratories approached agreed to participate with the un- 
derstanding that participating centers would not be 
identified by name. All 10 facilities performed anticar- 
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Table I. Selected characteristics of 
participating anticardiolipin 
antibody laboratories _ 

No. of 
samples 


lested ` 
annually 















Laboratory Isotype tested Units reported 


University 
A 6,000 IgG, IgM GPL, MPL 
B 1,532 IgG, IgM GPL, MPL 
C 40 IgG, IgM, IgA High, moderate, 
' low 
D 18,000 IgG, IgM ` Titer 
E ** IgG, IgM GPL, MPL 
Commercial 
F = 3,560 IgG, IgM Titer 
G 68,400 IgG, IgM, IgA GPL, MPL, APL 
H 2,400 IgG, IgM, IgA GPL, MPL, APL 
I 400 IgG, IgM, IgA GPL, MPL, APL 
J 1,250 IgG, IgM GPL, MPL 


GPL, MPL, and APL are units corresponding to the binding 
activity of 1 ug/ml of purified anticardiolipin antibody (IgG, 
IgM, and IgA, respectively). 

*New assay. 


diolipin antibody testing, but only five performed as- 
says for lupus anticoagulant. | 

Phlebotomy was performed on 20 nonpregnant, con- 
senting subjects who were not receiving stercids, as- 
pirin, or anticoagulant therapy at the time. Plasma and 
serum were extracted in a routine manner (with and 
without sodium citrate, respectively, then centrifuged 
at 3000 g for 30 minutes) and stored at — 20° C. Twelve 
of the 20 samples were from patients who previously 
had positive test results for at least one antiphospho- 
lipid antibody, the initial assay being performed in re- 
sponse to a prior medical or obstetric complication. 
Two additional patients with normal obstetric histories 
and no prior testing were also included. The remaining 
six control specimens were obtained from the anti- 
phospholipid antibody laboratory at the University of 
Utah and were known to be anticardiolipin antibody 
positive (n = 3), anticardiolipin antibody negative 
(n = 2), or borderline anticardiolipin antibody positive 
(n = 1). After all specimens were obtained, samples 
were thawed, separated into aliquots, coded, and dis- 
tributed to all participating centers without patient 
identification or clinical history. Institutional review 
board approval was obtained before performance of 
this study. 


Results 


All laboratories performed assays for immunoglob- 
ulin (Ig) G and IgM anticardiolipin antibodies with an 
enzyme-linked immunosorbent assay; four of 10 were 
tested for IgA anticardiolipin antibody as well (Table 
I). Five of the laboratories requested.frozen specimens 
sent on dry ice, with the ‘others requesting overnight 
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Table II. Selected characteristics of 
participating lupus anticoagulant laboratories 


No. of samples ' Units 
Laboratory | tested annually Method used reported 


University 
2400 Partial thrombo- Seconds 
plastin time 
C 40 Dilute Russell viper Seconds 
: venom test 
E = 300 Dilute Russell viper Seconds 
venom test 
Commercial 
F 3500 Partial thrombo- Positive or 
: plastin time negative 
I 200 Kaolin clotting Positive or 
time negative 


delivery of fresh sera. Seven laboratories claimed to 
have standardized their assays with samples derived 
from the Kingston Antiphospholipid Antibody Study 
program.’ Seven of the 10 laboratories reported results 
in terms of GPL, MPL, and APL units, which corre- 
spond to the binding activity of 1 pg/ml of purified 
anticardiolipin antibody for IgG, IgM, and IgA, 
respectively’; six of these seven also provided qualita- 
tive interpretation of positive values as low, moderate, 


_ or high. Two laboratories reported positive results as 
_ titers without qualitative interpretation, and one re- 
ported positive results only as low, moderate, or 


high. 

The questionnaire responses with regard to lupus 
anticoagulant testing methods are described in Table 
II. Two laboratories measured partial thromboplastin 
times, whereas the other three laboratories used viper 
venom tests or the kaolin clotting time as their primary 
assay. Three participants required that samples be re- 
ceived frozen, and one specifically requested that the 
samples be filtered to remove platelets before freezing. 
Three of the five laboratories were standardized against 
samples from a different laboratory. Although all tests 
were bioassays of in vitro clotting function, two labo- 
ratories characterized results only as positive or nega- 
tive and gave no indication of the degree of abnor- 
mality. 

The clinical histories of the patients from whom sam- 
ples were obtained are summarized in Table III, along 
with subsequent treatment and pregnancy outcomes. 

The results of serum anticardiolipin antibody testing 
are now displayed in Table IV. If the presence of any 
isotype (IgG, IgM, or IgA) at any level is considered a 
positive result, the number of specimens found to be 


positive by each laboratory ranged from 5 to 13. For 


only 5 of 20 specimens (25%) were all laboratories in 
agreement (i.e., at least one isotype was present or all 
were absent). For another six patients, all laboratories 
with one exception were in agreement. For the re- 


maining nine samples tested (45%), there was marked 
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Table III. Clinical histories of participating patients 






Medical history 





Obstetric history before 
initial testing Subsequent pregnancy 
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Antiphospholipid 
therapy 


] Mixed connective tissue Gravida 2, para 0-2-0-2; 25 wk 35 wk GA Aspirin, prednisone 
disease intrauterine fetal death, 31 
wk twins 
2 Scleroderma Gravida 1 Term AGA Aspirin, prednisone 
3 Systemic lupus erythema- Gravida 7, para 0-1-5-1; 4 Pregnancy-induced hyperten- Aspirin, prednisone 
tosus, chronic hyper- first-trimester losses, 17 wk sion, placentae abruptio at 
tension loss, 35 wk IUGR 32 wks 
4 Prior cerebrovascular Gravida 3, para 1-1-0-1; 29 wk Term AGA None 
accident intrauterine fetal death, 
term AGA 
5 None Gravida 3, para 0-0-2-0; 224 26 wk IUGR, neonatal death None 
wk intrauterine fetal deaths 
6 None Gravida 2, para 0-1-0-1; 31 Term AGA Aspirin, prednisone 
wk, severe pregnancy-in- 
duced hypertension, IUGR 
7 None Gravida 3, para 0-1-1-0; 28 Term AGA Aspirin 
wk, IUGR, neonatal death 
8 None Gravida 5, para 1-0-3-1; 3 Term AGA None 
first-trimester losses 
9 None Gravida 5, para 1-0-3-1; 3 Term AGA None 
first-trimester losses 
10 None Gravida 4, para 1-0-3-1; 3 — — 
first-trimester losses 
11 None Gravida 1, para Q-1-0-1; se- — — 
vere pregnancy-induced hy- 
pertension at 29 wk 
12 Positive antinuclear anti- Gravida 5, para 3-1-0-4; 34 wk Term AGA None 


body, positive Venereal AGA 
Disease Research Labc- 
ratory test 
13 None Gravida 1 
14 None Gravida 1l 


15 Known high positive 


16 Known high positive — 
17 Known high positive ~-= 
18 Known negative — 
19 Known negative — 
20 Known borderline positive _— 


IUGR, Intrauterine growth retardation; AGA, appropriate for gestational age. 


variation among laboratories regarding the presence of 
anticardiolipin antibody. 

Plasma was available for lupus anticoagulant testing 
from only 10 patients (Table V). Although fewer lab- 
oratories participated, there was less interlaboratory 
variation with anticardiolipin antibody testing. The re- 
sults from one laboratory (J), however, were signif- 
cantly different from the others, with lupus anticoag- 
ulant found in 6 of the 10 specimens tested. Among 
the other four laboratories there was agreement on all 
specimens but one, for which cne laboratory reported 
the specimen as negative and the other three labora- 
tories detected the presence of lupus anticoagulant. 


Comment 


During the last decade an increased awareness of 
potential complications associated with antiphospho- 
lipid antibodies has prompted a dramatic increase in 
testing for anticardiolipin antibody and lupus antico- 


agulant. Both hospital-associated and commercial lab- 
oratories have expanded antiphospholipid antibody 
testing programs in response to this clinical demand. 
However, not until 1986 was the possibility of signifi- 
cant interlaboratory variation in antiphospholipid an- 
tibody testing formally considered. For anticardiolipin 
antibody an attempt at standardization of testing was 
initiated with the first Kingston Antiphospholipid An- 
tibody Study meeting, which resulted in a multicenter 
comparison of samples.' In this study purified anticar- 
diolipin antibody samples from patients with the “an- 
tiphospholipid antibody syndrome” were sent to 30 
participating university laboratories with instructions 
on how to prepare the samples for testing. Although 
there was general agreement in results from samples 
with high levels of anticardiolipin antibody, consider- 
able variation was found for those sera with Jower val- 
ues. The most recent Kingston Antiphospholipid An- 
tibody Study standardization workshop demonstrated 
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Table IV. Anticardiolipin antibody results 


Patient 
no. A C E F G H I J 


1 LP/MP NA —/LP/- +/+ -/- +/+ 
2 LP/- HP/- —/-/- +/— +/- +/- 
3 MP/HP MP/HP —-/LP/LP +/+ —-/+ +/+ 
4 —/- — | — —/-j/- —~f{/— —-{/-— -l-— 
5 —j/- — f — —{-/- -/{NA -/— -/- 
6 —/- LP- —{-/- NA —-—/- +/- 
7 —/- MP/- —/-/- —~{/—- —-f/— —/+ 
8 —-/- MP/- —/-/- —~{/— =- -i 
9 —/- NA —/-/- ~{/—-~ =- —/+ 
10 —/- — / — —/-/- —{/+ -/- -/- 
11 LP/— LP/- —/-/- —~{/— —-—/— +/+ 
12 —/-— Lp/~ —/-/LP -—/—- -/- +i- 
13 -—j- NA —j{-/- ~/— —-{- -/- 
14 —-/-— MP/- —j-j- —/— == —/+ 
15 HP/LP HP/HP —/=1—~ HINA SI tih 
16 —/HP HP/HP HP/MP/LP +/NA +/+ +/+ 
17 MP/HP NA LP/HP/ — NA —/+ +/+ 
18 —-/- LP/- —-/-/- —~/— —-/- -/- 
19 —/- —/— —/-/{/- -INA —-/- -/- 
20 MP/— LP/— —{-{- +/—- -/- +/—- 
TOTAL 8 12 5 7 5 13 
POSI- 
TIVE 
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Laboratory 
Anticardtolipin 
antibody 
positive 
LPPS i= —/—/— LP/LP/MP LP/-— 7 
Lee — fm |= —/-/- D fe 6 
MP/MP/MP MP/MP/— MP/MP/LP MP/HP 10 
—~/—/MP —/-/- yr ee a ia l 
a a fs =/=] = LP ep afe l 
LP == —{—{- = [ai ags 3 
LP/-/- =} = M a =f 3 
oh fa tee oh a oe oe diary fe ot ioe ] 
a oy eae ef pe sa al ae at es i 
a a ee ol Re ==) iP ot i 2 
Lee ~-= —-/—-/- at oa 4 
LPs —[—|— LPP Sps 5 
~j —{— Say = Sa = =J= 0 
weet a is sa eg’ bas =S] e 2 
MP/—/— LP/-/~  MP/-/MP MP/LP 9 
HP/MP/HP HP/HP/LP HP/HP/LP HP/HP 10 
MP/MP/MP MP/MP/— HP/HP/LP MP/MP 8 
St el et ee —-/-/- at oe ] 
seat doa er —-/-—/- NA at og 0 
MP/—/— MP/-/- =f al = LP/ — 7 
12 5 8 6 


Results are given as IgG/IgM or IgG/IgM/IgA. Results are listed at positive (+) or negative (—) unless qualitative interpretation 
was provided. HP,.MP, LP, High-, moderate-, and low-positive results; NA, result not given. 


continued interlaboratory variation among participants 
for low- and medium-positive values of anticardiolipin 
antibody.’ No similar laboratory comparisons have been 
undertaken for lupus anticoagulant. 

Coulam et al.* tested samples from 20 women with 
recurrent spontaneous abortion in four laboratories 
and concluded that the results of anticardiolipin anti- 
body testing were not reproducible. Only two of eight 
specimens found to have elevations of anticardiolipin 
antibody in one laboratory were confirmed as positive 
in a second facility. These authors questioned the use- 
fulness of a single anticardiolipin antibody test for as- 
sessing women with reproductive loss. 

Our data also suggest that significant interlaboratory 
variation exists in anticardiolipin antibody testing. 
Marked variation in test results among laboratories was 
found for almost one half of the samples studied. The 
variation in positivity was not simply a result of differ- 
ences in determining a mutually agreeable cutoff value 
(i.e., sensitivity); these differences persisted even when 
low values were disregarded. Even when there was 
agreement on the presence of anticardiolipin antibody, 
there were obvious qualitative differences. We did not 
assess intralaboratory variation, but prior studies sug- 
gest that it may also be a source of substantial variation.” 
These observations suggest that when clinical decisions 
are based on a single test result detection. of anticar- 


Table V. Lupus anticoagulant results 






Laboratory 


Patient no. 


i 

| 

{ 

l 
t+ I+ 


1 

9 

3 

4 

6 as = sit = 
7 

8 

9 

] 

2 


I 

| 

i 

| 
+++! +! 


diolipin antibody and recommendations for therapy 
will be highly dependent on which laboratory is used. 

For lupus anticoagulant, interlaboratory comparison 
demonstrated less variation, a finding consistent with 
a prior investigation involving hospital laboratories in 
the United Kingdom.’ In that study >90% of the lab- 
oratories correctly identified negative and strongly pos- 
itive lupus anticoagulant samples, although sample 
preparation and assay method used were not stan- 
dardized. 

Clinical consequences could result from a false-pos- 
itive antiphospholipid antibody result. First, ifa positive 
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result were used to explain a patient’s pregnancy losses, 
other causes: deserving further investigation might go 


unexplored. Second, medical therapy with agents such © 
as prednisone, aspirin, or heparin, if prescribed, would | 


expose the patient to potentially serious risks without 
therapeutic benefit. The efficacy of these agents has 
never been, tested in a placebo-controlled study in pa- 
tients with confirmed high levels of anticardiolipin an- 
tibody; their therapeutic value is surely in question if 
the presence of anticardiolipin antibody is uncertain. 
The lack of an identified reference laboratory pre- 
vents differentiation of discrepant results into false- 
positive or false-negative ones. We do note, however, 
that four of our patients with testing discrepancies had 
normal pregnancy outcomes without therapy for an- 
ticardiolipin antibody. Althougt it is possible that some 
- patients with false-negative or discrepant test results 
might benefit from empiric therapy, it is more likely 


that many-women are being urnecessarily exposed to 


the risks of medical treatment. 

_ On the basis of these observations, we advocate the 
confirmation of a positive result for anticardiolipin an- 
tibody in another laboratory before recommendations 
for therapy are given. This practice would most likely 
reduce the number of patients being treated, with only 
a small chance of withholding therapy from a patient 
who has positive test results in a majority of laborato- 
ries. Because many centers have altered and improved 
their methods over the past 5 years, we also recommend 


that testing be repeated for patents who have positive’ 


results and have been treated for anticardiolipin anti- 
body in prior pregnancies. In contrast, for lupus an- 
ticoagulant repeat testing would be less likely to identify 
any inconsistencies in results. 


We thank D. Ware Branch, MD, for ee the 
control samples for this project. 
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Discussion 


Dr. EDMOND CONFINO, Chicago, Illinois. The asso- 
ciation between elevated antiphospholipid antibody, ab- 
normal lupus anticoagulant, and repeated pregnancy 
loss has been repeatedly documented.' However, the 
best treatment modality remains controversial, and our 
inability to determine that best treatment modality for 
patients with this syndrome reflects not only lack of 
adequately documented prospective, randomized clin- 
ical trials but also an inconsistency in the laboratory 
determination of abnormal levels of anticardiolipin an- 
tibody and lupus anticoagulant. This observation 
prompted the organization of the second international 
anticardiolipin standardization workshop,’ which un- 
fortunately was not followed by all clinically involved 
laboratories worldwide and nationwide. | 

The authors used anticardiolipin antibody and lupus 
anticoagulant samples obtained from a single center. 
These blood samples defined the strongly positive, neg- 
ative, and borderline values. Although this approach is 
appropriate, false-positive values may occur in any ref- 
erence laboratory as well. It is probable that only ad- 
aptation of the Kingston Antiphospholipid Antibody 
Study recommendations will resolve methodologic and 
reference concerns in those assays. 

It is surprising that the interlaboratory differences 
in the determination of lupus anticoagulant were lower 
then the differences measured for anticardiolipin an- 
tibody. The lupus anticoagulant was measured by dif- 
ferent methods such as activated partial thromboplastin 
time, viper venom testing, and kaolin clotting time. Al- 
though it is intuitively expected that differences may 
be larger with lupus anticoagulant, other authors also 
reported smaller interlaboratory differences in the des- 
ignation of strongly positive cases.‘ The search for a 
reference laboratory determination for lupus antico- 
agulant is still continuing, and it seems that these bioas- 


says that indirectly measure the ill-defined lupus anti- 


coagulant require further definition and development.’ 

The argument of the authors that positive anticar- 
diolipin antibody and lupus anticoagulant values may 
potentially interfere with complete evaluation of pa- 
tients with repeated pregnancy loss is questionable, be- 
cause it assumes inappropriate medical decision-mak- 
ing. In a similar fashion the argument that false-positive 
lupus anticoagulant and anticardiolipin antibody de- 
terminations will expose patients to unnecessary risky 


treatments is also debatable, because steroid, aspirin, 


and heparin treatments are considered experimental 


and they should be approached and administered as 


such. 

This study further emphasizes the already well- 
known message that clinical application of lupus anti- 
coagulant and anticardiolipin antibody determinations, 
and the subsequent treatment of affected patients, 
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should be regarded as experimental only. Urtil ade- 
quate referencing and method standardizat-on are 
achieved, physicians are advised to follow.the recom- 
mendation of the authors to consider positiv ty only 
when corroborated by several laboratories and use the 
information from such testing with cautious cri-ical ap- 
proach. 
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Dr. PAUL G. Tomicu, Maywood, Illinois. Dr. Peace- 
man and associates have raised the question, “Is there 
interlaboratory variation-in antiphospholipid antibody 
testing?” Blood specimen results were recorded end the 
data analyzed for 10 laboratories (five university based 
and five commercial) and 20 patients (12 of whom pre- 
viously had positive test results to at least one anti- 
phospholipid antibody, two with normal obstetric ‘his- 
tories without prior testing, and six University cf Utah 
control patients). 

The study results demonstrate the following: 

l. There is significant interlaboratory variazion in 
both anticardiolipin antibody and lupus antico- 
agulant testing. . 

9. Lupus anticoagulant results are more reproduc- 
ible than are anticardiolipin antibody test ~esults. 

3. There was excellent correlation with interlabo- 
ratory data and the University of Utah :ontrol 
patients. 

4. There was minimal interlaboratory variacion in 
those patients with ‘obstetric or medical h-stories 
associated with the antiphospholipid antibody 
syndrome. 

These results are not surprising. Since 1983, when 
Harris’ introduced the solid phase of the anticardio- 
lipin test, one of the major clinical dilemmas <or the 
practicing obstetrician-gynecologist has been making 
the laboratory diagnosis of the antiphospholipid anti- 
body syndrome. To that end Harris has made standard 
positive sera available to several laboratories nationally 
so that results may be presented in a repeatable quan- 
titative fashion that 1s referable to an international ex- 
perience. Unfortunately, as this study demonstrates, 
some laboratories have not yet standardized thei- assays 
with others. Hence physicians are faced with the <linical 
dilemma of whether to treat even if the patient does 
not have a history for the antiphospholipid antibody 
syndrome. This lack of standardization is also = major 
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problem in interpreting clinical data on the antiphos- ` 
pholipid antibody syndrome. ` 

In obstetrics the antiphospholipid antibody syn- 
drome has been associated with a variety of clinical 
situations: recurrent pregnancy losses, early-onset pre- 
eclampsia, stillbirths, intrauterine grows retardation, 
and other rare obstetric complications.** 

Approximately 2% of low-risk obstetric patients can 
be identified as having positive results, with poor preg- 
nancy outcomes.® Low-positive values are probably not 
of significance and transient-positive results do occur. 
IgG antibodies are of more significance than IgM an- 
tibody detection. 

The implications of substantial variation in labora- 
tory results is obvious. If the result is false positive, 
overtreatment will occur. If the result is false negative, 
then undertreatment will occur. 
>. What does this mean to the practicing obstetrician- 
gynecologist? Dr. Peaceman has suggested that a second 
anticardiolipin antibody test should be performed. I 


_ would suggest that the clinician should use a laboratory 


where an appropriate immunoassay procedure and re- 
port results are presented in a semiquantitative mannér 
with reference to the sera made available by Harris. 

I would like to ask Dr. Peaceman three questions: 

l. Do you have any information concerning the vari- 
ation in cost of such testing at each of the labo- 
ratories used in your study? 

2. Do you have an explanation as to why three of 
the 10 laboratories have not been standardized by 
the Kingston Antiphospholipid Antibody Study? 

3. In your own referral practice have you developed 
confidence in your own laboratory, such that you 
would consider action on those results rather than 
recommending that another sample be sent out? 
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DR. ALAN E. BEER, Chicago, Illinois. I would like to 
ask Dr. Peaceman if he has made a clinical correlation 
with the laboratory results and if he has also addressed 
the intraassay | and interassay coefficients of variability 
of the various reporting laboratories. If these are not 
established, the results that were presented could be 
meaningless because of lack of this standardization. 

Dr. ROBERT J. CARPENTER, Houston, Texas. There’s 
a significant difference in the number of patients stud- 
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ied in different laboratories, all the way from a low of 
40 to a high of 68,400. If one excludes the five lowest 
laboratories, which all have studies of <2000, is there 
any closer agreement among the five highest? And for 
those’ who have not read it, there’s an article in The New 
England Journal of Medicine’ that puts this mnOle issue 
into even greater turmoil. 
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Dr. WASHINGTON C. HILL. Nashville, Tennessee. 
Your recommendation is that if I send a test off to a 
laboratory and I get back a positive result, then I need 
to send it off to another laboratory to see what the 
laboratory tells me. Pm a little confused with that be- 
cause then I won’t know which test I’m supposed to 
believe. I think Dr. Tomich’s points are well taken. Per- 
haps, instead of sending the test off to another labo- 
ratory, we need to get to know the ‘laboratory where 
we're having the first test done. 

Dr. MARVIN L. Hace, Durnam, North Carolina. I 
would ask the authors if they could present their data 
taking into account chance agreement. This is an im- 
portant consideration whether between laboratories or 
within laboratories. The statistic frequently cited is x, 
a statistic that varies between +1 and — 1. Second, were 
any tests of significance used? 

Dr. JOHN L. AUSTIN, Memphis, Tennessee. I under- 
stood the method used in that the specimens were col- 
lected, frozen, and then simultaneously thawed and 
separated into aliquots. What was the variation from 
collection to the time of testing? I assume that with 10 
laboratories there was a transit variable. How stable 
were these substances in trarsit, and what were the 
conditions of transit? Are they similar from laboratory 
to laboratory? 

Dr. PEACEMAN (Closing). First, Dr. Confino talked 
about Dr. Harris’s previous studies showing there was 
a good correlation among different laboratories. What 
Dr. Harris did report was that when he took samples 


that were known to be highly positive for anticardioli- | 


pin antibody and sent them to academic centers around 
the world with instructions as to how to prepare the 
samples, he was able to get a good correlation. In each 
of his two articles on the subject, however, he cautioned 
that with low or moderate levels significant variation 
was seen. We deal mostly with these low or moderate 
values on a day-to-day basis. So, although he described 
more correlation than we found, he was also disturbed 
by the fact that there was less agreement for the samples 
with low levels of anticardiolipin antibody. 

. The other issue to remember is that he submitted 
the samples the way he wanted them run. Our study 
was very different. We were trying to evaluate current 


laboratory practice. In other words we submitted the: 


samples in the way each laboratory asked for them and 
instructed the laboratories to run the samples according 
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to their usual protocols, because that’s what happens 
in everyday testing. We think that as such it better ad- 
dresses the question as to whether there will be inter- 
laboratory variation among patient care samples. 

I agree that part-of the discrepancy may be due to 
differences in calibration among the 10 different lab- 
oratories; but once again, this doesn’t matter. In terms 
of our study design, our aim was not to try to correct 
the laboratories. The goal was to determine whether a 
sample sent to different laboratories will get different 
results. To make a decision on therapy on the basis of 
a single result does not recognize the fact that the issue 
of positivity may still be in doubt. We think the first 
step in correcting the problem is indeed recognizing 
that a problem with testing exists; and for most prac- 
ticing physicians there is really no recognition that in- 
terlaboratory variation exists. ` 

We are glad that Dr. Confino shares our bias against 
treatment in many of these patients. We are not nec- 
essarily advocating treatment if two laboratories are in 
agreement. Rather, our recommendation is limited to 
suggesting that if significant interlaboratory variation 
is identified treatment should not be prescribed until 
the issue can be clarified. 

In answer to Dr. Tomich’s question, no, we didn’t 
collect any cost data, although that would be interesting 
to assess. There are a number of laboratories that are 
not testing for only one or two antiphospholipid anti- 
bodies but running panels testing for more than 20 
different antibodies; these tests can be extremely ex- 
pensive. 

We don’t know why the laboratories all haven’t stan- 
dardized their protocols. Perhaps the laboratories 
themselves don’t recognize the possibility of interlab- 
oratory variation. Indeed, when some of the directors 
were contacted, they seemed quite shocked by our re- 
sults. ` 

Dr. Tomich asked if we trusted the results from our 
own laboratory. In-our hospital samples for anticardio- 
lipin testing are sent out to a commercial laboratory— 
one of the commercial laboratories tested here. The 
answer to his question is, no, I don’t trust that labo- 
ratory entirely. I use the laboratory at the University 
of Utah for confirming positive results. The last six 
specimens in this study were obtained from that labo- 
ratory, and there was significant agreement among all 
of the different laboratories for those specimens. 

Dr. Beer asked about clinical correlation. With pa- 
tients who have had a positive test result, we send a 
second sample off as I described. For those samples 
that come back with variation in testing results, we sug- 
gest that treatment is not necessary. We see such vari- 
ation in approximately 90% of the patients that are 
referred to us for testing, and indeed most do well in 
subsequent pregnancies without therapy. Our clinical 
suspicion is that most intralaboratory variation repre- 
sents false-positive rather than false-negative results. 
Although this is our clinical suspicion, we have not per- 
formed a prospective trial to support this contention 
with strong data. 
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In terms of intraassay variation, prior studies have 
shown this to be significant as well. We did not assess 
this particular issue, but we feel that the interlaboratory 
variation is significant enough that by itself it calls into 
question whether treatment is necessary. 

Dr. Carpenter asked about excluding the laboratories 
doing the fewest number of tests. That doesn’t solve 
the problem; unfortunately, it makes it worse. Tne lab- 
oratories with the highest volumes were the ones we 
thought had the most discrepant results, and that’s what 
we found extremely worrisome. They were the ones 
doing most of the testing for which recommendations 
for therapy are being made. 

Dr. Hill asked about repeat testing and why two sus- 
picious results might be better than one. Because our 
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clinical experience suggests that discrepant results most 
likely represent false-positive values, we believe repeat 
testing will allow many women to avoid the hazards of 
treatment. Even among the seven laboratories that had 
claimed standardization with the Kingston Antiphos- 
pholipid Antibody Study study, there was significant 
variation in testing results. Standardizing against Dr. 
Harris pce therefore does not guarantee uni- 
formity. 

Statistical D of this study was not presented, 
We could not find an appropriate statistical method to 
evaluate the data for significance of variation. The de- 
gree of agreement that was seen is greater than would 
occur by random chance. 
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We have previously evaluated both the maternal an- 


tipaternal alloimmune and autoimmune status of 


women with unexplained recurrent spontaneous abor- 
tions, women with normal pregnancies, and women 
who terminate their pregnancies electively early in ges- 
tation and have found major differences in the alloim- 
mune and autoimmune status in women with unex- 
plained recurrent spontaneous abortions.” * In addi- 
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tion, it has been reported that autoimmunity to certain 
negatively charged phospholipid molecules can activate 
phospholipid-dependent coagulation processes in the 
mother and interfere with phospholipid adhesion mol- 
ecules thought necessary for cytotrophoblast to syn- 
cytiotrophoblast development.*® Women in this cate- 
gory experience a higher incidence of recurrent spon- 
taneous abortion and pregnancy complications. The 
role that the presence or absence of maternal alloim- 
munity to paternal antigens and autoimmunity to phos- 
pholipid antibodies play in the success or failure of 
pregnancy is far less well established and still contro- 
versial.° To address these alloimmune and autoimmune 
questions we tested women with recurrent spontaneous 
abortions of unknown cause for alloimmune recogni- 
tion of paternal antigens and autoimmune responses 
before their subsequent pregnancy under study. Two 
hundred seventy women with recurrent spontaneous 
abortions lacked evidence of prior maternal antipater- 
nal immune recognition and were immunized with pa- 
ternal or donor lymphocytes. Once. adequate levels of 
antibody were induced, all couples entered a cycle of 
planned conception. Before attempting pregnancy, 94 
consecutive women were delegated to a treatment 
subgroup. Nineteen women had no autoimmune ab- 
normalities and received no further treatment before 
or during pregnancy. The remainder of the women 
with autoimmune abnormalities were prospectively 
designated to three groups that received (I) precon- 
ception treatment starting at the onset of the cycle of 
conception, (IJ) postconception treatment with the first 
positive pregnancy test, and (III) no autoimmune 
treatment. 

We reasoned that this prospective study could pro- 
vide data that might give insight and answers to a poorly 
studied and controversial area regarding appropriate 
therapy for women with recurrent spontaneous abor- 
tions. We also reasoned that if antiphospholipid anti- 
bodies are capable of altering or unsticking important 
phospholipid adhesion molecules necessary for placen- 
tal organ development, a preconception autoimmune 


treatment may result in a better reproductive outcome ` 


than a treatment started after pregnancy is clinically 
diagnosed or no treatment at all. 


= Material and methods 


Patients. Women with recurrent spontaneous abor- 
tions were physician- -referred to the Reproductive Im- 
munology Clinic, University of Health Sciences/Chi- 
cago Medical School: All were completely evaluated 
clinically before the immunologic work-up to rule out 
genetic, structural, endocrine, and infectious causes. 
Women who had clinically exp-ainable cause(s) for their 
previous pregnancy losses were excluded. Women who 
were pregnant at the initial work-up and who had his- 
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tories of molar pregnancies, therapeutic abortions, and 
miscarriage after 24-week gestations were excluded 
from this study. Women with adequate blocking anti- 
body on initial evaluation were also excluded. From 
these patients 270 women with three or more recurrent 
spontaneous abortions who showed lack of alloimmune » 
responses were immunized with lymphocytes and com- 
prised the study group. One hundred eleven women 
in the study group who demonstrated positive anti- 
phospholipid. antibodies comprised the treatment 
group and were prospectively designated to three treat- 
ment subgroups before index pregnancy: (I) precon- 
ception treatment starting at the onset of the cycle of 
conception, (II) postconception treatment with the first 
positive pregnancy test, and (IIT) no autoimmune treat- 
ment. Ninety-four women became pregnant and are | 
reported in this study. 

Alloimmune evaluation. Human ikoe antigen 
(HLA) tissue typing, mixed lymphocyte culture reac- 
tivity, mixed lymphocyte blocking activity, maternal an- 
tipaternal antibody assessment by crossmatch with mi- 
crocvtotoxicity, and flow cytometry were conducted as . 
previously reported.” * The absence of maternal anti- 
paternal T- and B-cell antibodies before immunization 
(<30% anti-T- and anti-B-cell antibodies) coupled with 
absent blocking activity (<50%) in mixed lymphocyte 
culture constituted a lack of alloimmune recognition. 
Each women in this category was immunized with pa- 
ternal or nonpaternal donor lymphocytes as previously 
reported.” Postimmunization evaluation documented 
an adequate response in all. | 

Autoimmune evaluation. Antibodies to phospho- 
lipid and antinuclear antibody were evaluated before 
immunization and before pregnancy. Once pregnancy 
was established, these were repeated every 2 weeks. The 
dynamics of alloantibody and autoantibody levels dur- 
ing pregnancy are not discussed in this article and are 
the subject of another report: 

Antiphospholipid antibody. Antiphospholipid an- 
tibodies were tested by enzyme-linked immunosorbent 
assay.!™" Polystyrene microtiter plates were coated with 
30 ul of cardiolipin (45 pg/ml in ethanol) or one of 
five other phospholipids (50 ug/ml in methanol), that 
is, phosphatidylseriné, phosphatidylinositol, phospha- 
tidylethanolamine, phosphatidyl glycerol, or phospha- 
tidic acid. The plates were allowed to dry overnight at 
4° G. After drying, the plates were washed once with 
phosphate buffered saline, blocked for 2 hours at room . 
temperature with phosphate buffered saline solution 
containing 10% fetal calf serum, then washed once 
more. Serum from patients and standards diluted. 
1:50 in phosphate buffered saline solution containing 
10% tetal calf serum were added to the wells. The plates 
were incubated for 2 hours at room temperature, then 
washed three times with phosphate buffered saline so- 
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_ lution, Fifty 1 of indirect antibody (alkaline phospha- 
tase conjugated antihuman immunoglobulin Hg} G, 
IgM or IgA) at saturating concentrations were added 
to the appropriated wells and were incubatec for 1 
hour. After the incubation the plates were washed three 
times in phosphate buffered saline solution and 50 pl 
of p-nitrophenyl phosphate (1 mg/ml) were added to 
each well. After 30 minutes the reaction was s-opped 
by the addition of 50 wl of 3 mol sodium hydroxide to 


each well. The optical density of each well was deter- 


mined with a plate reader (Dynatech, Chantilly, Va.) at 
405 nm. The Immunosoft program (Dynatech) was 
used to average duplicate wells and subtract tre non- 
specific background for each antibody specificity for 
each class of duplicate wells. Each plate was run with 
a positive and negative control as standards. Back- 
ground optical density was determined by runnang the 
assay with patient serum diluted 1:50 in 10% fetal calf 
serum in phosphate buffered saline solution in wells 
after the same microtiter plates coated with ethanol or 
methanol but no phospholipids.’ Cut-off values were 
determined with sera from 60 nonpregnant -ealthy 
women between the ages of 20 and 45. An abscrbance 
23 SD above the mean for that phospholipid, and an- 
tibody isotype was considered positive. 

Antinuclear antibody. Antinuclear antibodies were 
measured by indirect immunofluorescence with human 
laryngeal tumor cells as substrate. Sera were screened 
for antinuclear antibodies activity at a dilution cf 1:40. 
Those displaying 1 + or greater fluorescence at dilution 
of 1:40 were considered positive. Positive sera were 
then retested at dilutions of 1:80, 1:160, and higher 
when necessary. 

Controls. Ninety normal women with documented 
uncomplicated pregnancies and no history of sponta- 
neous or therapeutic abortions were tested as normal 
multiparous controls. All contro] subjects wer2 inter- 
viewed, during which time personal and family histo- 
ries were ascertained. None had an autoimmune dis- 
order, and all experienced the live birth of a healthy 
baby. Age and gravidity of the control group were 
‘matched with those of women with recurrent sponta- 
neous abortions in the study group. | 

Nineteen women from the lymphocyte-immunized 
group had no autoimmune abnormalities before and 
during their pregnancies. They were used as“nonau- 
toimmune controls for those immunized wom2n with 
autoimmune abnormalities. | 

Medication and obstetric management. Wcmen in 
group I received preconception treatment wth low- 
dose aspirin, heparin, and prednisone. Patients began 
autoimmune therapy as follows: aspirin 80 mg daily, 
prednisone 5 mg twice daily starting day 1 of zoncep- 
tion cycle, and heparin 5000 U twice daily administered 
subcutaneously by self-administration starting 48 hours 
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- after ovulation. Prednisone was increased to 10 mg 
- orally twice daily, with a positive B-human chorionic 


gonadotropin test conducted on days 26 through 28 of 


_ the cycle. Group II women received postconception 


treatment at the time of a positive B-human chorionic 
gonadotropin test conducted at the end of the cycle of 
conception. The regimen was aspirin 80 mg daily, hep- 
arin subcutaneously 5000 U twice daily, and prednisone 


_ 10 mg orally twice daily. Group IH women received no 


autoimmune therapy. 

The subsequent prednisone dosage was readjusted 
according to autoimmune testing every 2 weeks during 
pregnancy to a maximum dosage of 40 mg per day. 
The indications for the increased dosage were increas- 
ing titers of autoantibodies, antibodies to new epitopes, 
the reappearance of IgM autoantibodies, or ultrasonic 
evidence of placental or amniotic fluid compromise. 
Prednisone was tapered to 10 to 20 mg/day at 24 weeks’ 
gestation and was discontinued at 28 weeks’ gestation. 
Heparin was discontinued at 34 weeks. Aspirin was 
continued until delivery. All women were monitored in 
high-risk centers, All women receiving heparin had fol- 
low-up clotting studies. Activated partial thromboplas- 
tin time and lupus anticoagulant by platelet neutrali- 
zation procedure” and dilute Russell’s viper venom 
time“ were repeated every 2 weeks during the first 
trimester and then monthly. Pregnancy losses, fetal 
growth rates, and fetoplacental Doppler flow kinetics 
were evaluated monthly by serial ultrasonographic ex- 
aminations from the first trimester onward. All failed 
pregnancies were evaluated genetically, immunchisto- 
logically, and were tissue-typed (HLA evaluation) by 
molecular genetic analyses. Analysis of failed pregnan- 
cies are the subject of other unpublished reports (Beer 
and Ober, 1991; Beer and Salafia, 1991). 

Statistics. A x" test was used to compare the incidence 
of autoantibodies and reproductive outcome (success 
rate, preterm incidence, and large- and small-for-ges- 
tational-age incidence); Student’s £ test was used to com- 
pare age, gravidity, and parity between study group and 
multiparous control; and multiple comparison by the 
Duncan test was used to compare age, gravidity, parity, 
birth weight, birth height, and gestational age between 
treatment and nonautoimmune control groups. All 
analysis was performed with a statistical package for 
social science version X statistical package on a Dell 386 
(Austin, Texas) system computer. Differences were as- 
sumed to be significant whenever p < 0.05. 


Results 


Autoantibody profile. The age and gravidity of re- 
current spontaneous abortion women and multiparous 


_ normal control women were comparable. The ages 
were 33.3 + 4.6 and 32.6 + 4.0, respectively. The in- 


cidence of antiphospholipid antibodies in recurrent 
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Fig. 1. Autoimmune abnormalities in women with recurrent 
spontaneous abortion (n = 270). Open area, women with nei- 
ther antiphospholipid antibodies (APA) nor antinuclear anti- 
bodies (ANA); stippled area, APA-positive women; Striped area, 
ANA-positive women; Shaded area, APA-positive and ANA- 
positive women. 


spontaneous abortion patients 141.2%) was significantly 
higher than that of the control group (18%) (p < 0.05). 
Incidence of antinuclear antibodies positivity was dif- 
ferent between recurrent spontaneous abortion pa- 
tients (22.7%) and the control group (12.5%) 
(p < 0.05), The autoantibody profiles of the recurrent 
spontaneous abortion patient population are shown on 
Fig. 1. When the incidence of positive antiphospholipid 
antibodies of recurrent spontaneous abortion women 
is analyzed by the number of previous abortions, there 
is a stepwise increase in positive antiphospholipid an- 
tibody incidence observed witk the increasing number 
of previous spontaneous abortions, but not in age- 
matched multiparous control by gravidity (same as 
the number of live-born offsprings) (Fig. 2). Anti- 
nuclear antibody incidence showed similar tendencies 
(Fig. 3). 

Alloimmune and autoimmune status of women in 
treatment and control groups. Age, gravidity, parity, 
and number of spontaneous abortions of treatment and 
nonautoimmune control groups are listed in Table I, 
and there are no differences between groups. Table II 
provides data to show there were no differences in the 
alloimmune status of women in any treatment or non- 
autoimmune control group preimmunization or post- 
immunization with lymphocytes. All demonstrated an 
adequate alloimmune response post lymphocyte im- 
munization. Table III lists the autoimmune status of 
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women in all groups. There were no Statistically sig- 
nificant differences. This equality between treatment 
groups provides assurance that the reproductive out- 
come differences were not explained by more or less 
severely affected women in any one group. 

Reproductive outcome. Pregnancy outcome in all 
treatment and nonautoimmune control groups is de- 
scribed in Table IV. The nonautoimmune control 
group that received lymphocyte immunization had a 
live-birth rate of 84.2%. This is significantly different 
when compared with the postconception treatment 
group (p<0.05) and the no-medication group 
(p < 0.00001). The preconception treatment group 
(group I) had a significantly superior reproductive out- 
come when compared with the postconception treat- 
ment group (group II) (p < 0.05) and the no-medica- 
tion group (group III) (p < 0.00001). The postconcep- 
tion treatment group (group IJ) had a better outcome 
than the no-medication group (group HI) (p < 0.05). 

Length of gestation. ‘The nonautoimmune control 
group showed significantly longer gestations than all 
other groups with autoimmune abnormalities (Table 
IV, Fig. 4). The length of gestation is increased with 
autoimmune medication and early onset of medication. 
When the length of gestation in patients who aborted 
again after all types of therapy were compared, no sig- 
nificant differences were seen (data not shown). The 
preconception treatment group infants demonstrated 
a significantly higher incidence of prematurity than 
nonautoimmune control group babies (p < 0.005). The 
postconception treatment group also showed a higher 
incidence of prematurity (p < 0.05) when compared 
with the same nonautoimmune control. In the no-med- 
ication group only two women delivered; both infants 
were premature (Table IV). 

Other clinical parameters. Birth weights of infants 
from all treatment groups were significantly lighter 
than those of the nonautoimmune control group. No 
significant differences were seen in babies oz any group 
regarding length, Apgar scores, incidence of intra- 
uterine growth retardation, and largeness for gesta- 
tional age (Table V). Complications are listed in Table 
VI; there were no pregnancy complications that ap- 
peared unique to any group. 


Comment 


Our study demonstrates that spontaneous recurrent 
pregnancy losses are associated with an increasing in- 
cidence of autoantibodies to nuclear antigens and phos-. 
pholipid antigens. The incidence is 34% in women with 
three recurrent spontaneous abortions and 50% by the 
fifth pregnancy lost, respectively. This incidence is not 
seen in control healthy multiparous women or women 
having their pregnancies electively terminated.’ There 
are several possibilities regarding initiation of the au- 
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Fig. 2. Incidence of antiphospholipid antibodies in women with recurrent spontaneous abortion 
(RSA) and multiparous control by number of previous spontaneous abortions (SAB) (women with 
recurrent spontaneous abortion) and live-born offspring (multiparous control). 


100 


E RSA 


30 Multiparous control 


60 


ANA positive (%) 





| ZZ 
3 4 >6 
Number of SAB in RSA and gravidity in multiparous control 
Fig. 3. Incidence of antinuclear antibody (ANA) in women with recurrent spontaneous abortion and 


multiparous control by number of previous spontaneous abortions (SAB, women with recurrent 
spontaneous abortion) and live-born offspring (multiparous control). 


toimmunity in patients with recurrent spontaneous ` HLA-—closely matched couples are autoantigenically 
abortions: a pregnancy that does not achieve alloim- unacceptable, that is, they have cell surface molecular 
mune protection may stimulate autoimmune response features that are known to be associated with autoim- 


in its mother upon its demise; or in some pregnancies mune disorders. In this circumstance they are lost be- 
z i ? 
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Table I. Age, gravidity, parizy, and e T of spontaneous abortions į in treatment groups and 
nonautoimmune control group 





Postconception 
Preconception therapy therapy No therapy Nonautoimmune control 
(Mean + SD) (Mean + SD} (Mean + SD) (Mean + SD) 
Age l 33.6 + 4.7 329 & 7.2 33.8 + 4.6. S2 2 54 NS 
Gravidity 4441.8 41+18 | 4.8 + 2.5 4:1 + 2.0 “NS 
Parity 0.3 + 0.8 0.3 + 0.6. 0.4 + 1.3. 0.3 + 0.7 NS 
Spontaneous abortion 3.9 + 1.6 3.6 + 1.4 4.0 +.2.0. 3.5 £ 1.6 NS 


NS, Not significant. 


} 


Table II. IgG maternal antipaternal T- and B-cell antibody levels by flow cytometry before and aner 
lymphocyte immunization 


















Nonautoimmune 
control 





Postcanception 
l therapy 






Preconception therapy No therepy 









Antibody (Mean + SD) (Mean + SD) (Mean + SD) (Mean + SD) 
Preimmunization | . 
' IgG antipaternal T cell (%) ae eae E ee 9.9 + 5.2 3.7 + 9.8 0.8 + 1.4 NS 
IgG antipaternal B cell (%) 4.9 + 6.6 G Ses 1.6 + 4.3 4347.1 NS 
Postimmunization 
IgG antipaternal T cell (%) 47.7 + 35.9 60.7 + 35.3 56.4 + 37.5 50.4 + 41.2 NS 
IgG antipaternal B cell (%) 63.5 + 29,1 60.6 + 29.7 61.3 + 33.1 59.6 + 31.8 NS 


NS, Not significant. 


Table III. IgG or IgM autoantibody profiles of women in treatment groups and nonautoimmune 
control group 


SER therapy Postconception No therapy Nonautoimmune 
Autoantibody (%) therapy (Jo) (%) control (%) — p Value* 


ACL 33.1 29.4 12.5 NS 
APE 21.4 23.5 27.8 o NS 
API 25.2 23.5 12.5 0 NS 
APA 23.8 20.6 12.5 0 NS 
APS 23.8 : 29.4 25.0 0 NS 
APG 25.2 32.4 12.5 0 NS 
ANA | 23.8 235 | 38.9 0 NS 


ACL, Anticardiolipin; APE, antiphosphatidylethanolamine; API, antiphosphatidylinositol; APA, antiphosphatidic acid; APS, 
antiphosphatidylserine; APG, anttphosphatidyl glycerol; ANA, antinuclear antibody. 
*Significance of the incidence of autoantibodies among pretreatment, posttreatment and no-treatment group. 


fore they establish alloimmune recognition. It is quite both alloimmune and autoimmune abnormalities in 
clear that the establishment of allommune recognition women with recurrent spontaneous abortion and is the 
in women with autoantibodies to nuclear and phos-- first to report this finding. The widely varied success 
pholipid antigens before their next pregnancy without rates in lymphocyte-treated women versus control 
any further autoimmune treatment is associated with women in centers using immunotherapy for recurrent 
a 90% failure rate. A molecular genetic analysis study spontaneous abortion® * must now be reevaluated on 
of liveborn children is also underway to determine the basis of these new findings. Such collaborative stud- 
whether surviving children have cell-surface features ies are now in progress, and double-blind studies are 
that cause them to be at a high risk of developing an beginning (unpublished report, Ober and Beer, 1991). 
autoimmune disorder. This study shows that paternal It is of major interest that women with serologic au- 
or donor lymphocyte immunization offered to women toimmune abnormalities who have received precon- 
with recurrent spontaneous abortion is associated with ` ception therapy had significantly better pregnancy out- 
a very high incidence of subsequent pregnancy failure. comes than those whose therapy was started with the 
if autoimmune serologic abnormalities are also present . first positive B-human chorionic gonadotropin (4 to 5 


in the mother. Our center has consistently tested for weeks of gestation at the latest) and with those who 
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Fig. 4. Reproductive outcome plotting birth weight and gestational age of recurrent spontaneous’ 
abortion women according to autoimmune therapy (Tx). 


Table IV. Reproductive outcome of treatment groups and nonautoimmune control group 





Success rate (%) 31/42 (73.8) 15/34 (44.1) 


Length of gestation 253.6 + 17.7 248.0 + 25.2 


(day) 
(mean + SD) 


Preterm (%) 20/31 (64.5) 10/15 (66.7) 


received no autoimmune therapy at all. If autoimmune 
therapy is truly associated with this difference, it sug- 
gests that immune processes operate far earlier than 
we had previously suspected, There are several possi- 
bilities. There is a large body of data surfacing that 
autoimmune responses to adhesion molecules that are 
putatively necessary for the events of implantation and 
placentation may interfere with these processes. The 
phospholipids of adhesion molecules that have been 
studied and shown to be related to placentation are 
phosphatidylethanolamine and _ phosphatidylserine. 
These phospholipids have been shown to serve as adhe- 


Preconception | Postconception Nonautoimmune 
therapy therapy No eas control 


2/18 (11.1) 


233.0 + 26.9 


2/2 (100) 


16/19 (84.2) Control vs 
Postconception therapy <0.05 
No therapy <0.00001 
Preconception therapy vs 
Postconception therapy <0.05 
No therapy <0.00001 
Postconcepticn therapy vs 
No therapy <0.05 
Control vs 
Preconception therapy <0.05 
Postconcep:ion therapy <0.01 
No therapy <0.05 
Control vs 
Preconception therapy <0.005 
Postconcep-ion therapy <0.0] 
No therapy <0.05 


268.4 + 15.6 


2/16 (12.5) 


sion molecules for smooth-muscle and fibroblast cells 
to fuse and form syncytia.** These data suggest that 
phosphatidylethanolamine and _ phosphatidylserine 
molecules may serve in the formation of syncytiotro- 
phoblast from cytotrophoblast. When the configuration 
of the adhesion molecules are changed experimentally 
by creating a hexagonal II phase (reversed vesicles with 
the ‘glue inside them) that is reported to be immuno- 
recognizable, the process of syncytia formation can be 
stopped.®* '® The high incidence of autoantibodies in 
women with recurrent spontaneous abortion and 
endometriosis” suggests that thev are causally related 
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Table V. Clinical outcomes of ee from treatment groups and nonautcimmune control groups 









Clinical 
outcome 


Birth weight 2679. 4 + 660.£ 2441.9 + 1089.6 
(gm) 

SGA (%) 7/31 (22.6) -5/15 (33.5) 
LGA (%) 3/31 (9.7) 3/15 (20.0) 
Height (cm) 46.5 + 5.2 50.7 + 3.6 
Apgar 

5 minutes 7.8 + 0.9 13 2 1.8 
10 minutes 8.8 + 0.4 8.8 + 0.5 


SGA, Small for gestational age; LGA, large for gestational age; 


2672.0 + 1052.4 3216.3 + 715.9 <0.05* 
0/2 (0.0) 1/16 (6.3) NS 
2/2 (100) 3/16 (18.8) NS 

46.1 + 5.4 49.6 + 3.5 NS 
8.0 + 0.0 8.5 + 0.5 NS 
9.0 + 0.0 9.0 + 0.0 NS 


NS, not significant. 


*Control vs preconceptional treatment group and postconceptional treatment group. 


Table VI. Pregnancy complications in treatment and nonautoimmune control group patients who 


delivered successfully 






Preconception 
therapy 
(n = 31) 






Complication 


Vaginal bleeding 
Gestational diabetes mellitus Z 
Premature rupture of mem- 3 
brane 
Preeclampsia 2 
Oligohydramnios p 
Placenta abruptio 
Osteoporosis 1 


te early placental organ failure by causing abnormal 
phase and changes. Studies are now in progress by our 
group to address this possibility. 

The superior success rates of pregnancy eeeneaces 
by women who were offered preconception treatment 
must be tempered with the observed and potential ccm- 
plications of this therapy. Although heparin does not 
cross the placenta’* and would not be expected to have 
an adverse effect on the fetus, its therapeutic appl ca- 
tion is associated with some adverse outcome in ap- 
proximately one third of pregnancies.’ In therapeutic 
doses it may induce osteoporosis.” However, the high 
rate of adverse fetal-neonatal outcome in the hepazin- 
treated. patients could be explained by the presence of 
maternal comorbid conditions.*' Recently it has bzen 
reported that the rate of prematurity, abortion, still- 
birth, neonatal death, and congenital abnormality of 
individuals who received a high-dose heparin regimen 
throughout pregnancy were ‘similar to in the normal 
population.” In this study patients received a mini-cose 
cf heparin until 34 weeks’ gestation. Three patients 
(3.9%) in the preconception treatment group had mild 
vaginal bleeding episodes during the course of hepa- 
rinization. It has been reported that 2% of the patients 
who received heparin during pregnancy had significant 
antepartum vaginal bleeding.” An incidence of hepa- 
rin-associated thrombocytopenia is reported as 10%”; 




















Postconception ' Nonautoummune 
therapy No therapy control 
(n = 15) (n = 2) (n = 16) 


l 
4 2 l 
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however, in our series no patient had thrombocyto- 
penia while on heparin. One patient with the precon- 
ception minidose heparin treatment had osteoporosis. 
We recommend bone densitometry after delivery to 
further evaluate this risk. 

Low-dose aspirin therapy is reported to be safe for 
the fetus and mother. A dose of 60 to 80 mg of aspirin 
daily during pregnancy selectively inhibits maternal 
platelet cyclooxygenase without affecting neonatal 
platelet aggregation or pulmonary circulation. Mater- 
nal platelet thromboxane B2 production in response to 
adenosine diphosphate or collagen was reduced 98% 
by the 80 mg dose after 1 week of therapy.” The su- 
perior success rate observed with preconception treat- 
ment may be partly explained by this. 

What constitutes an autoimmune abnormality in 
women with recurrent spontaneous abortion is not yet 
defined or agreed on. However, there is evidence that 
trophoblastic antigenic stimuli during pregnancy may 
induce autoantibodies, including antiphospholipid an- 
tibodies.” How often the abnormalities discussed in this 
study are seen in normally reproducing women before 
and during pregnancy is unknown and is currently un- 
der study by our group. It is becoming clear that re- 
current spontaneous abortion women with autoim- 
mune abnormalities and no symptoms of autoimmune 
disease who have entered our study early and have been 
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observed for more than 12 years have not had autoim- 
mune symptoms or diseases. Studies are in progress to 


determine whether autoimmune preconception ther- 


apy alone without any lymphocyte immunotherapy, al- 
lows more appropriate fetal-embryonic trophoblast an- 
tigen presentation in the prospective mother by the 
spontaneous development of the correct alloimmune 
recognition response that attends a normal pregnancy. 
This study applies most specifically to women who lose 
embryos repeatedly and very early after in in vitro fer- 
tilization programs and embryo transplantation. Mul- 
ticenter prospective clinical studies are needed regard- 
ing the immune consequences to the mother of recur- 
rent spontaneous abortion and its appropriate therapy. 


10. 


Lis 


12. 


13. 
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Editors’ note: This manuscript was revised after these 
discussions were presented. 


Discussion 


Dr. JAMES R. Scott, Salt Lake City, Utah. Potential 
immunologic aspec:s of recurrent spontaneous abor- 
tion is a timely topic that has been well publicized in 
both the medical and lay literature, but it remains a 
confusing and controversial area clearly in need of well- 
controlled studies. The purpose of this study was to 
determine whether treatment early in pregnancy with 
aspirin, prednisone, and heparin was beneficial in re- 
current abortion patients of presumed autoimmune 
causes. In my opinion the present study requires cau- 
tious interpretation for several reascns. 

A battery of autoimmune assays was performed on 
each patient (six antiphospholipids, IgG, IgM, IgA sub- 
classes of each, and an antinuclear antibodies), and at 
least one positive test was presumably the basis for an 
autoimmune diagnosis. However, the actual results of 
the tests are not given. If a mean +3 SD as normal, 
there is a 17% chance that at least 1 of the 19 laboratory 
tests will be abnormal but clinically insignificant i in any 
given normal individual. For example, there is a 10% 
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to 20% false-positive rate of antinuclear antibodies in 
normal pregnant women.’ To my knowledge the only 
proven autoantibodies associated with recurrent preg- 
nancy loss are lupus anticoagulant and anticardiolipin, 
and elevation of IgM and IgA values may be nonspecific 
and unrelated to reproductive problems. We have 
found that using +3 SD as the cutoff between normal 
and abnormal levels for anticardiolipin and other an- 
uphospholipid antibodies yields an unacceptably high 
number of weak positives and overdiagnosis of this con- 
dition in women who actually have successful pregnan- 
cies without treatment.? I suspect that these factors con- 
tributed to the overall 68% incidence of autoantibodies 
in this population of recurrent spontaneous abortion 
patients because this is much higher than has been re- 
ported by other groups. 

Any study of pregnancy-loss patients should clearly 
define the patient selection criteria to show that the 
groups are truly comparable. How were the patients 
randomized, and was the study blind? If not, the po- 
tential for bias is high and jeopardizes the results and 
conclusions. I was unable to determine how ovulation 
was detected, how it was decided which patients would 
be placed in each group, over what period of time the 
study occurred, what physicians participated, the total 
number of patients treated who did not conceive, how 
long treatment was continued in those women, and how 
accurate follow-up information was obtained. If hep- 
arin were started 48 hours after ovulation, this treat- 
ment for group I was not preconceptual but rather 
preimplantation. It is unclear to me exactly how the 
drug regimen was monitored in each patient, the cri- 
teria for raising the prednisone dose to as high as 40 
mg per day, and what the dose relationship was to the 
pregnancy outcome. The cosi of these diagnostic tests 
is significant, and repeating all tests every 2 weeks 
would be very expensive from a practical standpoint. 
Anticardiclipin levels are often not altered by treat- 
ment, and we have found Irttle relationship between 
live birth rates and lupus anticoagulant levels. It also 
seems doubtful that meaningful Doppler flow kinetics 
could be monitored in the first or early second trimes- 
ter, and no data are shown. 

On the basis of their results, the authors advocate 
preimplantation treatment with aspirin, prednisone, 
and heparin. However, their 73.8% success rate is no 
higher than that reported by a number of investigators 
for well-defined antiphospkolipid syndrome patients 
with recurrent pregnancy loss who began treatment 
with low-dose aspirin and either prednisone or heparin 
alone after pregnancy was ciagnosed.?* If both of the 
authors’ treatment groups are combined, the live-birth 
rate is only 62%, raising the possibility that this drug 
combination is actually less effective. According to our 
statistician, x? tests should not be used when the num- 
bers are too small, as they are in some cases. For ex- 
ample, mean values and statistical comparison of the 
length of gestation, birth weight, height, and Apgar 
scores in Tables IV and V are rather meaningless when 
there are only two patients in the group with no 
treatment. 
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The authors rightly comment on potential serious 
complications when corticosteroids and heparin are 
combined during pregnancy. We have recommended 
against this treatment in the absence of evidence that 
it is better than prednisone or heparin alone, and we 
know of several patients treated with both drugs who 
developed severe osteopenia and vertebral or hip frac- 
tures. Therefore I believe that the effectiveness and 
safety of this regimen must be clearly shown before it 
is widely adopted. Finally, because this study as exper- 
imental, was it approved by the Institutional Review 
Board, and did the patients pay for these tests and 
treatments? 

Dr. Beer and his colleagues have been major con- 
tributors to innovative research in reproductive im- 
munology over the past decades. I enjoyed reading the 
paper and encourage them to continue their investi- 
gation of recurrent pregnancy loss. 


REFERENCES 


1. Harger JH, Rabm BS, Marchese SG. The prognostic value 
of antinuclear antibodies in women with recurrent preg- 
nancy losses: a prospective controlled study. Obstet Gynecol 

—-1989;73:419-24. 

2. Branch DW. Antiphospholipid syndrome: laboratory con- 
cerns, fetal loss, and pregnancy management. Semin Peri- 
natol 1991;15:230-7. 

3. Pattison NS, Lubbe WF. Treatment of anti-phospholipid 
antibody mediated fetal loss: the case for corticosteroid 
therapy. In: Harris EN, Exner T, Hughes GRV, Asherson 
R, eds. Phospholipid-binding antibodies. Boca Raton: CRC 
Press, 1991:323-34. 

4, Cowchock FS. Alternative approaches to treatment of 
women with antiphospholipid antibodies and fetal loss. In: 
Harris EN, Exner T, Hughes GRV, Asherson R, eds. Phos- 
pholipid-binding antibodies. Boca Raton: CRC Press, 
1991:348-54. 


Dr. JOHN G. GIANOPOULOS, Maywood, Illinois. I 
would like to thank the Association for the privilege of 
discussing this most interesting and timely article. It is 
estimated that 20% to 30% of all recognized pregnan- 
cies end in spontaneous abortion. Patients experiencing 
23 repetitive losses with no live-born children account 
for 1% of all pregnancies. These unfortunate preg- 
nancy outcomes may have a number of causes. Ana- 
tomic malformations, hormonal deficiencies, infectious 
pathogens, parental genetic abnormality, and immu- 
nologic causes have all been implicated in this patho- 
logic reproductive entity, Recently there has been much 
research directed at immunologic causes for repetitive 
pregnancy loss, particularly the phospholipid antibody 
syndrome. Dr. Kwak et al. have focused their work on 
those patients suffering immunologic reproductive 
failure. 

All patients entered into their analysis were screened 
for all the known causes for recurrent abortion, and 
only those patients with immunologic abnormalities 
were included in this study. Patients in this study were 
all determined to have alloimmune abnormality with 
low levels of paternal blocking antibody. They were all 
treated with leukocyte immunization. The experimen- 
tal group consisted of 94 patients with autoantibodies 
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Table I. Postpregnancy therapy 


Investigator (yr) 


Liveborn/total pregnancies 
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Mode of therapy 


Lubbe and Liggins (1984) 7/8 Steroid, ASA, and heparin 
Farquhansen et al. (1984) 2/2 Steroid and ASA 
Gleicher and Friberg (1985) 5/8 Steroid 
Branch et al. (1985) 5/8 Steroid and ASA 
Rosove et al. (1990) 14/15 Heparin alone 
Carlson et al. (1991) . 43/5] Steroid and ASA 
TOTAL 76/92 83% 


Kwak et al. (1991) 


15/34 44.1% 





ASA, Acetylsalicylic acid. 


to phospholipid. Patients were assigned to prepreg- 
nancy therapy, postconception therapy, and no-therapy 
groups. All groups were similar in their demographics, 
with similar reproductive characteristics. Patients re- 
celving prepregnancy therapy with prednisone, aspirin, 
and heparin demonstrated a significantly better out- 
come of live-born neonates than the other groups, 73% 
versus 44% and 11%, respectively. 

This study raises a number of interesting questions. 
Is there an advantage to successful outcome in pre- 
treating patients with thrombotic and immune therapy 
rather than initiating therapy at the onset of a recog- 
nized pregnancy? On review of the existing literature, 
all with postpregnancy initiation of therapy, there ap- 
pears to be no advantage to prepregnancy therapy be- 
cause the successful outcome equals 80%, which is not 
significantly different from Dr. Kwak’s pretreatment 
group. In fact, the current study’s postpregnancy treat- 
ment group demonstrates a significantly different out- 
come than would be expected from previously pub- 
lished reports (Table I). The previously reported series 
were not controlled for allotrmmune causes. Could this 
explain the differences in outcomes? Each patient in 
Dr. Kwak’s analysis, however, was treated for alloim- 
mune deficiency and demonstrated normal blocking 
antibody. This leads me to assume that allommmune 
incompetence cannot explain this obvious difference. 

Itis known that steroids may lead to adverse reactions 
related to the length of exposure; if it is assumed there 
is no benefit from pretreatment, this strategy may un- 
necessarily expose patients to potentially dangerous 
therapy for longer than is needed. The authors report 
no adverse reactions to therapy. However, in analyzing 
their data, I note that complications of gestational di- 
abetes and pregnancy-induced hypertension (both ste- 
roid-related complications) were higher in the pretreat- 
ment group 4 (12.9%) of 31 versus 1 (6.7%) of 15 in 
the postpregnancy treatment group. Could the longer 
exposure to steroids have led to this observation? The 
authors do not report the average time interval from 
the initiation of therapy to the onset of pregnancy in 
the prepregnancy therapy group. 

Patients with recurrent abortion caused by antiphos- 
pholipid antibodies undergoing therapy have been re- 
ported to show a 50% to 60% incidence of prematurity 
complications. The data in this study also demonstrate 


this observation, with a 64% prematurity rate in the 
treated groups. It is important to keep this in mind 
when caring for these patients and to take precautions 
in management for the potential o7 preterm labor. 

I pose the following questions to the authors: 

l. The groups included in the analysis are of un- 
equal size. How were patients assigned to therapeutic 
groups? Were patients randomly assigned, or were clin- 
ical factors used in assignment to experimental groups? 


` Could this have affected outcome? 


2. What factors, if any, could explain Dr. Kwak’s ob- 
servation of a poorer outcome in the postpregnancy 
therapy group when compared with previously pub- 
lished reports? 

3. What was the average interval from the onset of 
therapy in the prepregnancy treatment group to the 
onset of pregnancy? Do the authors feel that this in- 
terval explain the sughtly higher incidence of steroid- 
related complications in the prepregnancy treatment 
group? 

4. Do the authors believe that the antithrombotic 
effect of salicylate and heparin has a critical effect and 
that prepregnancy steroid therapy may not be needed? 

Future research will be needed tc answer the ques- 
tion as to whether pretreatment with aspirin or heparin 
alone improves outcome. 
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Dr. MICHAEL R. CAUDLE, Knoxville. Tennessee. Why 
do the authors continue to do HLA typing to diagnose 
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alloimmune failure when it does not clearly identify a 
population that has pregnancy loss? 

Dr. Kwak (Closing). This preconceptional treatment 
study for women with recurrent spontaneous abortion 
vas initiated because preconception therapy in autoim- 
mune infertile women who became recurrent sponta- 
neous abortion patients through in vitro fertilization or 
gamete intrafallopian transfer were having a better re- 
productive outcome than the classical recurrent spon- 
taneous abortion patients who heretofore had therapy 
initiated at the onset of a positive B-human chorionic 
gonadotropin. This is not a double-blind study. Se- 
quential patients were allocated into the three different 
subgroups after a comprehensive physician-patient 
consultation to ensure that patients in the various 
subgroups were comparable regarding age, gravidity, 
and laboratory abnormalities. 

8-human chorionic gonadotropin testing was used to 
determine the onset of pregnancy and the onset of 
posiconception therapy. This was done from day 25 
through day 30. Women were instructed to begin ther- 
apy at the time of a positive B-human chorionic go- 
nadotropin. 

Ninety-four of 111 patients in this study established 
their pregnancies within 6 months. The remaining 17 
did not establish a pregnancy during the study period. 
The age, gravidity, and alloimmune and autoimmune 
parameters'in these women were not significantly dif- 
ferent from those who established pregnancies. 

Doppler ultrasonographic evaluation was done on all 
women sequentially during pregnancy. These findings 
are the subject of a separate report. 

The enzyme-linked immunosorbent assay is used to 
detect antiphospholipid antibodies. Sixty healthy, non- 
pregnant women were used as controls. Nonspecific 
background bindings were subtracted. The value at 
mean +3 SD corresponds in optical density to the mod- 
erate positivity reported by Harris using control sera 
provided by him. Because patients are screened every 
2 weeks and sera from prior testing is repeated with 
subsequent testing, we have reduced our interassay co- 
efficients of variability to a ‘ow level, which provides 
assurance that the 3 SD value is reliable and real. 

In a review of the literature regarding osteoporosis 
and heparin therapy, 119 patients are available for anal- 
ysis. No case of heparin-induced osteoporosis was 
found when the dosage was =10,000 U per day. Six of 
10 women receiving a therapeutic heparin dosage had 
osteoporosis. All of our patients received 10,000 U of 
heparin daily. We report one case of mild osteoporosis 
that resolved postpartum. This patient experienced a 
25% density loss. She is now pregnant a second time. 
We advocate bone densitometry assay for women re- 
ceiving both heparin and prednisone, not minidose 
heparin alone. 
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Previous reports regarding human leukocyte antigen 
sharing between recurrent spontaneous abortion cou- 
ples are still controversial. Maternal antipaternal anti- 
body before and after lymphocyte immunization cor- 
relates with the number of HLA antigens shared, spe- 
cifically at HLA-DR and HLA-DQ. The greater the 
numbers shared, the lower the postimmunization re- 
sponses and the greater number of pregnancy losses 
after immunization. In couples with excessive DR/DQ 
antigen sharing we found the reproductive outcome to 
be poor when compared with couples who do not share 
these antigens. In addition, when donor immunization 
was indicated, tissue typing was done for selection of 
the most appropriate donor. 

Lack of alloimmune recognition before and after pa- 
ternal or donor lymphocyte immunization is defined 
by a flow cytometer crossmatch developed by us. This 
crossmatch is very sensitive and can document a ma- 
ternal antipaternal anti~T- and —B-cell response very 
early in pregnancy. The crossmatch by microcytotox- 
icity will be positive in only 50% of these pregnant 
women and is a test not sufficiently sensitive to be useful 
clinically. In a study by Kiprov,’ 72 women with suc- 
cessful pregnancies were compared with 14] women 
with recurrent abortions and with 72 heterosexual 
males whose cell and sera were paired in this assay. 
Pregnant women had crossmatch values six times 
greater than women with recurrent spontaneous abor- 
tion or the male controls. 

J am glad to have received so many interesting and 
challenging questions. This topic is a clinical one of 
continuing controversy. Fortunately, newly developed 
immunologic assays allow a critical analysis of alloim- 
mune and autoimmune responses during pregnancy. 
It is becoming clear that a fetus must signal the ma- 
ternal immune system to deal with it in a manner unlike 
that involved in an infectious response. It also is be- 
coming clear that fetuses who do not stimulate an al- 
loimmune response in their mothers are subject to the 
elicitation and expression of subtle autoimmune re- 
sponses that mzy be detrimental to placental develop- 
ment. Certainly double-blind multicenter trials are now 
necessary in the further dissection of the problem of 


recurrent spontaneous abortion. 
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The Green Bay cesarean section study 


Ii. The physician factor as a determinant of cesarean birth rates for 


failed labor 


Robert K. DeMott, MD, and Herbert F. Sandmire, MD 


Green Bay, Wisconsin 


OBJECTIVE: Our study was designed to develop a profile of specific labor management characteristics 
generally used by physicians with low versus those with high rates of cesarean sections in the care of 


nonprogressive labor in nulliparous patients. 


STUDY DESIGN: A 4-year retrospective data set was used to analyze all patients with nonprogressive 
labor cared for by 11 board-certified obstetricians and gynecologists practicing full-time at wo Green Bay 
hospitals. Variations in labor management are analyzed and tested for their effect on the rate of cesarean 


section for failure of labor to progress. 


RESULTS: Cesarean section in nulliparous women for nonprogressive labor varied from 4 3% of all 
deliveries in the low group to 12.3% in the high group. Through multivariate analysis we developed a 
profile of specific labor management characteristics used by physicians with low versus these with high 


rates of cesarean section. 


CONCLUSION: These techniques can be used to definitively identify management strategies that result in 
a decrease in cesarean rates for nonprogressive labor. (Am J OgsTET GYNECOL 1992;166:1799-1810.) 


Key words: Cesarean section, nonprogressive labor 


The United States cesarean section rate has received 
increasing attention and concern after its rise from 3% 
in the early 1970s to 15% in the late 1970s and ap- 
proximately 25% in 1988. The current rate is viewed 
as a national disgrace by some’ and as about right by 
others,’ demonstrating the divergence of opinion re- 
garding the optimal cesarean rate. Increasing concern 
with a 15% cesarean rate led to the convening of a 
consensus development conference in 1980. The major 
conclusion of the conference members was that the rise 
of the cesarean rate to 15% was a matter of concern 
and that the goal of clinical obstetricians everywhere 
should be to contain this trend while maintaining good 
maternal and perinatal outcome.” The ensuing further 
increase demonstrates the difficulty encountered in 
translating research findings, guidelines, and recom- 
mendations into clinical practice. 

We have been concerned about cesarean rates asso- 
ciated with “modern” perinatal care. In our previous 
Green Bay cesarean section study* individual physician 
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cesarean rates ranged from 5.6% to 19.7%. Cesarean 
rates for physician groups ranged from 9.8% to 18% 
with proportional differences for the four major in- 
dicators for cesarean section: repeat cesarean, failure 
of labor to progress, breech presentation, and fetal dis- 
tress. The variances in cesarean rates among individual 
and groups of physicians were not attributable to pa- 
tient obstetric risk factors, socioeconomic status, service 
status, or duration of the physician’s practice. Higher 
cesarean rates did not result in better newborn out- 
come. Individual physician practice style was the only 
apparent determinant of cesarean rates. It was con- 
cluded that the current cesarean rates could be sub- 
stantially reduced without sacrificing fetal and newborn 
safety. 

Presently we are attempting to identify those specific 
variations in practice style for each of the major indi- 
cators for cesarean section that result in variable ce- 
sarean rates in similar patient populations. This report 
analyzes those variations in the management of non- 
progressive labor (dystocia). 

Repeat cesarean section is the most common indi- 
cation for all cesarean deliveries in the United States. 
Nonprogressive labor is the most common indication 
for cesarean section in nulliparous women. It is ap- 
parent that many physicians do not encourage women 
who have experienced nonprogressive labor initially to 
attempt a vaginal birch in subsequent pregnancies. 
Thus this self-perpetuating cycle, beginning with ce- 
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Table I. Biclogic and socioeconomic patient 
characteristics that may influence cesarean 
rates and newborn outcomes 





Biologic 
1. Gestational age 
2. Maternal height 
3. Maternal weight and weight gain 
4. Birth weight 
5. Head circumference 
Socioeconomic 
6. Insurance status 
7. Maternal smoking 
8. Race 
9. Lamaze training 


sarean section for failure to progress (dystocia) in the 
nulliparous labor, should be averted, where possible, 
to reduce the rates of cesarean section. 


Material and methods 


For this study all cesarean deliveries performed for 
nulliparous, term, and vertex presentation pregnancies 
were analyzed when the primary indication for cesar- 
ean section was listed by the obstetrician as either “fail- 
ure to progress” or “cephalopelvic disproportion”; our 
3-year review of all cesarean deliveries from 1986 to 
1988 was used as the data base.* We added a fourth 
year of data, 1989, collected in the same fashion. Also 
included in this 4-year analysis are all women labor- 
ing for the first time after one or more previous ce- 
sarean sections. The study included all such cesarean 
sections performed by 11 board-certified obstetricians 
and gynecologists practicing exclusively and full-time 
at two Green Bay hospitals. 

A second study group included the same detailed 
analysis of all operative vaginal deliveries (forceps or 
vacuum extractions) for similar patients done by the 
same physicians when the second stage of labor was 
prolonged for >2 hours or the physician listed the in- 
dication as “failure to progress.” 

Randomized controls consisted of spontaneous vag- 
inal deliveries from the 4-year analysis (nulliparous, 
term, and vertex presentations). For each cesarean de- 
livery the next spontaneous vaginal delivery was chosen 
as a control. 

From the 9480 deliveries occurring during the 4-year 
data collection period, we identified 766 deliveries 
meeting those criteria and divided them into the fol- 
lowing groups: group 1, cesarean deliveries for non- 
progressive labor, n = 212; group 2, forceps or vacuum 

deliveries for nonprogressive labor, n = 143; group 3, 
spontaneous vaginal deliveries (control), n = 411. 

Each study group was analyzed for patient charac- 

teristics that influence cesarean delivery rates to ascer- 


June 1992 
Am J] Obstet Gynecol 


tain distribution among the 11 physicians (Table I). An 
estimation was made for each physician of the per- 
centage of his or her practice that consisted of nullip- 
arous, term, vertex pregnancies based on the profile 
provided by the randomized control vaginal deliveries 
and the known values in their entire cesarean section 
population. Thus we could calculate for each physician 
arate of cesarean section for failed labor in nulliparous, 
term, vertex, singleton pregr.ancies (Table II). 

The physicians were placed into low, medium, and 
high groups based on their rate of cesarean delivery 
for failure to progress (Table II). Also listed are com- 
parable rates of operative vaginal deliveries. For com- 
parison, Table IlI lists the overall cesarean rate and the 
number of repeat cesarean deliveries for each physi- 
cian. The possible variations in labor management by 
the groups of physicians, which are analyzed in detail, 
are listed in Table IV. 

These maternal and neonatal outcomes were ana- 
lyzed: 1- and 5-minute Apgar scores, need for resus- 
citation, neonatal intensive care unit admissions, need 
for ventilatory support, morbidity, mortality, and 
length of stay. 

We analyzed the data by the use of “Proc freq” and 
“Proc GLM” in the Statistical Analysis Systems. Rele- 
vant continuous variables were subjected to two-way 
analysis of variance to examine interaction between 
physician groups and mode of delivery. Where the data 
were frequencies, two-way tables of frequencies were 
analyzed by x”. The Wilcoxon test of significance was 
used for nonparametric data. Separate analyses were 
performed for cesarean sections (group 1), forceps and 
vacuum extractions (group 2), and spontaneous vaginal 
deliveries (group 3). 


Results 


Overall cesarean rates of individual physicians varied 
from a low of 5.0% to a high of 19.5% (Table III) with 
a range of 9.4% to 16.4% >y groups of physicians. Ce- 
sarean section for failure to progress varied from 2.7% 
of all primary deliveries to 16.0% for individual phy- 
siclans with a range of 4.3% to 12.3% by groups of 
physicians (Table II). Socioeconomic characteristics 
(Table V) did not vary between physician groups or 
mode of delivery. The one exception, with no apparent 
explanation, involved a greater percentage of Lamaze- 
trained patients in the group requiring forceps- or vac- 
uum-assisted vaginal deliveries. 

Maternal and fetal biologic characteristics (Table VI) 
did not differ between physician groups. Of greatest 
importance, ihe average newborn birth weights and 
head circumferences were the same among physician 
groups. As expected, all biologic characteristics varied 
significantly between modes of delivery. Cesarean de- 
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Table II. Primary deliveries: Singleton, vertex presentation, term gestation 









Cesarean 
sections for 
nonprogressive 






No. of 
deliveries 










Group | Physician No. 











Group mean 


Forceps or 

vacuum 
extractions for 
nonprogressive 
















Total operative rate 
for nonprogressive 
labor Group mean 


(%) 








Low l 292 8 2.7 4,3 (47/1096) 19 6.5 9.2 
2 196 9 4.6 13 6.6 112 9.9 
3 204 10 4.9 7 3.4 8.3 
4 _404 20 5.0 22 5.4 10.4 
1096 47 
Medium 5 212 14 6.6 7.8 (85/1093) 16 7.5 14.] 
6 211 16 7.6 13 6.2 13.8 13.5 
7 385 30 7.8 19 4.9 127 
8 285 25 8.8 i4 4.9 13.7 
1093 85 
High 9 191 18 9.4 12.3 (80/652) 28 14.6 24.0 
10 199 20 10.0 19 9.5 19.5 19.8 
11 262 42 16.0 2 0.8 16.8 
652 80 


Table ITI. Overall cesarean rate and use of repeat cesarean section by groups of physicians (all 
singleton fetuses) 





_ Low I 617 
2 808 - 
3 953 76 
4 1189 144 
3567 335 
Medium 5 661 88 
6 578 88 
7 1347 224 
8 821 160 
3407 560 
High 9 625 86 
10 893 106 
1 _988 185 
2506 377 


liveries included larger newborns with larger head cir- 
cumferences born to shorter and heavier women at 
greater gestational ages. 

Epidural use is very uncommon in Green Bay. Only 
five laboring patients received intrapartum epidural 
anesthetics, and three of them had failure to progress 
and underwent cesarean delivery. 

Significant differences were noted between physician 
groups in the peak dose of oxytocin use (Fig. 1) and 
the cervical dilatation at which both oxytocin was ini- 
tiated and the cesarean section was ultimately per- 
formed (Table VII). In a significantly greater percent- 
age of patients in the low group complete dilatation 
was achieved before cesarean delivery, and physicians 
in the low group allowed significantly longer second- 


Group mean 
rate (%) 

9.4 
29 98 
23 8.0 
50 12.1 

33 13.3 16.4 
26 15.2 
103 16.6 
52 19.5 

23 13.8 15.0 
25 11.9 
71 18.7 


stage labors (although this contribution was primarily 
in patients who were ultimately delivered by forceps or 
vacuum). Physicians in the low group gave oxytocin 
augmentation to a significantly greater percentage of 
their spontaneous labor patients before they resorted 
to cesarean section for nonprogressive labor (82% vs 
58% for the combined medium and high groups, 
p < 0.01). Cephalopelvic disproportion or suspected 
macrosomia were commonly cited by high and medium 
cesarean rate physicians when oxytocin augmentation 
was omitted in their management of nonprogressive 
labor. In the low group only 6 of 34 spontaneously 
laboring patients did not receive oxvtocin before un- 
dergoing cesarean delivery. Also noted was a tendency 
(0.05 < p < 0.10) for physicians in the low group to 
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Table IV. Variables studied in 
- labor management . 





1. Time distributions of: 
a. Cesarean delivery 
Morning (6 AM to noon) 
Afternoon (noon to 6 PM) 
Evening (6 PM to midnight) 
Night (midnight to 6 AM) 
b. Admission 
c. Rupture of membranes 
. Induction of labor by artificial rupture of membranes 
. Oxytocin 
a. Cervical dilatation at time of augmentation 
b. Maximum dose 
c. Duration of use 
. Use of epidural anesthesia . 
. Frequency of indicated forceps or vacuum delivery 
. Cervical dilatation at time of cesarean section 
. Duration of first stage of labor at time of cesarean 
section 
8. Duraticn of second stage of labor at time of forceps 
or vacuum delivery - 
9. Duration of second stage of labor at time of cesarean 
- delivery 


G9 NO 


mI > Ot aA 





administer oxytocin for longer periods of time and to 
allow a greater duration of membrane rupture before 
delivery (Table VII). 

_ There were no significant differences between phy- 
sician groups in the percentage of patients with labor 
induced, the length of first-stage labor, or the time of 
day cesarean delivery was performed.. 

For neonatal and maternal outcomes, logistic regres- 
sion demonstrated no differences in Apgar scores 
(Table VIII), length of stay, neonatal intensive care unit 
admission, respiratory support, or significant morbidity 
between physician groups. There were no neonatal or 
maternal deaths in this study population. Maternal 
morbidity was quite rare with no differences between 
physician groups. All six cases of endometritis occurred 
in patients with cesarean section. 


Comment 

O'Driscoll etal., at the Dublin Maternity Hospital, 
demonstrated that active management of labor enables 
them to safely minimize the need for cesarean section 
. for the diagnosis of dystocia. Turner et al.® reported 
' similar results, with a cesarean rate of 5.6% among 
nulliparous patients given an oxytocin regimen of 6 to 
40 mU/min, with increases at 15-minute intervals. 
Fraser et al.’ found a substantial increase in cesarean 
births during convenient. evening hours; however, 
when corrections were made for the unexpected tem- 
poral variations in the proportion of patients in pro- 
‘longed labor, the disproportion was minimal, account- 
ing for only 15% of the cesareans for dystocia. Neuhoff 
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et al.,? DeRegt et al. and Taylor, as well as others, 
has demonstrated that privare patients in university 
teaching hospitals are subjected to cesarean section 
more readily for failure to progress in labor than are 
“¢linic” patients. Gould et al. noted a 76% higher ce- 
sarean rate when considering patients with high versus 
low family incomes. Substantially higher cesarean 
rates have been reported with the use of epidural 
anesthesia.” . 

Many authors ive observed the lack of consistency 
between researck findings and clinical practice. Lomas 
et al. answered their question, “Do practice guidelines 
guide practice?” in the negative. Commenting on the 
poor relationship between practice behavior and pub- 
lished literature, Greer demonstrated that the need 
for change must come at the local level rather than 
externally. Similarly, Stafford" believes that “.. . for- 
mal programs aimed at modifying practices within in- 
dividual hospitals appear to ke the most successful...” 
for controlling rising cesarean rates. Porreco,'® also em- 
phasizing the local level, recommended the following 
for each- hospital: an individual physician designated 
as the cesarean section monitor, coalitions to manage 
labor, and tort reform measures of proved effectiveness 
similar to those enacted in California. | 

All of these liken the high cesarean rate to Mark 
‘Twain’s comment on the weather: “Everybody talks- 
about it, but nobody does anything about it.” Actually, 
the rising concern has galvanized some individuals and 
groups into action, which is currently in the planning 
stages with no results to date. Examples include a joint 
New York task force” consisting of members of the New 
York State Heaith Department, the American College 
of Obstetricians and Gynecologists, and the Hospital 
Association of New York State. Similarly, the Maryland 
Hospital Association has embarked on a research proj- 

ct: “Evaluating the appropriateness of care: a study of 
cesarean section rates.”"® . i 
_ To reduce the cesarean rate in nonprogressive labor, 
we must identify those management techniques that are 
effective in achieving that goal. Our data support the 
notion that physicians may achieve lower rates of ce- 
sarean section for failure to’ progress (4.3% vs 12.3%) 
by giving augmentation to more patients in sponta- 
neous labor and giving higher doses of oxytocin for 
longer periods of time but waiting until the truly active 
phase of labor (later cervical dilatation) before initiating 
oxytocin or resorting to cesarean section. High and 
medium cesarean rate physicians were reluctant to give 
augmentation to some patients because of perceived 
cephalopelvic disproportion or macrosomia, in spite of 
the inability to diagnose cephalopelvic disproportion 
without 2 an adequate trial of labor’? 2 and the known 
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Table V. Socioeconomic characteristics by population means, groups of physicians, and mode of delivery 







Insurance status 


Private (%) | Public assistance (%) 


Patient population 90 10 
(mean) 
Physician group 
Low 88 12 23 0.9 89 
Medium 89 1] 20 0.6 89 
High 93 eC 20 0.5 . 91. 
Mode of delivery | $ 
Cesarean section © 9l 9 20 0.5 89 
Assisted vaginal 94 7 16 1.5 98t 
Spontaneous vaginal 88 12 24 0.5 l 87 
* = 0.10. 
tp < 0.05. 


Table VI. Biologic characteristics by population mean, groups by physicians, and mode of delivery* 





















Maternal 
height 
(inches) 







Infant head 
circumference 


(cm) 












Maternal weight’ 
gain (lb) 


Maternal weight 
(lb) 


Gestational age | Infant weight 


(gm) 











Patient population (mean) ! 40 3653 176 33 65 35 
“Physician group . 
Low (n = 211) 40 3688 177 34 _ 65 35 
Medium (n = 335) l 40 3672 179 33 65 35 
High (n = 220) 40 3612 173 327 . 65 35 
Mode of delivery l 
Cesarean section (n = 212) 40.37 3837+ 1877 357 644 364 
Assisted vaginal (n = 143) 39,7 3649 171 « 2 o 65 35 
Spontaneous vaginal {n = 411) ch Bes 3487 171 32 "65 35 
*Least-squares mean values. 
tp < 0.05. 
Physician 
Group 
bow Tt 
Augmented 
: Medium T o  *#*#** 90 0 0 
Labors | ; 
High} * f 
Low a ee ee 
Induced : . 
Medium a D N 
Labors 


High S E S SŘ 
0 12 > 24 36 48 60 
Fig. i: Distribution of peak oxytocin doses (milliunits per minute). Asterisk, Possible outliers; 0, 


probable outliers. Outliers are included in calculation of mean values and standard deviations. 
‘ 7 $ 
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Table VII. Management differences between groups of physicians 




















Beginning Patients Length of labor Stage 2 length 
cervical Stage 2 length | for assisted 
Physician Peak dose | Duration | dilatation for cesarean vaginal 
















Augmentation Induction | Stage 1 | Stage 2 
(%) (%) (hr) (hr) 


group (mU/min) (cm) 
Low 18.3 315 5:3 
Medium 12.0 243 4.0 D 
High 11.9 275 4.7 31 
Significancet p= 0.001 p= 0.06 p=0.0l p= 0.04 





NS, Not significant. 












‘sections (hr) | deliveries (hr) 


11.6 2.34 22 3.0 
5 9.9 2.25 3.4 2.5 
2] 11:5 2.28 3.2 2.8 
NS NS p= 0.001 NS p = 0.06 


*Oxytocin use and length of labor and euranon of membrane rupture for all patients in the study (NV = 766). 


tWilcoxon test of significance. 


Table VIII. Apgar scores at 1 and 5 minutes by physician groups and mode of delivery tN = 766) 









Mode of delivery 





Cesarean 
4-6 21 19 
7-10 = 67 76 
Assisted vaginal 0-3 10 0 
4-6 21 18 
7-10 68 82 
Spontaneous 0-3 3 3 
i 4-6 8 12 
7-10 89 86 
Total for all modes 0-3 5 (10) 3 (9) 
of delivery} 4-6 13 (27) 13 (44) 
7-10 82 (169) 84 (279) 


_ NS, Not significant. . 
*Values in parentheses are numbers. 


inaccuracy of fetal weight”! estimations, whether by ul- 
trasonography or clinical palpation. This reluctance 
may have been fostered by the ACOG Technical Bulletin 
on “Induction and augmentation of labor”? in force 
during most of the period of this study, to wit: “After 
cephalopelvic T and macrosomia have 
been ruled out....” Perhaps the time has come to 
abandon the term ‘cophllonelvic disproportion as it re- 
lates to nonprogressive labor. Certainly the extensive 
experience with vaginal birth after cesarean section” 
demonstrates the futility of thinking that we can iden- 
tify that entity. Our findings agree with a recent state- 
ment made by Porreco’* that in many cases failure to 
progress means failure to wait. There is ample sug- 
gestion from our data that the lower cesarean rate phy- 
sicians are more patient in their management of slowly 
progressing, nulliparous patients. These management 
techniques, which’ reduce the rieed for cesarean deliv- 
ery, can be utilized in similar patient populations with 
equal newborn outcomes. 











Low Medtum 










physician | physician High 
group ` group physician Statistical 
(%) (%) group (%) significance 





6 0 0 0 NS 
18 4 l 0 

76 96 99 100 

6 0 0 0 NS 
21 6 4 3 

73 94 96 - 97 

9 0 0 0 NS 
10 3 I 0 

87 97 99 100 

4 (8) 0 (0) 0 (0) 0 (0) NS 
14 (30) 9 (5) 1 (4) 1 (1) 

83 (180) 99 (323) 99 (212) 


97 (200) 


Given the analysis of our data leading to these con- 
clusions, we ask ourselves: Gan it be that simple? Do 
“modern” oxytccin dose regimens generate “modern” 
cesarean delivery rates? Preliminary to our analysis of 
historic information regarding cesarean rates for oxy- 
tocin, we make a presumption that the pelvic capacity 
of women in the United States has not decreased and _ 
that newborn size has not significantly increased during 
the last 20 years. Meanwhile, cesarean rates for dystocia 
have increased fourfold to eightfold during that time 
period. The review of historic information suggests the 
correctness of our conclusion, which is as follows: To 
reduce the need for cesarean section in nulliparous 
patients, administer more oxytocin to more patients for 
longer time periods. 

What factors have caused the decrease in dose, du- 
ration, and frequency of use of oxytocin during the 
time period of escalating cesarean rates for nonpro- 
gressive labor? Haverkamp et al.™ found an increase 
in cesarean rates for dystocia with the use of intrapar- 
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Patients achieving 
complete cervical 
dilatation but 
delivered by 
cesarean section (%) 


Mean cervical 
dilatation at 
cesarean 

seciton (cm) 


Duration from 
membrane rupture to 
delivery* (min) 





43 7.8 445 
2] 6.6 339 
28 6.9 329 

p = 0.05 p = 0.02 p = 0.07 


tum electronic fetal monitoring as compared with those 
in patients undergoing auscultation. Seitchik and Rao” 
noted that “... the increased use of cesarean sections 
for the treatment of dystocia in the past decade was 
associated with the use of electronic monitoring of uter- 
ine activity.” They further noted that therapeutic goals 
for oxytocin-augmented uterine activity have been rec- 
ommended but have no experimental basis. Eighteen 
percent of their patients in normal spontaneous labor, 
who experienced spontaneous vaginal delivery, aver- 
aged more than 250 Montevideo units (MU). In con- 
trast, the currently used definition of adequate labor 
by the American College of Obstetricians and 
Gynecologists” includes labor patterns generating as 
little as 200 MU. In the search for reasons behind the 
escalating cesarean rates for dystocia, Seitchik and 
Rao” asked, “Is it possible that the premonitor clinician 
at the bedside, who used palpation for evaluation, 
achieved greater uterine activity with oxytocin in those 
patients than we are now obtaining with the electronic 
monitor as our guide?” 

In more recent reports Seitchik et al.*° advocated the 
low-dose schedule mainly on the basis of their obser- 
vations regarding the oxytocin treatment of functional 
dystocia and the time required for individual doses to 
cause a steady state in the plasma. In their study pop- 
ulation they noted a maximum mean dose of oxytocin 
of 6.9 + 5.9 and 4.1 + 3.8 mU (mean + 1 SD) for ce- 
sarean and vaginal delivery patients, respectively; they 
concluded that failure to achieve vaginal birth was due 
to disabilities of the patient and not differences in the 
application of management principles. We disagree, be- 
lieving that patients experiencing functional dystocia 
differ in the amount of uterine activity required to 
achieve vaginal birth just as do women who are in spon- 
taneous normal labor. Therefore the effective oxytocin 
doses required by some patients with dysfunctional la- 
bor are expected to be much higher than those used 
in the study of Seitchik et al. We see no evidence that 
higher doses would not have resulted in the need for 
fewer cesarean sections. The reports of O’Driscoll et 
al.,°> the historic relationship between oxytocin doses 
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and cesarean rates, and the data in this report all sup- 
port that contention. A randomized, controlled trial 
comparing low- and high-dose oxytocin schedules with 
successful vaginal delivery as the end point is needed 
to provide proof cf this contention. The low cesarean 
rate physician group used a much higher maximum 
mean dose of oxytocin than the high cesarean rate phy- 
sician group (18.3 vs 11.9 mU). Neonatal outcomes 
were no different. The doses used by the low cesarean 
rate physicians are more than double those of Seitchik 
et al.*° (6.9 and 4.1 mU for cesarean and vaginal births, 
respectively, in their oxytocin-treated patients with 
functional dystocia). 

A further reason for the use of an insufficient dosage 
of oxytocin has been the perception of increased risk 
to the fetus associated with its use. We believe that the 
risks to the fetus of traditional oxytocin dose regimens 
have been exaggerated and perpetuated without a sci- 
entific basis, in spite of its safety regarding both new- 
born and long-term morbidity. One of the concerns 
emanates from the belief that traditional or high-dose 
oxytocin may cause excessive uterine activity resulting 
in decreased uteroplacental blood flow and fetal hyp- 
oxia. Reassuringly, Thorp et al.” demonstrated similar 
umbilical cord blood gas values from those newborns 
whose mothers received high-dose oxytocin augmen- 
tation and those wko received no oxytocin. Addition- 
ally, oxytocin has often been cited as a cause for “brain 
damage” particularly in litigation cases, in spite of the 
work of Nelson and Ellenberg” demonstrating no ov- 
errepresentation of cerebral palsy in association with 
oxytocin use in labor (0.3%). These collaborative peri- 
natal project data come from deliveries occurring be- 
tween 1959 and 1966 when the traditional high doses 
of oxytocin were in vogue. The low-dose schedule cur- 
rently recommended by The American College of Ob- 
stetricians and Gynecologists” and the Physicians‘ Desk 
Reference is an additional deterrent to the use of ap- 
propriate oxytocin doses, particularly in view of legal 
risks. 

Do “modern” (lowi oxytocin dose regimens generate 
“modern” (high) ceszrean delivery rates? Probably. We 
conclude that a cesarean rate reduction program for 
patients with dystocia will be successful if it includes 
more oxytocin for more patients for longer periods of 
time and if physicians wait until more advanced cervical 
dilatation is achieved before administration of oxytocin. 
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Editors’ note: This manuscript was revised after these 
discussions were written. 


Discussion 


Dr. DWIGHT P. CRumsHANK, Milwaukee, Wisconsin. 
Drs. DeMott and Sandmire have presented data that 
suggest that a significant reduction in the primary ce- 
sarean rate can be accomplished by the “three mores” — 
more oxytocin to more patients for more hours. They 
confirm the clinical impression that many of us have, 
that the recent trend regarding oxytocin usage is one 
of the obvious causes of the increased cesarean rate. 
They rightly point out that medicolegal concerns prob- 
ably inhibit oxytocin use, particularly in view of the low- 
dose schedule currently recommended by the Physi- 
cians’ Desk Reference. Therefore let us examine what the 
PDR says about oxytocin and why. 

In the section regarding Syntocinon oxytocin injec- 
tion USP (Sandoz) the 1991 PDR (pp. 1969-70) states, 
“The initial dose should be no more than 1-2 
mU/minute. The dose may be gradually increased in 
increments of no more than 1-2 mU/minute until a 
contraction pattern has been established which is sim- 
ilar to normal! labor.” No references are given for these 
statements. The section describing Pitocin oxytocin in- 
jection USP (Parke-Davis) in the 1991 PDR (pp. 1687- 
9) is even more restrictive, stating “The initial dose 
should be 0.5-1.0 mU/minute. At 30-60 minute inter- 
vals the dose should be gradually increased in incre- 
ments of 1-2 mU/minute until the desired contraction 
pattern has been established. Rates exceeding 9-10 
mU/minute are rarely required at term.” Five refer- 
ences are given for these statements, including three 
articles by Dr. Joseph Seitchik and colleagues and the 
1987 ACOG Technical Bulletin No. 110. That bulletin 
lists four references regarcing oxytocin, including the 
three by Seitchik. It appears that the work of Seitchik 
et al. provides the scientific basis for the current low- 
dose oxytocin protocols, we should examine their find- 
ings in some detail. 

Between 1932 and 1984, Seitchik et al. published 
four articles in the AMERICAN JOURNAL OF OBSTETRICS 
AND GYNECOLOGY entitled. “Oxytocin augmentation of 
dysfunctional labor (Parts 1, II, IHI, and [V).”'* In these 
studies they reported that dysfunctional labor in nul- 
liparous women could be effectively treated with initial 
doses of oxytocin of 1.0 mU/min, increased by 1.0 
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mU/min at =30-minute intervals to a dose of 4.0 
mU/min, and then increased by 1.0 mU/min every 
hour at doses above 4.0 mU/min. They found that 
doses higher than 6 to 7 mU/min were rarely necessary. 
They also demonstrated, using this low-dose protocol, 
that approximately 40 minutes was required for any 
given dose of oxytocin to reach steady-state plasma 
levels and a maximal uterine contractile response and 
that oxytocin infusion rates of 6 mU/min produced 
plasma oxytocin levels comparable to those found in 
normal laboring women. 

I believe there are three major problems with these 
data, the most important of which is patient selection. 
All patients were nulliparous and at term and were 
eventually delivered vaginally. Patients who eventually 
were delivered by cesarean section for dystocia were 
not studied, but the articles imply that they too received 
low-dose oxytocin. The problem is that those patients 
may very well represent a subset of women who require 
much more oxytocin to achieve uterine activity. Simi- 
larly, although 6 mU/min produced plasma oxytocin 
levels comparable to those found in normal laboring 
women, patients with dystocia are by definition not nor- 
mal laboring women. Whether because of qualitative 
or quantitative differences in oxytocin receptors or for 
other biologic differences, these patients may need 
more oxytocin. Finally, although low doses of oxytocin 
may take 40 minutes to achieve steady-state plasma 
levels, it is likely that higher doses would do so much 
more quickly. Whereas this was not studied with regard 
to oxytocin, it is certainly true of magnesium sulfate 
and several antibiotics. 

There is a growing body of data, from both Europe 
and North America, that high-dose oxytocin as prac- 
ticed in the active management of labor protocol? (ini- 
tial dose 6.0 mU/min, increased by 6.0 mU/min every 
15 minutes to a maximum of 40 mU/min) can result 
in very low rates of cesarean delivery for dystocia, be- 
cause, as O'Driscoll et al. said, “The problem of dystocia 
has been virtually solved ....”° Thorp et al.° have dem- 
onstrated the safety of such an approach for the fetus 
and neonate. 

In fairness to The American College of Obstetricians 
and Gynecologists, there is a new ACOG Technical Bul- 
letin regarding induction and augmentation of labor 
(No. 157, July 1991). This bulletin contains the mod- 
erate-dose oxytocin regimen of Hauth et al.’ (inital 
dose | to 2 mU/min, increased by 1 mU/min every 15 
minutes), as well as the low-dose protocol of Seitchik 
et al. and the PDR, and even acknowledges the high- 
dose active management approach of O’Driscoll et al., 
while stating that clinical experience with the latter in 
the United States is limited. 

There are several other problems with what the PDR 
says about oxytocin, namely, that it “... should not be 
administered in the face of prematurity, borderline 
cephalopelvic disproportion, previous cesarean section, 
over-distension of the uterus and grand multiparity,” 
among others. I believe there are no reliable data to 
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support any of these, and in fact there are data to the 
contrary for some. I propose that the American College 
of Obstetricians and Gynecologists convene a consensus 
conference of investigators, clinicians, and pharmaceu- 
tical company representatives to rewrite the PDR and 
package insert information for oxytocin to develop 
more reasonable guidelines for its use, so that physi- 
cians will not feei medicolegal risk for using oxytocin 
in a rational manner. 

I have only two criticisms of DeMott and Sandmire’s 
article. First, their three physician groups (low, me- 
dium, and high cesarean rates) are artificial. In their 
low group the cesarean rates for dystocia vary from 
2.7% to 5.0%, a spread of 2.3%. In their medium group 
(range 6.6% to 8.8%) the spread is 2.2%. In the high 
group, however (range 9.4% to 16.0%), the spread is 
6.6%. I suggest that there really are two groups and 
one outlier. Physicians I to 4 are one group with ce- 
sarean rates from 2.7% to 5.0%. Physicians 5 to 10 are 
another group with rates of 6.6% to 10.0%. Then there 
is physician 11, with a cesarean rate for dystocia of 16%. 
This physician also had an 0.8% forceps rate, compared 
with a mean of the rest of the group of 7% (range 3.4% 
to 14.6%). I suspect that rearranging their groups in 
this way would not alter the resulis, except to make 
them more striking. 

My other criticism regards the term failed labor in 
their title. In this litigious age we should not refer to 
“failed” anything— whether forceps or external version 
or labor. Elsewhere in their article they use the term 
nonprogressive labor. 1 would prefer that we stop using 
these terms, as well as the ubiquitous “failure to prog- 
ress,” and return to the tried-and-true term dystocia. I 
tell medical students that dystocia is the Latin term for 
the syndrome of WCO—Won’t Come Out. However, 
now we see that mast will “come out,” if we use more 
oxytocin in more patents for more hours. 


REFERENCES 


1. Seitchik J, Castillo M. Oxytocin augmentation of dysfunc- 
tional labor. I. Clinical data. AM J OBSTET GYNECOL 
1982; 144:899. 

2. Seitchik J, Castillo M. Oxytocin augmentation of dysfunc- 
tional labor. II. Uterine activiy data. AM ] OBSTET GYNECOL 
1983;145:526. 

3. Seitchik J, Castillo M. Oxytocin augmentation of dysfunc- 
tional labor. IJI. Multiparous patients. AM J OBSTET GY- 
NECOL 1983;145:777. 

4. Seitchik J, Amico J}. Robinson AG, Castillo M. Oxyto- 
cin augmentation of dysfunctional lapor. IV. Oxytocin 
pharmacokinetics. AM J OBSTET GYNECOL 1984;150: 
225: 

5. O'Driscoll K, Foley M, MacDonald D. Active management 
of labor as an alternative to cesarean section for dystocia. 
Obstet Gynecol 1984;63:485. 

6. Thorp JA, Boylan PC, Parisi VM, Heslin EP. Effects of 
high-dose oxytocin augmentation on umbilical cord blood 
gas values in primigravid women. AM J OBSTET Ha NEGI 
1988; 159:670. 

7. Hauth JC, Hankins GDV, Gilstrap LC, et al. tine con- 
traction pressures with oxytocin induction/ ee a 
Obstet Gynecol 1986;68:305. on 


`~ 


1808 DeMott and Sandmire 


Dr. RICHARD P. PERKINS, Omaha, Nebraska. Drs. 
DeMott and Sandmire have submitted their extended 
analysis of operative delivery in Green Bay. After sub- 
dividing their practitioners by operative rates, they set 
about to find differences in practice patterns that would 
explain these differences in patients not greatly differ- 
ent from each other. In an examination of the data 
presented, the impression gained by the reader is that 
the differences discussed are not especially striking, 
although they appear to satisfy the statistician. 

The authors suggest that higher doses of oxytocin 
given to more patients for longer times will reduce the 
cesarean section rate. We would suggest that this may 
be true, but objective analysis of each case is required 
z0 determine if, with management by the more ag- 
gressive plan, another outcome would be expected. The 
authors suspected, but did not confirm, that the group 
with higher rates used lower doses of oxytocin. This 
was shown for induced labors, but augmentation dose 
means for the high-rate group fell intermediately be- 
tween those of the low and medium groups. The same 
can be said for the high group for cervical starting 
points, frequency of augmentation, first-stage and sec- 
ond-stage lengths, percent of cesarean patients with 
complete dilatation, and mean cervical dilatation before 
cesarean section. 

J am not certain that the conclusions are pure without 
eliminating those babies born by cesarean section who 
were significantly above the mean in weight and size 
and then seeing if the difference remained. This should 
be required if the effect of augmentation is said to be 
paramount. I am also not certain that the numbers here 
are great enough to demonstrate the true significance 
of the differences if they exist. 

It is in the best traditions of medicine for each local 
hospital and group of cooperative physicians to analyze 
medical practice and modify patterns accordingly. It 
requires agreement on the reasons for the task and a 
healthy view toward the goals being those of improved 
care and outcomes. I applaud this effort by these au- 
thors. 

I submit that if each physician were required to fill 
out a questionnaire before performing cesarean section 
for failure to progress and if these questionnaires were 
analyzed periodically, a better insight would be 
achieved and fewer cesarean sections would be done. 
We are looking at this ourselves. Pertinent questions to 
be answered would be the following: 

l. Has the cervix ever changed? 

2. Are contractions adequate? Monitored objec- 
tively? Frequent and strong? 

Is the cervix at least 4 cm dilated? 

Is there molding of the presenting part? 

Is the presenting part in the pelvis? 

Is the bladder empty? 

. Has progress been arrested for at least 2 hours? 

Failure to progress is indeed the commonest indi- 
cation for primary cesarean section, but failure of 
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whom or what to progress is the issue in doubt. Is it 
the patient or the provider? 

Fetal monitors kave given us the ability, if not the 
inclination, to be more patient with slow labor progress. 
With the declining expertise with midpelvic forceps and 
the increasing use of epidural analgesia, expected in- 
creases in cesarean section have been observed and may 
well persist in spite of the benevolent redefinition of 
midforceps recently proposed. The Green Bay study 
also reminds us that it is far easier to describe behavior 
than to determine motivation. 

There are subtle pressures also. It is not so much fun 
to await delivery any more because it used to represent 
a great relief to the patient and the beginning of life. 
It is now a great relief to the provider and the ending 
of a slow “death,” worrying about the possibility of an 
unexpectedly bad outcome that is unrelated to anything 
he did but at risk of being attributed to him. 

What we are all looking for in any plan is a set of 
guidelines that meet the following qualifications: (1) 
‘They seem reasonable; (2) they are acceptable to most 
patients and providers; (3) they are achievable in the 
patient’s circumstances; (4) those who propose them 
will effectively back us up should we get sued for using 
them. 

The latter represents the greatest crisis of confidence 
in medicine today, and its lack, more than any other 
phenomenon, makes reasonable people do unreason- 
able things sometimes. In time of war, battles are rarely 
tought by those who plan them. The court seems to 
function as little more than a graduate level vocational 
retreat for ex-members of high school debating teams. 

In Hawati and other places there is a little lizard 
called a gecko, which, under attack, will shed its tail in 
the hope of fooling or satisfying the enemy while the 
rest of the creature beats a hasty retreat. The tail, cu- 
riously, continues to wriggle enticingly for a time until 
the creature is safely away. My concern is that in this 
case the tails o7 the gecko are current intervention ra- 
tionales, which have been left behind in an era of in- 
tense litigative pressure and which are still twitching. 
Soon, however, we will have forgotten how these and 
so many other defensive stratagems spawned during 
this age of judicial theatrics came to be, and the “stan- 
dard of care” will at length have been established mind- 
lessly even after the disturbed rationale has been for- 
gotten. This leaves us with the empty feeling that 
American obstetrics, while ostensibly in pursuit of a 
body of knowledge, may achieve nothing more signif- 
icant than chasing part of a tail. 

Finally, the authors consistently capitalized cesarean, 
as if it were named after someone. As we know, the 
word comes from the Latin word meaning “to cut.” We 
come to bury the cesarean section, not to praise it. Per- 
haps we need another term—the “unnecesarean sec- 
tion rate.” 

Dr. CHARLES W. SCHAUBERGER, La Crosse, Wiscon- 
sin. Someone suggested that Friedman’s curve is a use- 
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ful tool for the management of labor. Others suggest 
it is used too frequently to justify performing a cesarean 
section too early. How frequently is Friedman’s curve 
used at your hospital and are there differences within 
the three study groups? 

Dr. RICHARD A. HARTMAN, St. Louis, Missouri. We 
have an institution in St. Louis, Barnes Hospital, at 
which one physician amassed about 4000 deliveries 
during which the patients received epidural analgesia, 
and the question I’m going to ask is about epidurals. 
‘That physician has been able to show that if an epidural 
anesthetic is given at a cervical dilatation of <3 cesarean 
section rates of >35% result. If the epidural anesthetic 
is given between 3 and 5 cm of cervical dilatation, the 
cesarean rate 1s somewhere between 11% and 35%. If 
dilatation is >5 cm, the cesarean section rate is about 
11%. 

We have institutions in St. Louis where the cesarean 
section rate ranges from 10% to 35%, not just for phy- 
sicians but for the institutions. There are a lot of people 
who feel that the epidural analgesic altered the cesarean 
section rate. Ten years ago 15% of women received 
epidural anesthetic. Now almost 90% do so. I just won- 
der what effect this would have on the data. 

Dr. JAMES R. Scott, Salt Lake City, Utah. I just 
wanted to raise the issue of what are adequate con- 
tractions and how they were defined in this study. Was 
there a difference in how physicians actually decided 
to use oxytocin when there was failure to progress? 

Dr. ELLIOT M. Levine, Chicago, Illinois. I’m won- 
dering if the authors mentioned the fear of a lawsuit 
as perhaps being a stimulant for cesarean delivery. I’m 
wondering if, in fact, the authors did look into the 
litigation history of the obstetricians mentioned in this 
study. 

Dr. WILLIAM E. Houck, St. Louis, Missouri. I just 
have a follow-up comment On several other statements 
about invasive contraction monitoring. Was there any 
difference between the use of this in the high-risk ver- 
sus the low-risk groups? 

And one other issue—you mentioned the timing of 
delivery. Was there an increased incidence of deliveries 
about 5 PM? 

Dr. JAMES D. FUNNELL, Oklahoma City, Oklahoma. 
I would like to raise a different set of issues that has 
to deal with those of us involved in a training program. 
In training programs throughout the United States 
there is great variation in the use of oxytocics and the 
teaching of forceps deliveries. While these vary from 
institution to institution, they must be factored in when 
studies such as this are reviewed. 

Dr. JOHN W. CALKINS, Kansas City, Kansas. As a kind 
of correlate to Dr. Funnell’s statement, I found inter- 
esting the differences in the number of operative vag- 
inal deliveries among the different obstetricians. I won- 
dered if the authors looked at the number of years in 
practice (or the experience of the physicians) to see if 
that correlated with this specific factor because clearly 
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our residents don’t get the experience that residents 
did 10 years ago in forceps deliveries. 

Dr. SANDMIRE (Closing). Dr. Perkins mentioned that, 
concerning some of these practice patterns that we mea- 
sured, there really wasn’t much difZerence between the 
high and medium cesarean rate physician groups. I 
agree with that but would point out the substantial dif- 
ferences in comparing the low group to the high group 
or the combined high and medium groups. We still 
believe that the results and conclusions are valid but 
also agree with Dr. Cruikshank’s suggestion that there 
should be only two physician groups and one outlier. 

Dr. Cruikshank expanded on our concerns relative 
to inadequate oxytocin doses and spurious contrain- 
dications to its use. Appropriate usage of oxytocin de- 
pends on proper patient selection, as well as adequate 
dose levels. The patient with false labor or the patient 
with an unripe cervix who has insufficient indications 
for labor induction should not receive oxytocin. On the 
other hand, virtually all patients with vertex presen- 
tations who are experiencing nonprogressive labor 
should receive adequate doses of oxytocin before the 
physician resorts to cesarean section.’ We agree com- 
pletely with Dr. Crutkshank’s recommendation for a 
consensus conference to develop more reasonable 
guidelines for its use. Our concerns have previously 
been forwarded to The American Co:lege of Obstetri- 
cians and Gynecologists. 

We agree with Dr. Perkins that defensive medicine 
decision making, which we all practice to various de- 
grees, is not a satisfactory response for a scientific dis- 
cipline. In addition, 1t usually is not effective. As Dr. 
Mortimer Rosen has said, “If you have a bad outcome, 
you're going to be sued. If you have a good outcome, 
you're not going to be sued. So if you have a bad out- 
come, you're going to get sued anyway. You might as 
well have the satisfaction of practicing good medicine.” 
Furthermore, even by practicing defensive medicine, 
you're not going to avoid the lawsuit. This emanates 
from the creativity of the experts who will be able to 
testify that some management decision you made was 
questionable. This will be presented to the insurance 
company and the insurance company will settle the case 
if the demand is low enough. In Wisconsin we have 
“frequent flyers” from both coasts whe come in and 
testify against Wisconsin obstetricians, and they have a 
level of creativity that is very high. I hate to paint a 
bleak picture, but I think Dr. Rosen is right. We have 
to guard against the decisions that are based on defen- 
sive medicine. 

Dr. Schauberger asked about the Friedman curve. 
We didn’t test that. That’s something that the individual 
nurse decides. It’s done in most but not all cases. 

We generally agree with Dr. Perkins’ list of questions 
to ask ourselves before performing a cesarean section 
for failure to progress. Perhaps to expand slightly on 
his assessment of the contractions, we offer our defi- 
nition of adequate contractions not as how hard the 
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uterus feels, how frequent the contractions are com:ng, 
how long they last, or what the bottom line on the 
monitor strip demonstrates. We define adequate con- 
tractions as those that produce progressive dilatation 
and/or descent; and if they ar2 not doing that, we do 
not have adequate contractions. Admittedly, with the 
presently available interventions, we are unable to 
achieve adequate contractions in some patients. 

Regarding epidural anesthetic—I think that to give 
a patient something that will mterfere with her ability 
to push and maybe the contraction strength is the last 
' thing that I want to do. We don’t use epidural anes- 
thetics in Green Bay. I think that there are many stud- 
ies, although not randomized, that show that epidural 
anesthesia increases the cesarean rate. 

I answered Dr. Scott on what is the definition of an 
adequate contraction. Dr. Levine asked about the liti- 
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gation histories of the 11 obstetricians. As I said 2 years 
ago, regarding these 1] obstetricians, they all know 
about the Green Bay lawsuits because some of their 
partners have been sued, and for the young ones who 
haven’t, I tell them, “Be patient.” So they all have equal - 
knowledge of the liability risks. 
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OBJECTIVE: Before parturition are there useful and valid predictors of successful or unsuccessful vaginal 
birth after previous cesarean birth that could be used to enhance the obstetric care of a patient and her 


pregnancy? 


STUDY DESIGN: The clinical course and outcome of all patients who attempted vaginal birth after 
cesarean delivery at one level IIl center during 1989 were evaluated to identify factors prognostic of a 
successful or unsuccessful patient group: use of this information in stepwise logistic regression and cluster 


analysis was disappointing. 


RESULTS: No single criterion or optimal clusters of factors were found and no equation achieved >75% 


predictability of outcome with acceptable sensitivity and specificity. 


CONCLUSIONS: Before parturition prediction of outcome of vaginal birth after cesarean delivery is 
tenuous regardless of past obstetric history or recent clinical parameters. Thus it seems appropriate to 
encourage a trial of labor in almost all patients with a prior low-segment uterine incision (transverse or 
vertical) unless there is a strong physician or patient-derived contraindication to such an undertaking. (AM 


J OBsTET GYNECOL 1992;166:181 1-9.) 


Key words: Vaginal birth after cesarean delivery 


Since the early 1970s in the United States there has 
been a trend away from the practice of elective repeat 
cesarean delivery toward trial of labor in selected 
patients who have undergone abdominal delivery." ? 
Abundant obstetric literature has substantiated the 
safety and efficacy of this evolution in obstetric 


care.’ The trend has been aided significantly by the ` 


American College of Obstetricians and Gynecologists, 
which in published guidelines clearly support and en- 
courage the concept of vaginal birth after cesarean de- 
livery.’ 

In spite of knowledge regarding the safety and suc- 
cess rate of vaginal birth after cesarean delivery, a 
method to reliably predict a successful or unsuccessful 
attempt before the onset of labor would further en- 
hance clinical care. The present investigation was un- 
dertaken to determine if there is an association between 
specific obstetric variables or combinations of these 
variables and a successful or unsuccessful trial of labor 
on an individual basis. 


From the Departments of Obstetrics and Gynecology’ and Preventive 
Medicine (Biostatistics),’ University of Mississippi Medical Center. 
Supported in part by the Vicksburg Hospital Medical Foundation. 
Presented at the Fifty-ninth Annual Meeting of the Central Associ- 
ation of Obstetricians and Gynecologists, Colorado Springs, Colorado, 
-October 10-12, 1991. 

Reprint requests: James N. Martin, Jr., MD, Department of Obstetrics 
and Gynecology, University of Mississippi Medical Center, 2500 N. 
State St., Jackson, MS 39216-4505. 

6/6/37128 


” Material and methods 


A computer-directed search of the medical records 
of obstetric patients who delivered at the University of 
Mississippi Medical Center during the calendar year 
1989 was undertaken to identify all women with a pre- 
vious cesarean delivery who underwent a trial of labor 
in a subsequent pregnancy. The records of 312 patients 
were identified for analysis. Twenty-four charts could 
not be obtained. Thus 93% of all possible patients were 
available for study, and these subjects were divided into 
women who experienced a vaginal birth (successful) 
and those who had an abdominal delivery after a trial 
of labor (unsuccessful). Nineteen specific obstetric vari- 
ables or factors (Table I) for each patient were obtained 
from the clinical courses and outcomes of both suc- 
cessful and unsuccessful attempts at vaginal birth after 
cesarean delivery. 

Cervical assessment (favorability) was performed by 
recording cervical dilatation, effacement, and station 
and using this information for a modified Bishop score 
with a maximum score of 6. The terms recurrent and 
nonrecurrent indications for previous cesarean deliv- 
ery are defined as follows: recurrent—failure to prog- 
ress, cephalopelvic disproportion; nonrecurrent— fetal 
distress, twins, breech, severe preeclampsia, herpes, or 
prolapsed umbilical cord. 

Appropriate univariate analyses were conducted with 
t tests or x” analysis. Stepwise logistic regression with 
probablity of entering the model equal to 0.05 was used 
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Table I. Factors considered in study of vaginal 
birth after cesarean delivery study 
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Table II, Cumulative frequency distribution 
of p values derived from either two equations 
with associated predictive values 











Cesarean Cesarean 


Variable No. 
Race 309 
Age 309 
Height 254 
Weight 299 
Gravidity 312 
Parity 312 
Cervical dilatation in centimeters 3097 
Effacement 299* 
Station 3017 
Modified Bishop score 309% 
No. of previous cesarean sections She 
No. of previous vaginal deliveries 3127 
Indication for previous cesarean section 3127 
Estimated gestational age 309% 
Spontaneous rupture of membranes 312 
Placental grade by sonogram 85 
Fluid status by sonogram 97 
Spontaneous uterine activity 31%* 
Estimated fetal weight by sonogram poz 


All 19 factors investigated for relationship and prediction 
validity to successful vaginal birth after cesarean delivery are 
listed with those identifed by asterisks if significance (p < 
0.05) was observed. 


*Significant at p = 0.05 level. 


Table II. Logistic regression summary 


p = 0.050 6.7 0.0 9.7 1.0 
p=0.100 113 0.0 18.8 1.0 
p=0.150 20.8 0.0 30.4 3.0 
p= 0.200 24.5 0.0 45.4 10.1 
p= 0.250 24.5 2.1 55.6 14.1 
= 0.300 28.3 4.2 69.6 29.3 
b=0.350 34.0 10.4 72.9 42.4 
p=0.400 49.1 16.7 76.8 48.5 
p=0.450 56.6 29.2 82.1 56.6 
p=0.500 66.0 39.6 87.9 61.6 
p=0.550 717 56.2 92.3 66.7 
p=0.600 £68 60.4 96.1 74.7 
p=0.650 90.6 66.7 97.1 77.8 
p= 0.700 96.2 79.2 98.6 81.8 
p= 0.750 96.2 85.4 98.6 89.9 
p= 0.800 981 91.7 99.0 92.9 
p= 0.850 100.0 97.9 100.0 97.0 
p=0.900 100.0 100.0 100.0 98.0 
p= 0.950 100.0 100.0 100.0 99.0 
p= 1.000 100.0 100.0 100.0 100.0 
Results 






Constant — 4,4183 ~ 8.6165 
Estimated fetal weight 0.0010 
by sonogram 
No. of previous cesar- 0.7719 0.8326 
ean sections 
Cervical dilatation in ~ 0.4303 
— centimeters 
Estimated gestational 0.2160 
age 
No. of patients 101 306 
Sensitivity (%) 60.4 38.4 
Specificity (%) 66.0 87.9 
Correct (%) 63.4 71.9 


Coefficients 









Two different equations with stepwise logistic regression 
procedure produced different outcomes. 


to determine if the number of these variables could be 
reduced and combined to explain the probability of 
vaginal birth, p, given by an equation of the form 


p= l/(4 + exp™) 


where x is a regression equation involving the selected 
variable and their coefficients. Cluster analysis was per- 
formed to detect natural groupings of the independent 
variables regardless of the dependent variable. The Sta- 
tistical Analysis System ‘Statistical Analysis Systems, 
Inc., Cary, N.C.) was used for all analyses. A significant 
difference was defined as a p value of =0.0F. 


Among the 421] pregnant patients delivered of live- 
born infants at the University of Mississippi Medical 
Center during 1989, there were 495 women (11.7%) 
who had prior abdominal delivery. A trial of labor with 
attempted vaginal delivery was undertaken in 336 pa- 
tients (67.9%). There were 24 with indeterminant out- 
comes due to lost charts (7.1%), 212 (63.1%) successful 
outcomes, and 100 (29.8%) who required repeat ab- 
dominal delivery. 

Table I lists zhe 19 factors that were studied and the 
number of deliveries for which data in each case was 
available for analysis. Ten factors individually were sig- 
nificantly related to birth outcome (p < 0.05). Vaginal 
birth occurred more often than required repeat cesar- 
ean delivery in the presence of spontaneous labor, a 
favorable cervical vaginal examination at the time of 
hospital admission, . lower ultrasonographically esti- 
mated fetal weight (with biparietal diameter and ab- 
dominal circumference) and gestational age, and pre- 
vious vaginal delivery with fewer prior cesarean births, 
as well as when prior abdominal delivery was associated 
with nonrecurrent indications (Fig. 1). 

Combinations of two or more factors for prediction 
of outcome was undertaken. Two very different out- 
comes were found with the stepwise logistic regression 
procedure. The reason for this difference is that the 
estimated fetal weight by ultrasonography was mea- 
sured in only 101 of the subjects, and logistic regression 
permits subject inclusion only when data for all depen- 
dent and independent variables are present for the 


Volume 166 
Number 6, Part 1 


VBAC SUCCESS:GESTATIONAL AGE 


309 PATIENTS 
op SUCCESSFUL VAGINAL DELIVERY 
80 
é 


40 


20 





0 
(3 $3-34 M36 37-38 39-49 41-42 


PATIENT GROUP BY GESTATIONAL AGE (WEEKS) 


VBAC SUCCESS:BISHOP SCORE 


309 PATIENTS 
jop SUCCESSFUL VAGINAL DELIVERY 





SCORE Si SCORE 2-3 


SCORE 4-5 SCORE é 


PATIENT GROUPS 


VBAC SUCCESS:PREV C/S INDIC 
312 PATIENTS 


% SUCCESSFUL VAGINAL DELIVERY 
80 





88 


40 


20 





NONRECURRING INDIC 


RECURRING INDIC 


PATIENT GROUPS 


Prediction of success or failure of vaginal birth after cesarean 1813 


VBAC SUCCESS:EFW BY ULTRASOUND 
101 PATIENTS 


i % SUCCESSFUL VAGINAL DELIVERY 


100 
86 
$6 
40 


20 






(2000 2000) 2500) 2780} 3900) 3250) 3500) 3750) )4000 


PATIENT GROUPS BY EFW (GMS) 


VBAC SUCCESS:NO.PREVIOUS C/S 
312 PATIENTS 


5 % SUCCESSFUL VAGINAL DELIVERY 


60 
40 


20 


i Frey C/S 2 Peer C/S 


PATIENT GROUPS 


3 Pror C73. 


VBAC SUCCESS:TYPE OF LABOR 
312 PATIENTS 


ab % SUCCESSFUL VAGINAL DELIVERY 


85 
45 





INDUCTION OF LABOR 


PATIENT GROUPS 


SPONTANEOUS LABOR 


Fig. 1. Six of 10 factors significantly related to birth outcome and vaginal birth after cesarean delivery 


(VBAC) are depicted graphically in this display. 


computation of estimates, These two equations are 
summarized in Table II. 

In the first equation which includes the estimated 
fetal weight, it is apparent that the sensitivity (the prob- 
ability of correctly predicting a cesarean birth, 
p > 0.500) is 60.4% and the specificity (the probability 
of correctly predicting a vaginal birth, p < 0.500) is 
66.0% and that the overall rate of outcome prediction 
is 63.4%. In the second equation estimated fetal weight 
was dropped from the list of independent variables. 
Thus data from 306 of the study subjects were used to 
compute an estimate that produced an equation that 
has a lower sensitivity (38.4%), a higher specificity 


(87.9%), and a better rate of overall prediction (71.9%) 
than the first equation. 

Further comparison of the two equations can be ex- 
pressed by the respective values of R®, which is the 
proportion of log likelihood explained by the equation. 
For equations | and 2 these are 0.1018 and 0.1552, 
respectively, indicating that equation 2 is slightly better 
than equation 1. However, neither of these figures in- 
dicates a clearly superior fitting equation. 

Cumulative frequency distributions of the p value 
given in Table III provide a final possible meaningful 
use of these equations. For equation 1, p = 0.300 would 
predict correctly 28.3% of the vaginal births and in- 
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correctly 4.2% of the cesarear births, and p = 0.700 
would correctly predict 20.8% of the cesarean births 
and incorrectly predict 3.8% of the vaginal births. This 
leaves a majority, 67.9% of the vaginal births and 75% 
of the cesarean births, that give similar values of p for 
the two very different outcomes. Similar cutoff values 
of 0.150 and 0.700 for equation 2 leave 68.2% of the 
vaginal births and 78.8% of the cesarean births giving 
similar values of p. These gray areas are indicative of 
the general lack-of-fit of both statistical models. 

The lack of good separation in our equations for 
outcome prediction is confirmed by the results of clus- 
ter analysis. On the basis of the patterns of the pseudo 
F statistic and the cubic clustering criterion, it is con- 
cluded that no optimal clusters of clinical criteria (Table 
I) were found. : 


Comment 


Women with a previous atdominal delivery who at- 
tempt a subsequent vaginal delivery have a high chance 
of success regardless of clinical parameters. Overall suc- 
cess rates at various institutions in the United States 
range between 50% and 80%.*** At the University of 
Mississippi Medical Center, the successful rate of vag- 
inal birth after cesarean delivery in 1989 was approx- 
imately 63%, almost identical to the 62% rate reported 
in a collaborative project from this institution and the 
University of Alabama undertaken in 1981.” 

A strong relationship between single or clusters of 
specific obstetric variables and subsequent mode of de- 
livery (vaginal or abdominal) in patients with previous 
cesarean operations was not observed in this investi- 
gation. In contrast, Silver end Gibbs" found that pre- 
vious vaginal delivery, a nonrecurrent indication for 
prior cesarean delivery, and any cervical dilatation dur- 
ing the first 2 hours of labor augmentation to be sig- 
nificant global predictors of successful trial of la- 
bor/vaginal birth after cesarean delivery in a prospec- 
tive analysis of 98 patients with one previous abdominal 
delivery. 

Whiteside et al., in a retrospective review of 194 
patients, observed that several specific obstetric vari- 
ables were associated with successful vaginal birth after 
cesarean delivery. These included a nonrecurrent in- 
dication for previous cesarean birth, a previous vaginal 
delivery, a duration of labor <24 hours before primary 
cesarean section, a fetal birth weight <4000 gm, and 
cervical dilatation >4 cm at the time of admission for 
trial of labor. In these studies'’ ° each variable was 
examined independently and cluster analysis was not 
undertaken. l 

Recently, Rosen and Dickinson? reported a meta- 
analysis of 29 studies of vaginal birth after cesarean 
delivery that investigated the association between suc- 
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cessful trial of laber and various individual preexisting 
conditions. With cata from 8770 patients these inves- 
tigators concluded that a trial of labor, regardless of 
preexisting obstetric variables, is associated with a 
>50% chance of successful vaginal birth after cesarean 
delivery. Compativle with the present findings, no clus- 
ter analysis from this large body of patients would be 
expected to render predictive accuracies for success or 
failure on an individual basis that would approach a 
clinically useful 80% to 100% range. 

The use of a fetal-pelvic index has been investigated 
to evaluate its efficacy for the prediction of failure of 
vaginal birth after cesarean delivery." Using the con- 
cept of the fetal-pelvic index to compare the fetal head 
and abdominal circumferences by ultrasonographic 
mensuration with the respective maternal pelvic inlet 
and midpelvic circumferences by radiogaphic pelvi- 
metry, Thurnau et al.” studied 65 patients admitted 
for trial of labor on vaginal birth after cesarean delivery. 
All 13 patients with a positive fetal-pelvic index value 
failed to progress in labor and a cesarean delivery was 
required (positive predictability 1.00). In contrast, 47 
of the 52 patients with a negative fetal-pelvic index 
value delivered vaginally (negative predictability 0.90). 
Of the five with false-negative fetal-pelvic index values, 
four fetuses persisted in an occipitoposterior presen- 
tation and failed to progress in labor. The investigators 
observed that neither pelvimetry nor ultrasonography 
alone provided accurate identification of fetal-pelvic 
disproportion. Although somewhat cumbersome and 
demanding of special skills, it is possible that use of this 
clinical approach late in gestation or early in labor 
might avert long unsuccessful labor trials in those preg- 
nant women destined to fail attempted vaginal birth 
after cesarean delivery. 

The pilot szudy to our present investigation exam- 
ined the resu:ts from a sample group of only 100 pa- 
tients (50 patients who had successful and 50 patients 
who had failed vaginal birth after cesarean delivery) 
from the larger patient population reported in this 
study. Strong associations between pairs of specific ob- 
stetric variables and outcome (successful or failed vag- 
inal birth after cesarean delivery) were found. The 
strongest pairing of variables were associated with a 
>70% successful vaginal birth after cesarean delivery 
rate or with a <30% successful rate. Patients especially 
prone to a failed trial of labor were those with a ges- 
tational age >40 weeks, a recurrent indication for prior 
cesarean delivery, an unripe cervix, and initiation of 
labor by induction (or any paired combination of these 
variables). 

Expansion of the pilot study population to include 
all patients who attempted a trial of labor during 1989. 
at University of Mississippi Medical Center was under- 
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taken to further validate or refute these initial findings. 
Additionally, it was thought that subsetting of several 
variables made possible with a larger study group might 
show even stronger associations with successful or 
failed vaginal birth after cesarean delivery that would 
be of clinical value. Unfortunately, the reverse situation 
occurred. 

Regardless of the analytic equation (1 or 2) used, the 
optima] subset of variables (Table I1) produced overall 
prediction rates of only 63% and 71%, respectively. In 
our patient population and obstetric practice the suc- 
cess rate of vaginal birth after cesarean delivery is 63%, 
whereas in the nation at large the success ranges be- 
tween 50% and 80%. Thus all the statistical methods 
used in this investigation for individual patients and 
that of meta-analysis for groups of patients do not pro- 
vide better methods of prediction than the general 
overall expected rate of success in our population. Thus 
there appears at present to be no specific variables or 
combinations of historic or clinical variables that would 
allow the clinician to accurately identify and predict a 
successful or failed vaginal birth after cesarean delivery 
on an individual basis. 

On the basis of well-documented minimal maternal 
and fetal morbidity associated with a trial of labor as 
reported by meta-analysis of a large patient experience 
in 29 investigations, it seems appropriate to encourage 
a trial of labor in almost all patients with prior low- 
segment incisions (transverse or vertical) regardless 
of their obstetric history or their recent clinical param- 
eters. Exceptions to this policy would be the infrequent, 
carefully selected patient deemed to be at too great a 
risk for trial of labor on the basis of medical and/or 
obstetric considerations(s). 
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Discussion 


Dr. SUZANNE TRUPIN, Chicago, Illinois. Obstetri- 
cians encourage vaginal birth after cesarean delivery 
because this straightforward course of management 
does more to improve the safety and economics of birth 
while enhancing the birth experience than any other 
single intervention. Dr. Pickhardt and his colleagues 
from Jackson, Mississippi, in their retrospective study 
analyzed 312 patients, representing 93% of the trial of 
labor in his institution during 1989. Their hope was to 
establish criteria that would allow pregnant women to 
avoid lengthy, unsuccessful labor trials. It is an inter- 
esting concept and one that has not been firmly estab- 
lished for any category of parturient—induction, post- 
dates, presumed macrosomic fetus, or diabetic preg- 
nant woman. Although the investigators found no 
single variable nor any constellation of variables pre- 
dictive of success, the data indicates categories of preg- 
nant women especially prone to failure by trend anal- 
ysis. Specific cases included those of gestational age >40 
weeks, those with the recurrent indications of cepha- 
lopelvic disproportion and failure to progress, those 
with an unripe cervix as defined by a modified Bishop’s 
score, and those undergoing labor induction. This pa- 
per facilitates the health promotion issue of trial of 
labor as it contributes to the growing body of literature 
encouraging us to defocus the issue from who should 
not undergo vaginal birth after cesarean delivery by 
demonstrating that patients can succeed regardless of 
past obstetric history or recent clinical parameters. 

Medical parameters of safety have progressively 
broadened indications for vaginal birth after cesarean 
delivery. This fact, coupled with the support of the 
American College of Obstetricians and Gynecologists, 
has allowed for the expansion cf this service nation- 
wide. Yet only 37% of patients with previous cesarean 
births did not have a trial of labor. This is significantly 
improved over the elective repeat cesarean rates of 98% 
reported in 1979 and 92% in 1984.' However, this rate 
is far short of the goal of 11% elective repeat caesarean 
which some have set their sights on.? The economic 
savings of vaginal birth after cesarean delivery and con- 
sumer demand are further stimuli to reaching this goal, 
yet studies indicate that physician bias is still an im- 
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Fig. 1. Uterine tracing of 24-year-old woman, gravida 2; para 1, undergoing trial of labor. 


portant influence on individual cesarean birth rates.” 
All of us are influenced by a host of less definable fac- 
tors such as these two recent cases in my institution: a 
94-year-old woman, gravida 2, para 1, undergoing a 
trial of labor (Fig. 1) or the more frightening 31-year- 
old woman, gravida 4, para 2, with a previous cesarean 
section (Fig. 2), both of whom were found to have 
complete uterine scar dehiscence and massive intra- 
abdominal bleeding at the time of operative: inter- 
vention. . 

My questions regarding this article are (1) What are 
your criteria for candidacy for vaginal birth after ce- 
sarean delivery? Of the 183 patients who did not un- 
dergo a trial of labor, what percentage would have been 
candidates on medical criteria alone? It is'possible. that 
because 37% of the population available for study were 
‘not studied, the statistics for so-called recurrent indi- 
cations would indeed be more revealing. (2) Were the . 
authors able to scrutinize the indications for the original 
and the repeat cesarean birth? Were patients under- 
going a trial of labor more quickly assigned the diag- 
nosis of cephalopelvic disproportion than during their 
first birth? How often was trial of labor abandoned due 
to the patient withdrawing her consent? (3)' Should 
the labels recurrent and nonrecurrent be discouraged 
or abandoned? and (4) Because the use of a modi- 
fied Bishop’s score has never Deen validated, do the 
‘authors anticipate that the inclusion of the, criteria of 
‘cervical position and consistency will enliance predict- 
ability? . PF eo pda « | 

This article, and the others addressing the issue of 
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successful vaginal birth after cesarean delivery, should 
further enhance the concept of trial of labor for all. 
The facts indicate that most patients will succeed. I 
further propose three ways that we as obstetricians can 
encourage vaginal birth after cesarean delivery. First, 
we do not ask our patients, “Are you going to have a 
vaginal birth?,” but rather, “Are you going to have a 
trial of labor, for if you do you are likely to have a 
‘vaginal birth!” Second, we make counseling for trial of 
labor part of routine prenatal care in spite of the fact 
that it is not listed as a health promotion objective in 
the Public Health Service’ 1989 document on the con- 
tent of prenatal care.’ Counseling for vaginal birth after 
cesarean delivery ideally should begin immediately in 
the postpartum care of;the primary cesarean patient. 
Third, we do not schedule elective repeat cesarean 
births. This will discourage us from allowing our con- 
venience to deprive. patients of their opportunity to 
succeed. I look toward the future where elective re- 
peat cesarean birth will be as rare as elective primary 
cesarean. 
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Fig: 2. Uterine tracing of 31-year-old woman, gravida 4, para 2, with one previous cesarean section, 


undergoing trial of labor. 
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Table I. National Maternity Hospital, Dublin, uncorrected perinatal mortality data 











Overall perinatal 


Year mortality rate 


Perinatal mortality rate in cases 
scheduled for vaginal birth 
after cesarean delivery 


Perinatal losses directly attributable 
to vaginal birth after 
cesarean delivery 









1983 21.0/1000 24.8/1000 2 of 5 
1984 15.2/1000 28.2/ 1000 l of 7 
1985 -  16.1/1000 20.2/1000 4 of 5 
1986 l 15.4/1000 37.0/ 1000 2 of 6 
1987 14.7/1000 * 23.0/1000 2 of 4 
1988 13.3/1000 23.5/ 1000 1 of 4 
1989 14.9/ 1000 11.7/1000 - None of 2 


TOTAL . 15.8/1000 24.0/ 1000 i r3 of 33 





4, Caring for our future: the content or prenatal care. A re- 
port of the Public Health Service expert panel on thé con- 
tent of prenatal care. Washington: Public Health Service, 
Department of Health and Human Services, 1989. 


Dr. Lesiie Irry, Newark, New Jersey. The study of 
‘Dr. Pickhardt and his ass6ciates rests on certain as- 
sumptions that to the authors appear self-evident. 

' The first premise is that the “obstetric literature has 
substantiated the safety and efficacy” of vaginal birth 
after cesarean delivery. In support of this conclusion, 
the writers quote five references. Having experienced 
no difficulty in identifying another five papers that had 
found substantial risks involved with the indiscriminate 
use of vaginal birth after cesarean delivery,'* I am com- 
pelled to consider the authors’ choices subjective. Of 


particular interest is the study of Meeham et al.' who 
found a 30.3 per 1000 perinatal mortality rate in as- 
sociation with vaginal birth after cesarean delivery as 
compared with 22.5 per 1000 in their overall obstetric 


population and 10.6 per 1000 among patients delivered 


by repeat cesarean section. Interestingly, the yearly 


Clinical Reports of the National Maternity Hospital; 
. Dublin,®.the bastion for vaginal delivery, show that be- 


tween 1983 and 1989 the perinatal mortality rate in 


association with vaginal birth after cesarean delivery 


trials was 50% higher than in the overall institutional 
population (Table I). A close evaluation of the relevant 
data reveals that the surplus derived from losses di- 
rectly attributable to attempted vaginal birth after ce- 
sarean delivery. we ae 

The second assumption of the authors is that because 


1818 Pickhardt et al. 


of the safety of vaginal birth after cesarean delivery it 
is “eppropriate to encourage trial of labor... regard- 
less of past obstetric history or recent clinical param- 
eters.” Actually, even those reassuring data that the 
writers quoted rested on selective use of vaginal birth 
after cesarean delivery, undertaken after the elimina- 
tion of risky cases. Thus the relative safety in ‘well 
selected cases does not, by any means, permit the con- 
clusion that it is still safe even if the risk factors are 
ignored. 

The third cornerstone for the conclusions of the au- 
thors is the assumption that it is a.>75% predictabilicy 
of failure of vaginal birth after cesarean delivery that 
offers an “acceptable sensitivity and specificity” for en 
elective cesarean section. For this arbitrary stipulation 
they offer no explanation. It is understood that the 
choice between alternative procedures depends on re- 
spective risk-benefit ratios. Noting that the materral 
` infectious morbidity after a cesarean section performed 
after active labor is about three times as high as after 
an elective operation,’ it seerns to me that a less than 
average (i.e,, <65% to 70%) chance for vaginal delivery 
probably serves as a reasonable justification for an elec- 
tive repeat cesarean section. By its very nature, labor 
and delivery has an intrinsic fetal risk, as demonstrated 
bv Hellman and Prystowsky* decades ago. That this risk 
still exists is indicated by the earlier quoted data show- 
ing that vaginal birth after césarean delivery carries a 
higher rate of ‘perinatal mortality than does elective 
cesarean section. The same conclusion derives from the 
recently conceded inability of fetal heart rate.monitor- 
ing to accuratelv predict neonatal outcome. 

In their review of the literature, the authors mention 
cne study?’ that found excellent predictive value for 
vaginal birth after cesarean delivery failure on the kasis 
of the fetopelvic index. Indeed, the fetopelvic relat.on- 
ship has been shown to be a good predictor for suc- 


cessful vaginal delivéry.’° I find it unfortunate there“ore ` 


that the authors elected to drew far reaching corclu- 
sions about the unpredictability of failed vaginal birth 
after cesarean delivery withou: incorporating this pa- 
rameter of investigation into their study. Their sug- 
gestion, namely, that the limited predictability of the 
outcome warrants indiscriminate use of vaginal birth 
after cesarean delivery in clinical practice is more likely, 


to discredit this approach in the long run than to pro- - 


mote its use, under appropriate circumstances. 
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Dr. MARVIN L Hace, Durham, North Carolina. I 
would first question the implications of your findings 
by vour exclusion of patients in the study from the 
analysis. In other words, the exclusions inay have biased 
your interpretation of the significance of the results. 
Second, what information was provided to the patients? 


'Would their behavior have been altered related to un- 


dertaking a trial of labor with these kind of predictive 
values? | 

DR. MARTIN (Closing). First of all, Dr. Trupin asked 
why 180 patients did not undergo trial.of labor in our 
study. The criteria to exclude these patients were mul- 
tiple and varied. We are fairly liberal in Jackson to 
undertake vaginal :birth attempts after prior cesarean 
operations. We attempt, as you noticed, more than 60% 
of possible candidates. Even Dr. Bruce Flamm, who is 
a very great proponent of vaginal birth after cesarean 
delivery, reported only a 37% or 38% rate of trial labor 
at his institution. In addition to patients with classic 
uterine scars or fetal malpresentations, we exclude 
women who have medical complications of pregnancy 
that we judge shouldn’t warrant an attempt, patients 
with marginal pelvimetry, and a variety of special sit- 
uations that are difficult to quantify. The use of medical 
criteria alone would include complicated hypertension, 
poorly controlled diabetes mellitus, and so forth. Gen- 
erally, a patient with a prior low vertical incision is en- 
couraged to undertake a trial of labor. 

The ‘issue of a failed trial of labor in association with . 
a failure to progress was raised by Dr. Trupin. We did 
not do a definitive analysis of why each of the 100 
women who underwent unsuccessful trial of labor 
didn’t succeed. The purpose of this investigation was 
to see if we could develop a type of Bishop score for 
the individual patient to predict the possibility of suc- 
cessful vaginal birth after cesarean delivery. Our pur- 
pose was not to argue the issue of whether trial of labor 
after cesarean is safe or unsafe as raised by Dr. Iffy. 

Dr. Roy Pitkin’s comments in a recent Obstetrics and 


| Gynecology commentary after an article by Dr. Jim Scott 


are relevant at this point in that vaginal birth after 
cesarean delivery has been shown to be safe in capable ~ 
hands, but this is not a warrant for unlimited use of it 
without appropriate restraints and care. 
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Should the terms recurrent and nonrecurrent be aban- 
doned? I don’t know. We use them because theyre 


fairly traditional terms and so that others will under- - 


stand what we are talking about. 

At the University of Mississippi Médical Center we 
also offer a trial of labor to all patients with acceptable 
criteria as if it were the expected norm. This is in answer 
partially to Dr. Hage’s questions. A lot of old issues die 
slowly, and it will take some time to educate physicians 
and patients to this: general policy of widespread trial 
of labor. As Dr. Jerry Joseph indicated last year, how 
the physician presents this issue to the patient from the 
beginning of the next pregnancy has tremendous im- 
portance. 

In recent years at Mississippi we have educated our 
resident staff to expect that vaginal birth after cesarean 


delivery will be undertaken as a rule rather than an — 


exception. 

Finally, does favorable cervical condition enhance the 
predictability of a successful trial of labor? During the 
first half of this study we evaluated a subset of this 
patient population. At that early stage we were of the 


impression that a favorable Bishop score was strongly | 


associated with success or the converse. The data 
seemed to suggest that if a patient got to 41 to 42 weeks, 
had an unfavorable cervix, and the fetal vertex was not 
engaged, that the chance of a successful trial of labor 
was almost nil. 


It turned out that as the numbers expanded to a full 


population, the association between favorable Bishop 
score and vaginal delivery was not as strong as antici- 
pated from early data. I suspect that if we could in- 
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crease this population to a thousand patients, we would 
see again that our préconceived biases about who will 
succeed and who won't will fall by the wayside if we 
consider the individual patient before the onset of 
labor. 

Whiteside’s group is the only one that I can recall 
that has evaluated conduct of labor as a predictor of 
vaginal delivery. I think this area would be an appro- 
priate place to study next. 

Dr. Iffy asked about the risk of vaginal birth after 
cesarean delivery. As I’ve indicated, I don’t really think 
that this is an appropriate podium on which to debate 
that issue. The Dublin information, by the way, did not 
exclude perinates that had. congenital abnormalities 
and so forth; and of course, their uncorrected perinatal 
mortality rates were high. When that correction is 
made, I don’t think the risk to the perinate was ee 
icantly increased above controls. 

Indiscriminate use of vaginal birth after cesarean de- 
livery was addressed earlier. 

In closing, we should emphasize again that trial of 
labor after previous cesarean birth is a procedure that 
works well. It does require, however, that each of us as 
responsible clinicians enter into it with caution and that 
patients are monitored very closely, as we would mon- 
itor any patient in labor. Three of the women that had 
rupture of transverse incisions in Dr. Jim Scott’s recent 


_ report in Obstetrics and Gynecology were not being mon- 


itored closely at the time. We need not have that hap- 
pen. It appears that we cannot predict the success or 
failure of the individual patient any better than overall 


. chance would suggest. 


Comparison of dynamic image and pulsed Doppler 
ultrasonography for the diagnosis of the 


small-for- gestational-age fetus 


Joseph M. Miller, Jr., MD, and Harvey A. Gabert, MD 


New Orleans, Louisiana 


OBJECTIVE: Because poor fetal growth is a significant cause of perinatal morbidity and mortality, a 
prospective study was undertaken to evaluate the ability of real-time ultrasonography and Doppler 


velocimetry to detect the small-for-gestational-age fetus. 


STUDY DESIGN: A prospective study of 136 women at risk for fetal growth abnormalities was conducted. 
Patients were delivered within 3 weeks and had live-born, nonanomalaus, singleton infants. The relative 
estimated fetal weight (estimated fetal weight divided by the median birth weight for gestational age) and 
the systolic/diastolic ratio were measured and compared with receiver-operator characteristic curves. In 


this method the area under the curve is the index of performance. 


RESULTS: Forty-six infants were small for gestational age. Although both relative estimated fetal weight 
{area under the curve = 0.923) and systolic/diastolic ratio (area under the curve = 0.837) were 
significantly associated with the small for gestational age fetus, the former was more strongly correlated, 


. 


p = 0.021. 


CONCLUSION: Relative estimated weight is more sensitive and specific and should be the preferred 
>Jarameter when gestational age is known. (Am J OssTEeT GYNECOL 1992;166:1820-6.) 


Key words: Ultrasonography, Doppler velocimetry, small-for-gestational-age fetus 


Management of the small-for-gestational-age (SGA) 
fetus requires accurate antenatal identification. To date 
prenatal diagnosis has revolved around a group of ul- 
trasonographic surveillance methods. Traditional 
biometry, assessing fetal size, and Doppler velocimetry 
of the umbilical artery have been evaluated. Both meth- 
ods have a sensitivity of nearly 80%."* Previous studies 
have found velocimetry to have good correlation with 
neonatal outcome. ** Standard ultrasonography was 
more sensitive, but statistical comparison of techniques 
was not offered. 

The intent of this study is tc compare dynamic image 
and pulsed Doppler ultrasonography for the antenatal 
identification of the SGA fetus. Specifically, the utility 
of the velocimetric systolic/diastolic ratio of the um- 
bilical artery and estimated fetal weight relative to ges- 
tational age were compared with receiver-operator 
characteristic curves and standard 2 x 2 tables 
for dichotomous variables. Relative estimated fetal 
weight was selected for comparison because of higher 
sensitivity than other standard ultrasonographic 
parameters.” ° 
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Material and methods 

The study population comprised 136 patients with 
singleton pregnancies whose infants were born alive 
within 3 weeks of ultrasonography. Patients were pri- 


„marily private and were racially mixed. Only women 


with a known last menstrual period, intact membranes, 
and confirmatory early physical examination and ul- 
trasonogram were included. All study patients had live- 
born infants that were not anomalous. The biparietal 
diameter, abdominal circumference, and femur length 
were recorded, as previously described.® Fetal weight 
estimation was calculated by the following formula, 
which is known to fit our patient population’: 


EFW = 1013598 + 0.051 AC + 0.1844 FL — 0.0037 AC x FL 


where EFW is estimated fetal weight, AC is abdominal 
circumference, and FL is femur length. Relative weight 
was then calculated by dividing the estimated fetal 
weight by the median birth weight for the gestational 
age at which the study was done, the latter being taken 
from standard tables for sea level.’ For identification 
of an SGA fetus, a relative weight of 0.80 was selected, 
because the 10th percentile boundary is approximately 
80% of the median birth weight. 

_ Fetal umbilical artery velocity waveforms were 
measured with a pulsed, gated image—directed ultra- 
sonography system. A free-floating portion of the um- 
bilical cord was identified with dynamic image ultra- 
sonography. The Doppler was then initiated, with the 
gate placed on the umbilical artery. The typical wave- 
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Table I. Patient demography 


Menstrual age at delivery (days) 
Menstrual age at study (days) 

Interval between study and delivery (days) 
Birth weight (gm) 


Data expressed as mean + SD. NS, Not significant. 


form was identified by aural and visual evaluation.’ Fe- 
tuses were analyzed during nonbreathing periods. 
Maximal systolic and minimal diastolic velocities were 
measured. A systolic/diastolic ratio was calculated from 
three or more representative waveforms and the results 
averaged. For the purpose of this study, a systolic/di- 
astolic ratio of =3.0 was considered abnormal." ° 

Infants were weighed after delivery. An SGA infant 
was one who weighed <10th percentile for the gesta- 
tional age at delivery. Weight tables specific for sea level 
were used.’ 

To evaluate the accuracy of ultrasonographically ob- 
tained parameters in the detection of the SGA new- 
born, we plotted receiver operating characteristic 
curves (sensitivity versus I-specificity). The area under 
the curve for both relative weight and systolic/ diastolic 
ratio and its standard error were calculated by the 
method of Hanley and McNeil. Differences in the 
ability to predict SGA between the two methods were 
determined by comparing the area under the curve for 
each curve.” 

Correlation of dichotomous variables was by x° or 
Fisher’s exact test. Group means were compared by 
Wilcoxon rank sums. Statistical significance was ac- 
cepted at 0.05. 


Results 


Of 136 study participants, 46 (33.8%) delivered SGA 
newborns. Information concerning gestational age and 
birth weight is presented in Table 1. In 88 (64.7%) of 
patients studied, the interval between study and deliv- 
ery was =7 days. No difference in this interval was 
evident between the two groups. SGA newborns were 
smaller and were delivered earlier. 

The receiver operating characteristic curves for rel- 
ative weight and the Doppler-derived systolic/diastolic 
ratio are presented in Fig. 1. The areas under the curve 
and their standard error were 0.923 + 0.028 for rel- 
ative weight and 0.837 + 0.040 for the systolic/ diastolic 
ratio. The curve for relative weight was significantly 
better than for the systolic/diastolic ratio, Z = 2.04, 
p = 0.021. 

Presentation of selected points along the receiver- 
operator characteristic curve for relative weight and 
systolic/diastolic ratio are presented in Tables II and 
III. Table II presents data when arbitrary boundaries 
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SGA Non-SGA 
{n= 46) (n = 90) Significance | 


961.2 + 23.0 274.4 + 13.1 p = 0.001 
254.7 + 23.2 267.4 + 14.0 p = 0.001 
6.5 + 6.3 7.0 + 6.0 NS 
1946 + 653 3372 + 689 p = 0.001 


are selected, and Table IJI illustrates the patient dis- 
tribution when the point on the curve is selected to be 
closest to 100% sensitivity and 0% false positive. Both 
relative weight and systolic/diastolic ratio are strongly 
associated with SGA, p < 0.001. The predictive value 
of the positive and specificity for relative weight are 
about 20% greater than those of the systolic/diastolic 
ratio. 


Comment 


Significant differences exist between SGA and non- 
SGA fetuses for relative weight, derived from ultra- 
sonography, and for the systolic/diastolic ratio, derived 
from umbilical artery velocimetry. Both methods dis- 
tinguish between the two groups. Evaluation of the re- 
ceiver operating characteristic curves indicate that rel- 
ative weight is more predictive. When selected points 
along each curve are evaluated, improved sensitivity, 
specificity, and predictive values of the positive and 
negative are evident for relative weight (Tables II and 
IIT) and are consistent with the report of Divon et al.’ 
Our observations are drawn from a population in which 
gestational age was known. Ina setting when gestational 
age is not known with certainty, the Doppler assessment 
may be of value in identifying the SGA fetus. 

A systolic/diastolic value of =3.0 was found to cor- 
relate well with SGA status of the fetus. When maximal 
sensitivity and specificity were identified, a value of 
=2.85 was determined. This latter value is reasonable 
when the mean gestational age of studied patients is 
considered. The upper limit of the systolic/diastolic 
ratio is 2.9 at 37 weeks and 2.8 at 38 weeks.” 

The optimal break point for relative weight was 
0.784, slightly lower than expected. This reduction may 
be attributed to the tendency of weight estimation for- 
mulas to overestimate SGA fetuses.” 

The identified differences are obtained in a setting 
in which SGA fetuses were studied and delivered nearly 
2 weeks earlier. The systolic/diastolic ratio decreases 
with advancing gestational age.” One would expect a 
higher systolic/diastolic ratio in the earlier delivered 
SGA fetuses. In spite of this bias, relative weight worked 
better. This observation strengthens the finding that 
relative weight is superior to the systolic/diastolic ratio. 

The study population was enriched with SGA new- 
borns. If a more normal population was selected (prev- 
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Fig. 1. Receiver-operator characteristic curves of ultrasonographic variables in detection of SGA 
fetuses. RELEFW, Relative estimated fetal weight; S/D, systolic/diastolic ratio. 


Table I. Contingency tables for ultrasonographic variables versus SGA with a preselected boundary 
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Variable 





Relative estimated 
fetal weight 


=0.80 38 13 £ < 0.001 75% 91% 83% 86% 
>0.80 8 TI 

Systolic/diastolic 
ratio 
=3.0 31] 22 f< 0.00] 59% 82% 67% 76% 
<3.0 15 68 


Table HI. Contingency tables for ultrasonographic variables versus SGA seen to’ be closest to upper 
left-hand corner of receiver-operator characteristic curve 
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Variable SGA Non-SGA Significance value value Sensitivily Specificity 





Relative estimated 
fetal weight 


0.784 37 8 p< 0.001 . 82% 90% 80% 91% 
>0.784 9 82 
Systolic? diastolic 
ratio 
22.085 38 25 p < 0.001 60% 89% 83% 72% 


<2.085 8 65 
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alence of SGA 10%) with the boundaries of 0.80 for 
relative weight and 3.0 for the systolic/diastolic ratio, 
‘the predictive value of the positive would decrease to 
39.7% and 23.7%, respectively, from application of 
Bayes’ theorem. The predictive value of the negative 
would increase, 97.9% and 95.4%, respectively; sensi- 
tivity and specificity would be unaltered. In a more 
normal population, both relative weight and the sys- 
tolic/ diastolic ratio would be of value in excluding SGA. 
In clinical practice, the population specifically studied 
to detect SGA is often preselected. Therefore assump- 
tions drawn from our data may be appropriate to other 
settings. 

This study addressed SGA newborns as the defined 
outcome and uses a birth weight—derived definition of 
SGA. It is reasonable that estimated fetal weight should 
reflect SGA well. Doppler systolic/diastolic measure- 
ments were less useful than standard ultrasonography. 
The systolic/ diastolic ratio may provide insight into the 
mechanism of diminished growth. Additionally, Dopp- 
ler measurements may also provide information about 
fetal health.'* We concur that their use should be ad- 
junctive."® 

Clinical management of the SGA fetus is often dif- 
ficult. We believe that a variety of factors will influence 
timing of delivery. Serial scans to follow growth of the 
fetus and some form of antepartal fetal testing for well- 
being are appropriate. A fetus who fails to grow on 
serial scans or has an abnormal evaluation of well-being 
is probably best delivered. 
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Discussion 


Dr. EMANUEL P. GAZIANO, Minneapolis, Minnesota. 
The article supports the generally recognized concept 
that umbilical artery Doppler measurements offer no 
significant advantage over standard ultrasonographic 
biometry for the diagnosis of the SGA fetus. This dis- 
cussion will focus on three points: the heterogeneity 
for any given SGA population, methodologic issues, 
and clinical implications for the findings presented. 

Studies relating to the prenatal diagnosis of the SGA 
fetus by dissimilar methods need tc consider, among 
other things, cytogenetic, infectious, nutritional, and 
vascular causes. For example, the fetus shown to be 


SGA on the basis of cytomegalovirus may not neces- 


sarily have increased resistance in the umbilical circu- 
lation, a prerequisite for abnormal Doppler velocime- 
try. Although the preponderance of infants in any 
given population are SGA on the basis of compromised 
uteroplacental blood flow, did the authors seek to clas- 
sify the SGA infants on the basis of cause independent 
of gross anomalies?! 

The arbitrary cutoff of 3.0 used as a threshold for 
abnormality is a concern for two reasons. This value 
was described for studies conducted with continuous 
wave rather than pulsed Doppler and it does not con- 


sider the critical relationship between gestational age 


and Doppler values. Depending on sample volume size, 
Doppler indices obtained with pulsed technique as op- 
posed to continuous wave tend to be higher in the um- 
bilical artery for any given gestational age. In our own 
population, with pulsed Doppler and a sample volume 
size of 1.5 mm,? all patients with a gestational age =29 
weeks have mean Doppler systolic/diastolic ratios of 
<=2.9, which is in close agreement with those reported 
by Gerson et al. for pulsed Doppler. * If one considered 
=2 SDs above the mean as the threshold for abnor- 
mality, as is suggested by most investigators, a number 
of patients would be misclassified by the current 
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study.** Accuracy could be improved by the construc- 
tion of a standard curve from the authors’ own pop- 
ulation and equipment, with the above criteria for 
abnormality or by use of published normal values for 
pulsed Doppler, which are adjusted for gestational age.° 
The authors are to be commended for selecting a for- 
mulation for ultrasonographic estimation of fetal 
weight, which includes femur length and for selecting 
receiver-operator characteristic curves as the statistical 
method for displaying data, aliowing optimal values to 
be set for test sensitivity. 

Table I needs to be expressed in weeks instead of 
days for time of study and time of delivery. 

The study population is surprisingly advanced in ges- 
tational age with a mean of 36.4 + 3.3 and 38.2 = 2.0 
weeks for SGA and non-SGA infants, respectively. ‘The 
whole construct of the receiver-operator characteristic 
curves are based on this population. This point needs 
to be stressed in the discussion because the selected cut- 
offs would presumably have little or no validity fcr the 
diagnosis of the SGA fetus at =33 weeks. 

The findings that Doppler velocimetry offers no ad- 
vantage over ultrasonograpnic estimation of fetal 
weight is not surprising because one method measures 
a physiologic parameter, distal resistance to flow, in a 
heterogeneous population. In addition, ultrasono- 
graphic estimations for weight may be more ser.sitive 
for the smaller fetus.* Does this leave any role for fetal 
Doppler or will Doppler be consigned as the estriol test 
of the 1990s? Emerging clinical studies, supported by 
the present article, suggest the following: (1) that ab- 
normal velocimetry is highly statistically associated with 
the birth of an SGA infant, (2) that ultrasonography 
biometry compared with umbilical artery Doppler is 
superior for the diagnosis of the SGA fetus, and (3) 
that abnormal velocimetry correlates best with neonatal 
morbidity and mortality. 

A number of studies, including our own work in 
multiple gestations, support the latter, suggestirg that 
abnormal Doppler velocimetry, particularly in the pres- 
ence of lower diastolic velocities, demonstrates a strong 
association with adverse neonatal outcome.” 

Abnormal! velocimetry of the umbilical artery in the 
presence of ultrasonography retardation of fetal 
growth warrants close fetal surveillance. Multiple vessel 
interrogation may help with the timing of delivery, 
whereas the presence of oligohydramnios and coexist- 
ing maternal hypertension remain important <linical 
variables. Therefore, in the presence of a growth-re- 
tarded fetus, Doppler velocimetry may serve as 3 useful 
management tool and will likely complement rather 
than replace standard ultrasonographic biometry. 
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Dr. DEV MAULIK, Kansas City, Missouri. This article 
investigates the comparative efficacy of ultrasono- 
graphic estimation of fetal weight and umbilical arterial 
systolic/diastolic ratio for predicting birth weights 
<10th percentile. The former technique has been in 
use for many years, whereas the efficacy of the latter 
has been extensively investigated in recent years. The 
use of umbilical arterial] Doppler velocimetry for iden- 
tifying intrauterine growth retardation (IUGR) is based 
on the rationale that such a complication is associated 
with and may be the result of a compromised fetopla- 
cental circulation. This was supported by the important 
observation that a substantial fall in the umbilical blood 
How and subsequent fetal growth retardation can be 
produced by microsphere embolization of the utero- 
placental circulation in a ewe model.’ Early clinical stud- 
ies indicated a strong association between abnormal 
umbilical arterial Doppler indexes and suboptimal fetal 
growth. This led to optimism about the potential of 
Doppler velocimetry as a powerful diagnostic tool for 
fetal growth retardation. Subsequent experience, how- 
ever, has been mixed at best and often not very en- 
couraging. Some of these contradictory findings may 
be explained by the semantic and conceptual complex- 
ities surrounding the terms IUGR and SGA. Indeed, 
it should be recognized that not all growth-retarded 
fetuses are SGA, just at not all SGA infants are growth 
retarded. Furthermore, it is apparent that not all IUGR 
or SGA fetuses may suffer from in-utero compromise 
in terms of asphyxia, which correlates better with absent 
end-diastolic velocity in the umbilical artery than with 
subnormal fetai abdominal circumference (<5th per- 
centile), as measured by ultrasonography.’ 

In regard to the various ultrasonographic modalities 
for recognizing an SGA infant, the majority of the stud- 
ies have demonstrated that conventional fetal ultrason- 
ographic biometry is more sensitive than umbilical ar- 
terial Doppler velocimetry (Table I). 

Drs. Miller and Gabert’s observations are consistent 
with these findings. However, their investigation has 
addressed this issue in a more comprehensive manner 
by using receiver-operator characteristic analysis for 
the comparison of the two diagnostic modalities. We 
have expressed our own preference for this analytic 
approach in this forum in the past.”*® Unlike methods 
based on the distribution-derived threshold value of a 
test, the receiver-operator characteristic analysis eval- 
uates overall performance of a test in discriminating 
between the diseased and the healthy population. The 
area under the receiver-operator characteristic curve 
offers a general index of accuracy independent of such 
factors as population attributes, prevalence rate, or the 
intended use of the test. A comparison of areas under 
the relative-operator characteristic curves permits a 
more logical inferential process. 
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Table I. Comparative efficacy of ultrasonographic biometry and Doppler velocimetry in detecting 





SGA infants 
Sensitivity Specificity Positive predictive Negative predictive — 
(%) (%) value (%) value (%) 

Divon et al.® (1988) | 49/87 94/87 81/78 77/92 
Berkowitz et al.* (1988) 45/79 89/85 58/64 — 

Chambers et alë (1989) 471173 — 77184 52/67 
Gaziano et al. (1990) 79/43 66/98 21/77 96/93 
Miller and Gabert 67/83 76/86 59/75 82/9] 





In conclusion, I congratulate Dr. Miller and Dr. Ga- 
bert for their well-conducted study. However, I believe 
that several points of clarification are in order. First, it 
is apparent from the high incidence of SGA infants 
that the study population was at an increased risk. What 
were the criteria for selecting the patients in this study, 
and what were the characteristics of the study popu- 
lation regarding pregnancy complications? Second, a 
critical element in any study of this nature is an accurate 
estimation of the gestational age. Although it is men- 
tioned in the article about confirmatory early physical 
examination and ultrasonography, what were the pre- 
cise criteria? Finally, an earlier study observed that fetal 
growth compromise may be detected earlier by Doppler 
velocimetry than by ultrasonographic biometry.* Was 
this phenomenon noted in this investigation? 
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Dr. CHIN-CHU LIN, Chicago, Illincis. I agree with 
Dr. Gaziano’s opinion that the Doppler study probably 
looked for the functional rather than anatomic diag- 


nosis of IUGR fetuses by conventional ultrasono- 
graphic studies. So it’s a different parameter. 

From previous literature, it has been suggested that 
Doppler study for predicting the outcome of the IUGR 
fetus is not better than various antenatal fetal testings. 
That includes nonstress testing, biophysical profile, and 
other testing parameters. My questions are, have the 
authors compared this Doppler study with those fetal 
testing parameters? Is this Doppler study better cor- 
related with the diagnosis of IUGR than other antenatal 
fetal testing methods? 

Dr. JOE BRUNER, Nashville, Tennessee. From a com- 
mon sense point of view, simple identification of the 
SGA fetus is of little interest. Most textbooks point out 
that 40% of small infants are simply genetically deter- 
mined to be small. Just like there are big people and 
little people, there are small infants who are otherwise 
normal. They're of little interest. 

Furthermore, 10% of small infants have severe chro- 
mosomal or congenital disorders, and their manage- 
ment is challenging only to a select few. Another 10% 
are small because of early perinatal infections, and 
there’s little that we can do after the fact to improve 
outcome in this group. 

However, 40% of small babies are small as a result 
of uteroplacental insufficiency. This is the group we 
should be most interested in. This group could be iden- 
tified by a combination of both standard ultrasono- 
graphic biometry and Doppler ultrasonography. We 
should be interested in this group because, in spite of 
electronic fetal monitoring and biophysical profiles, 
many of these babies are still born with severe neonatal 
complications. 

So identification of the subgroup of small babies with 
uteroplacental insufficiency should be the starting point 
for studies trying to decide how best to manage these 
pregnancies. 

Dr. DANIEL RIGHTMIRE, Springfield, Illinois. I would 
like to ask the question that the other two persons from 
the floor just referred to but didn’t ask, and that is, 
were there different morbidities actually identified 
among the groups declared abnormal by the two tech- 
niques, differences besides smallness? For example, 
were there differences in the duration of newborn in- 
tensive care unit stay or the need for respiratory care 
or operative deliveries for fetal distress? 

Dr. MILLER (Closing). Our study population was de- 
fined to avoid certain types of complications including 
cytogenetic or chromosomal abnormalities. 

The cutoff point of 3.0 for Doppler studies is prob- 
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lematic. Our patient population was nearly at term. We 


chose 3.0 as an arbitrary cutoff; and whether it is right . 


or wrong, it is widely replicated in the literature. 

I do agree that Doppler values should be adjusted to 
gestational age. We chose not to do that since in our 
community the values are reported as an absolute value 
compared in that manner. 

I concur on the comments with the systolic/ diastolic 
boundaries and their role as gestational age. 

Dr. Maulik pointed out the difference between IUGR 
and SGA, and I could not concur more wholeheartedly. 
We ‘defined the population as being SGA because that 
was a relatively easy patient population to define. The 
problem with defining an IUGR is that I’m not aware 
of a single widely accepted definition that I could then 
use to study prospectively. I beg for cooperation from 
those in the audience to provide such a definition, and 
we will be happy to use it. 

The characteristics of our study population were not 
` presented. We run a consulting service and deal almost 
entirely with patients who are referred for evaluation 


and then returned to the pract.cing physician. The pop- - 


‘ulation was indeed rich in SGA newborns, which is not 
surprising because we were looking specifically to study 
thern. To be sure, chronic hypértension, preeclampsia, 
poor weight gain, smoking, and other underlying med- 
ical complications such as renal disease and lupus er- 
ythematosus were among these. These were not re- 
corded. 

By early physical examination we meant first-trimes- 
ter examinations. The patients were all referred by 
practicing physicians, and patients had been enrolled 
in prenatal care early. Ultrasonography was generally 
obtained first, in the first trimester, and if not then, by 
16 weeks so that we could define the gestational age. 
We recognize that there will be minor variations within 
this. It's unavoidable because we don’t have docu- 
mented ovulation for these patients. 

I cannot comment on early growth changes and the 
ability to determine SGA babies at 24, 28, or 32 weeks 
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because that was not the intent of this study. We do 
have such data and ultimately will be able to pull them 
out. 

There were some.concerns about the functional ver- 
sus anatomic changes that are being reported. We did 
not compare these because that was not in our study 


design, biophysical profile to Doppler. This would be 


a very interesting study. 

I concur that it would be a mistake to walk away from 
this study believing that Doppler is not of use. Clearly 
it has a role. I’m waiting for its full role to be defined. 

In our study population, however, there was a dif- 
ference between the two areas under the curve, even 
though both were excellent, 84% and 92% being re- 
ported. The difference in areas under the curve was 
Statistically significant, and that is an important finding 
from our study. We did not find “no difference.” We 
found specifically that if you want to identify a small 
baby ultrasonography does so better than Doppler. 

Dr. Bruner asked about better identification and the 
role of Doppler in the IUGR baby. My comments from 
before will stand. 

One would be concerned about the heterogeneous 


population that we reported. Indeed, my own thoughts 


are there are several categories of small babies. I see 
many small babies who weigh 5 pounds to 5 pounds 12 
cunces at term and who have grown at a very normal 
rate over the third trimester. They generally have good 
amniotic fluid and biophysical assessment, either non- 


stress test or biophysical profile. These patients are gen- 


erally delivering smaller but otherwise entirely normal 
babies. | 

These are quite different from babies who have a 
dysfunctional growth process with decreased amniotic 
fluid, abnormal biophysical profiles, or other abnormal 
antepartum results. 

I would-ask that others join us in our efforts to try 


to differentiate among these entities and to develop a 


protocol to better focus on both diminished and ab- 
normally diminished growth. 


Prediction of respiratory distress syndrome by a new 


colorimetric assay 
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OBJECTIVE: The purpose of this study was to evaluate the clinical performance of a new, simple, aka 


rapid colorimetric assay for predicting respiratory distress syndrome. 


STUDY DESIGN: Ninety-four specimens obtained within 3 days of delivery were assayed with the new 
test. For 78 of these specimens, the lecithin/sphingomyelin ratio was also determined. Significant 
differences were calculated with x? analysis. Cutoff points were selected by eee the corresponding 
sums of sensitivity and specificity and: from receiver-operator-characteristic curves. 

RESULTS: The specificity of the new colorimetric test was better than 89%, and it yielded more than 86% 
correct diagnoses. Furthermore, the test had a significantly (p< 0. 05) lower percentage of false-immature. 
results than that obtained with the lecithin/sphingomyelin ratio. Moreover, the new lest performed relatively 
well in analyses of patients between 27 weeks and 36 weeks’ gestation. | 
CONCLUSION: We concluded that the new assay is reliable and that it can serve as a useful alternative 
to current methods for predicting respiratory distress syndrome (Am J OBSTET ee 4992:166:1827-34. ) 


Key words: Fetal lung maturity, respiratory distress a colorimetric test for fetal 


lung maturity 


Respiratory distress syndrome (RDS) is still the lead- 
ing cause of morbidity and mortality among premature 
newborns.' Most methods for predicting RDS are based 
on the well-known relationship between specific phos- 
pholipids in amniotic fluid and progress in fetal lung 
maturity.” The most commonly used clinical test, the 
lecithin/sphingomyelin (L/S) ratio,” is labor intensive, 
time consuming, and generally performed by a clinical 
technician with special training. Two anionic phospho- 
lipids, phosphatidylinositol and phosphatidylglycerol, 
were suggested by Kulovich and Gluck‘ as additional 
indexes for fetal lung maturity. An advantage of using 
these phospholipids is that their low levels in blood 
should improve the analysis of blocd-contaminated am- 
niotic fluid specimens. Phosphatidylglycerol is deter- 
mined generally by a complex, two-dimensional, thin- 
layer chromatography procedure’ or by an immunoag- 
glutination test.° This phospholipid is usually detected 
late in gestation; its estimation is used therefore as a 
screening test. The determination of a phospholipid 
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profile in amniotic fluid may increase the clinical per- 
formance over that of the L/S ratio,** but the Poe 
dure is much more labor intensive. 

We recently reported on a simple and rapid colori- 
metric assay for simultaneous determination of lecithin, 
phosphatidylinositel, and phosphatidylglycerol 5 in am- 
niotic fluid.’ The assay is based on the capabilities. of 
these phospholipids to solubilize a solid dye complex 
adsorbed on glass beads. We simplified the original pro- 
cedure and made it more convenient for clinical use. 
In this communication we describe the improved assay 
and report on a clinical evaluation of the new test in 
assessing fetal lung status. © 


Material and methods - 


Phospholipids for calibration curves were purchased 
from Sigma Chemical Company (St. Louis). Amniotic 
fluids were obtained by amniocentesis or aspiration of 
fluid in the course of cesarean delivery for accepted 
obstetric indications from patients of the obstetric ser- 
vices of the Albany Medical Center Hospital. Samples 
with blood contamination and those that were very 
cloudy after centrifugation were excluded. The results 
obtained with thé new test were not. available to the 
physician determining fetal respiratory outcomes. Neo- 
natal respiratory distress was determined on the basis 
of neonatal requirements for supplemental oxygen for 
at least 24 hours and characteristic chest radiographs 
(presence of a diffuse reticular-granular pattern and 
air bronchograms). Transient tachypnea of the new- 
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Resuspend isolated amniotic 
fluid lipids in aqueous medium. 
at 35° for 5 minutes. 


A 15 reagent beads, 
incubate with shaking 


Measure absorbance at 
610 nm and record the Ail. 





Transfer to a test tube containing 
7 15 new reagent beads and 
a incubate for 30 min: 






Measure absorbance at 610 nm, 
and record the T-I. 





(re ee ca eer 


Fig. 1. Schematic for analysis of amniotic fluid specimen with 
modified test (differential incubation procedure). 


born was determined by requirement for <12 hours of 
ventilatory assistance and the absence of radiograrhic 
findings. 

One hundred seventeen patients were tested with the 
new test. The clinical performance of the assay was 
assessed from diagnoses of 94 arnniotic fluid specimens 
(RDS prevalence of 16%) that were collected within 3 
days of delivery. Gestational ages, which were evaluated 
from menstrual history, ultrascnography, and Dubo- 
witz scores, ranged between 27 and 40 weeks. Nine of 
the newborns had transient tachypnea of the newborn; 
seven patients had premature rupture of membranes 
and 25 were diabetics. Of the 94 patients, 78 (RDS 
prevalence of 18%) were analyzed by thin-layer chro- 
matography and the L/S ratio was determined. 
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Fetal lung maturity assessment. Phospholipids were 
extracted from 1.5 ml amniotic fluid that was centri- 
fuged at 200g for 5 minutes by two volumes of chlo- 
roform and one volume of methanol. The organic 
phase was placed in a 16 X 125 mm test tube and the 
solvent was removed by evaporation under nitrogen. 
The phospholipid residue of the organic phase was 
resuspended in 2.0 ml water by a 2-minute vortexing. 

Reagent-glass beads were prepared by using a dye 
reagent precipitated from a mixture of 8 x 107° 
mol/L cetyltrimethylammonium bromide and 5.5 x 
107° mol/L coomassie brilliant blue. The blue precip- 
itate was dissolved in 5 ml acetone, and the solution 
was added to 50 gm of 3 mm glass beads (Kimax, Kim- 
ble Science Products, Vineland, N.J.). The reagent was 
adsorbed onto the beads by evaporating the solvent to 
dryness.’ 

A scheme for amniotic fluid analysis for fetal lung 
maturity is shown in Fig. 1. Fifteen reagent beads were 
added to a 2.0 ml sample and incubated for 5 minutes 
at 35° C with 250 rpm shaking. The absorbance of the 
blue solution at 610 nm was measured and represented 
as A'I. The solution was then transferred to another 
test tube containing 15 new reagent beads; incubation 
continued for another 30 minutes. The absorbance at 
610 nm at the end of this interval reflected T-I. L-I 
was obtained by subtracting the value of A-I from that 
of T-I. 

Thin-layer chromatography for the L/S ratio deter- 
minations was performed as before.’ L/S ratio >2.0 
was taken to indicate maturity. In general, thin-layer 
chromatography of the lipid extract of the amniotic 
fluid sample was performed first. The fluid was then 
stored at — 20° C, up to several weeks, before analysis 
by the colorimetric assay. Results are a mean of dupli- 
cated determinations. 

A Beckman CDS-200 densitometer was used for the 
L/S ratio determination and a Perkin Elmer Lambda 
4B (Perkin Elmer Corp., Norwalk, Conn.) spectropho- 
tometer for absorbance measurements. Statistical anal- 
ysis and clinical performance evaluations were per- 
formed with the statistical capabilities of RS/I and an 
IBM-compatible microcomputer. Variation is indicated 
by standard deviation. Significant differences were de- 
termined by x? analysis, and for small sample size the 
x” Statistic with correction® was used. 


Results 


Fetal lung maturity was assessed with an improved 
procedure based on the specific solubility of a novel 
dye reagent in an amniotic fluid phospholipid sample 
with two incubation intervals. The modified assay cir- 
cumvented the use of organic solvent required 
previously’ for the simultaneous estimation of lecithin 
and anionic phospholipids, such as phosphatidylinosi- 
tol and phosphatidylglycerol, in amniotic fluid. Re- 
agent-glass beads were incubated in a water suspension 


Volume 166 
Number 6, Part | 


MEAN CONCENTRATION (ug/ml) 


<2.10 2.10-3.09 





New test for fetal lung maturity 1829 


3.10-4.09 >=4.10 


L/S RATIO 


Fig. 2. Correlation between results of new assay (A'l and L-I) with different ranges of L/S ratio. 
Number of patients tested at each L/S ratio range indicated inside bars. 


of isolated amniotic fluid lipids for 5 minutes and 30 
minutes (Fig. 1). The anionic phospholipids were es- 
timated after the first incubation interval, whereas the 
lecithin content was measured after the second interval! 
(Fig. 1). 

The absorbance values ranged between 0.14 and 0.75 
for 95% of the specimens tested in this study. The mean 
_coefficient of variation percentages for the 610 nm ab- 
sorbance measurements at each incubation interval 
within a run at different levels of amniotic fluid ma- 
turity were 6.9% + 1.7% and 9.6% + 2.0% and be- 
tween runs 6.6% + 1.5% and 8.6% + 1.8%, respec- 
tively. Proteins, such as unlipidated bovine serum 
albumin (50 pg/ml), cholesterol (50 pg/ml), lysophos- 
phatidylcholine (20 pg/ml), and sphingomyelin (20 
ug/ml) produced very little absorbance (<0.05) under 
the conditions of the assay. 

Absorbance values of the new colorimetric test were 


converted to phospholipid concentration with appro- 


priate calibration plots determined for each batch of 
reagent-glass beads preparation. Three clinical in- 
dexes—A-I (anionic phospholipid index), L-I (lecithin 
index), and T-I (total phospholipid index)—were de- 
termined simultaneously. The relation between A'I and 
L-i with different L/S ratios was illustrated in Fig. 2. 
A trend of increasing index values with the L/S ratio 
was evident. Nine patients with L/S ratios (1.5 + 0.4) 
indicating immaturity had a corresponding mature 
A'I (14.4 + 5.2 pg/ml). Just one of these patients had 
RDS. Eight patients had immature L/S ratios 
(1.5 + 0.4) and a corresponding mature L-J 
(23.5 + 5.7 ug/ml). Two of these patients had RDS. 
Diagnostic cutoff points for A-I and L-I were ob- 
tained with 94 specimens that were collected within 3 
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0.0 01 0.2 0.3 


-SPECIFICITY 


Fig. 3. Receiver-operator-characteristic curves for A'I and L-I 
of new assay and for L/S ratio. Sensitivity and l-specificity 
were calculated at various cutoff points, and respective optimal 
cutoff points are shown. (Number of samples analyzed by both 
methods were same [n = 78].) 


clays of delivery. Cutoff points were selected by mini- 
mizing the number of false results in predicting respi- 
ratory outcome, by maximizing the corresponding sum 
of sensitivity and specificity, and by a receiver-operator 
characteristic curves analysis’ ” (Fig. 3). To define a 
positive test as predictive of RDS," the selected optimal 
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35,1-37.0 


GESTATIONAL AGE (weeks) 


Fig. 4. Correlations of new test results and L/S ratio with gestational age. Number of patients assayed 
with each test at each gestational age range are indicated inside bars. 


Table I. Clinical performances of new assay (n = 94) and L/S ratio (n = 78) in predicting RDS 


Clinical parameter* 


Diagnostic index 


Specificity 89 (86) 89 (86) 93 (92) 78 
Sensitivity 80 (79) 73 (71) 73 (71) 71 
Negative predictive value 96 (95) 94 (93) 96 (95) 93 
Positive predictive value 57 (55) 55 (52) 71 (69) 42 
Efficiency 87 (85) 86 (83) 90 (90) td, 
False-positive results (%) 11 (14) 11 (14) 7 (8) 22 


Diagnostic indexes AI, L-I, and AL-I are defined in the text. Values in parentheses were obtained with the L/S ratio study 
population (n = 78). 


*p, Positive for RDS; N, negative for RDS; FP, immature result and no RDS; TP, immature result and RDS; FN, mature result 


ee TN Dene T ; E 
and RDS; TN, mature result anc no RDS; specificity = TN ~ Er x 100; sensitivity = TP + FN x 100; negative predictive 
TN be a TP TP tN 
value = TN + EN x 100; positive predictive value = TP + FP x 100; efficiency = ce x 100; percentage of false- 


F 
m X 100, 
FP + TN 


TA positive test with AL-I was indicated only if both A-I (7.5 pg/ml) and L-I (=19.0 g/ml) were below their cutoff points. 


positive results = 


cutoff values were 7.5 and 17.0 pg/ml phospholipid, 
respectively. Fifty-four specimens were treated by the 
differential-incubation assay, and 40 specimens were 
analyzed by the earlier procedure.’ 

The percentage of mature results (samples witk val- 
ues higher than cutoff points) assessed by both the new 
indexes and by the L/S ratio increased with gestational 
age (Fig. 4). The percentages of healthy newborns, as 
determined by respiratory outcomes, at each gesta- 
tional age group were 45% before 33 weeks, 84% be- 
tween 33 and 35 weeks, 96% between 35 and 37 weeks, 
and 100% after 37 weeks’ gestation. Before 33 weeks’ 


gestation, the percentage of mature results with the new 
test (Fig. 4) was in excellent agreement with the out- 
come data. In contrast, the percentage of mature results 
according to the L/S ratio was much lower than the 
actual percentage of healthy outcomes. This is consis- 
tent with the large number of false-positive results that 
were obtained with this ratio before and at 33 weeks’ 
gestation. 

The diagnostic performance of the new test was eval- 
uated by determining the specificity, sensitivity, predic- 
tive values, efficiency, and percentage of false-positive 
results (Table I). The diagnostic efficiency of all indices 
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Table II. Effect of number of days between specimen collection and delivery on clinical performances of 
new assay (A-I) and L/S ratio (parameters defined in Table J) 


7 
Al LIS Al Lis Al L/S 
= (n = 68) (n = 94) (n = 78) (n = 117) (n = 98) 
78 78 88 


No. of days within delivery 


Clinical parameter 
Specificity 77 
Sensitivity 80 71 80 71 82 73 
Negative predictive value 94 91 96 93 96 95 
Positive predictive value 61 45 57 42 5] 34 
Efficiency 88 76 87 77 89 78 


Table III. Clinical performances of new assay and L/S ratio in predicting RDS before and at 36 weeks’ 


gestation and in a region of transitional L/S ratios 


Gestational age =36 wk 


252 L/S = 16 


ALI LIS ALJ LIS 
(n = 39} (n = 37) (n = 22) (n = 22) 


Efficiency (%) 77 
False-positive results (%) 16 


59 82 50 
46 13 53 


The performance of AL-I (parameters defined in Table I) is compared with that of the L/S ratio. 


was above 86%, and the specificity was above 89%. The 
specificity and the predictive value of an immature (pos- 
itive) result improved when a combined index of A-I 
and L-I, designated as AL-I (RDS was predicted only if 
both A-I [$7.5 pg/ml] and L-I [=19.0 pg/ml] were be- 
low their cutoff points), was used (Table I). 

The clinical performance of the new test was com- 
pared with that of the L/S ratio by evaluating the results 
obtained from analyses of amniotic fluid specimens 
with both tests (n = 78). The specificity and the pre- 
dictive value of a positive result were higher for the 
new test than with the L/S ratio (Table I). The number 
of false-positive results was significantly (p < 0.02) 
lower for the AL-I (8%) than for the L/S ratio (22%) 
(Table I). 

The receiver-operator characteristic curves of the 
new indices and the L/S ratio crossed below 0.5 sen- 
sitivity, and the portion of the curve of greatest clinical 
interest is shown in Fig. 3. The new test curves were 
closer to the upper left corner of the graph than the 
L/S ratio curve, suggesting that the new test is superior. 
The 1-specificity (false-positive rate) of the new test was 
compared statistically with that of the L/S ratio at a 
fixed sensitivity with paired samples. At 0.79 sensitivity 
the corresponding false-positive rates were 0.14 with 
the A-I (£7.5 mg/ml) and 0.31 with the L/S ratio 
(<2.5), indicating that the new test performed better 
(p < 0.03) than the L/S ratio. 

The clinical performance of the new assay changed 
very little with samples collected within 2 or 4 days of 


delivery (Table IJ). In all but one of the false-negative 
results, RDS was classified as mild, and the pregnancies 
had at least one other complication including twin, pre- 
term labor, amnionitis, premature rupture of mem- 
branes, or preeclampsia. These patients also had a ma- 
ture result by optical density measurements (ODess > 
0.15) with a mean ODeso of 0.38 + 0.16. 

The test performed well under demanding condi- 
tions. The clinical performances of the new test and 
the L/S ratio, in patients up to and including 36 weeks’ 
gestation, are given in Table III. The number of false- 
positive results was almost threefold lower with the 
ALI than that obtained with the L/S ratio (Table III). 
The AL-I was significantly better (p < 0.05) than the 
L/S ratio in indicating maturity. The specificity and 
sensitivity of the test were 84% and 71% as compared 
with 54% and 69% for the L/S ratio. In addition, for 
patients with transitional L/S ratios between 1.6 and 
2.5, the percentages of false-positive results were 13% 
and 53% with the ALI and the L/S ratio, respectively 
(Table III). 


Comment 


The new colorimetric test for antenatal assessment 
of fetal lung maturity is based on the specific solubility 
of a single-solid dye reagent, adsorbed on glass beads, 
in an aqueous solution of amniotic fluid phospholipids. 
This reagent can be stored at room temperature for 
months and eliminates the problems associated with 
labile biologic reagents. The new test can be performed 
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by someone without extensive technical expertise, takes 
less than an hour to complete, and is quantitative and 
cost-effective. 

The ability to express results quantitatively may con- 
tribute to improving the prevailing poor interlabora- 
tory reproducibility in predicting RDS. The sum of 
L-I and A'I of a mature result was higher than 25 
ug/ml phospholipid, in agreement with previous re- 
ports.'' The cutoff points ratio (L-I/A-I) was 2.3, which 
corresponds to about 70% lecizhin and 30% anionic 
phospholipid. 

Fetal lung maturity assessment is complex and in- 
volves many complicating factors. Many of the widely 
used methods for predicting RDS are based on the 
measurement of a single component or property of 
lung surfactant. The new test is based on both the sur- 
face properties and the phospholipid composition of 
lung surfactant. At least two different diagnostic in- 
dexes corresponding to different classes of phospho- 
lipids were determined. The performance of the test 
is expected to be enhanced by its provision for quan- 
titative and simultaneous determination of more than 
one amniotic fluid phospholipid index, as shown by a 
relatively high predictive value of an immature result 
(Table I). | 

The clinical usefulness of the new test was expressed 
by a high specificity, a high percentage of correct di- 
agnoses, and a significantly lower percentage of false- 
immature results than that obtained with the L/S ratio. 


This suggests that this new promising test may be a good. 


alternative to current methods for predicting RDS. 


We thank Donald S. Berns for his assistance, Paul 
Sherman for performing the thin-layer chromatogra- 
phy measurements, Bernard R. Lipinskas for his help 
in installing our computer, and Andrew A. Reilly for 
his help with the statistical analysis. 
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Editors’ note: This manuscript was revised after these 
discussions were presented. 


Discussion 


DR. CHARLES M. STEDMAN, New Orleans, Louisiana. 
I distinctly recall the clinical laboratory class that day 
at medical school in 1972. The instructors had chosen 
the L/S ratio as the project for the afternoon, and we 
were the first class to participate. The test had been 
introduced in 1971 by Gluck et al., who reported a 
technique to screen for fetal pulmonary maturity. We 
should all pause to consider that this article is one of 
those rare medical works that has continued as the gold 
standard 20 years after initial presentation. 

The impact of the L/S ratio in the 1970s was as a 
reliable screening test. Obstetricians finally had a tool 
to prevent instances of iatrogenic prematurity at repeat 
cesarean section. The pediatric literature of the day 
described unintended prematurity accounting for 10% 
to 15% of admissions to intensive care nurseries. Dur- 
ing a time when urine pregnancy tests were relatively 
insensitive, ultrasonography was used sparingly, and 
scheduled repeat cesarean section was the norm, the 
L/S ratio served as a safeguard. Its clinical utility was 
to predict the absence of RDS. 

In the 1990s our needs are somewhat different. Use 
of the L/S ratio as a screening test is less frequent. Urine 
pregnancy tests are positive when a menstrual period 
is 1 day late and first-trimester sonograms establish the 
gestational age within narrow confidence limits. In spite 
of some physicians thinking vaginal birth after previous 
cesarean section means “very bad alternative to cesar- 
ean,” many patients are allowed. to labor. 

Currently it is my observation that we use fetal lung 
maturity testing more as a semiquantitative test than as 
a screening test. In cases of fetal distress we attempt to 
weigh the likelihood of RDS and the associated com- 
plications against the risk of continued in utero exis- 
tence. When we have patients experiencing preterm 
labor, our knowledge of the L/S ratio can affect the 
level of intensity of tocolytic treatment. Harvey et al.* 
have reviewed 385 patients delivered within 72 hours 
of sampling. For values between 1.5 and 2.0, 40% de- 
veloped RDS; for values <1.5, 73% developed RDS. In 
most laboratories, an L/S ratio <1.0 assures RDS. Un- 
fortunately, these numbers are variable from institution 
to institution because of the interlaboratory variability 
of the ratios. 

Almog and associates have described a technique 
with the apparent advantages of being less labor inten- 
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sive; less time-consuming, more reproducible from lab- 
oratory to laboratory, and more convenient to the ob- 
stetrician because of the smaller sample size required. 
The critical portion of this article concerns the fewer 
false positives (i.e. false immature results) in the <33 
weeks group. Fifty percent of samples were mature by 
the anionic index, yet only 28% were mature by the 
L/S ratio. Dr. Almog provides us with the hope of iden- 
tifying more of the fetuses who will not develop RDS. 
We could spare more women from what I call brutal 
tocolysis. I am referring to patient who has developed 
premature labor recurrently and may require multiple 
courses of intravenous tocolytics with all the associated 
side effects. 

To critically analyze the <34 weeks group, I think 
obstetricians would like to know more clinical details. 
What were the corresponding L/S ratios for the pa- 
tients mature by the anionic index but immature by the 
L/S? Were most 1.8 to 1.9 or were they much lower? 
Was gestation age assigned by early ultrasonography or 
by Dubowitz scores? What percentage of patients 
had received glucocorticoids to enhance pulmonary 
maturity? 

Certainly amniotic fluid analysis is not mandatory 
before all preterm deliveries. The pregnant woman 
with severe hypertension is delivered for maternal rea- 
sons. The delivery of a fetus with severe growth retar- 
dation and reversed Doppler flow in the cord is not 
going to hinge on the L/S ratio. It’s the patients at 32 
to 34 weeks requiring repetitive or intense tocolysis that 
are difficult for all of us. 

In summary, this manuscript was well written and 
targeted a clinical area where improvement is needed. 
My-only major criticism is that 40 of 96 samples were 
analyzed by the previously reported phase-partition 
procedure and lumped with 54 samples analyzed by 
the newer method. Such a change in methodol makes 
it difficult to apply statistical analysis. Nevertheless, the 
false-immature values in the <34 weeks group were 
much less frequent using the anionic index. I find my- 
self feeling like most fans of the 5-0 New Orleans 
Saints—the initial percentages are exciting, but we 
need more numbers before allowing unbridled enthu- 
siasm. 
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Dr. ROBERT C. KAUFMANN, Springfield, Illinois. The 
authors of this paper have made claims that have a high 
probability of not being true, This has occurred because 
of a study design that is at risk for a type 1 error and 
because of a lack of proper presentation and. analysis 
of data. The authors should not feel lonely, because 
this seems to be a common problem with many papers. 

The receiver-operator curves for this paper are mis- 
leading in that the scales of the x and y axes are not 
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equal. What appears to be an obvious difference in the 
receiver-operator characteristic curves vanishes when 
the scales are equalized. In fact, statistical analysis of 
these curves reveal that they are essentially identical 
with the area underneath the A-I, L-I, and L/S curves, 
0.15, 0.12, and 0.12, respectively, and the standard er- 
ror of each curve is 0.04. Therefore the receiver-op- 
erator curves do not illustrate the superiority of the 
new indices. 

In the design of this study the results of the L/S ratio 
were available to the obstetrician for use in the man- 
agement of the patient, whereas the results of the new 
indices were not available. This leads to verification 
bias, which is inherent in most studies of “new” 
methods to predict RDS. (1) Because most babies that 
have low L/S ratios will not be delivered, (2) because 
most babies that have high L/S ratios will be delivered, 
and (3) because only those cases with delivery within 3 
days of specimen collection are analyzed, there is a bias 
for delivering those infants who have negative test re- 
sults over those who have positive test results. Such bias 
causes the false-positive and false-negative rates of the 
L/S to be overestimated and those of new indices to be 
underestimated.’ By using the undelivered cases one 
can mathematically correct for verification bias. In the 
interest of time and to not totally bore the majority of 
this audience, the details of, these corrections will not 
be pursued. Suffice to say that such a lack of correction 
for verification-bias causes the conclusions of this study 
to be suspect. Those desiring to pursue this matter are 
encouraged to read an article by Hunink et al.' entitled, 
“Testing for fetal lung maturity.” 

The authors have further compounded the error of 
verification bias by an error in study design. There is 
an inequality in the number of cases and the rate of 
RDS in the cases that were analyzed by the two methods. 
There were a total of 94 cases analyzed by the new 
method, although only 78 of these were analyzed by 
the traditional L/S method. In these 78 cases the rate 
of RDS was 18% (14 cases), whereas in the remaining 
16 cases analyzed only by the new indices the rate of 
RDS was only 6% (one case). Although these rates are 
not significantly different, the addition of these 16 sam- 
ples to L/S analysis could significantly change the re- 
sults and conclusions of this study. If, in these 16 pa- 
tients, the L/S ratio correctly predicted the one case of 
RDS (the probability of correct prediction is 71%) and 
correctly predicted all of the non-RDS cases (a proba- 
bility of 78%), the L/S ratio would have statistically 
similar results as all of the new indices. Such a finding 
would cause the author to state that the new indices 
are not superior in predicting either RDS or the lack 
of it. ! 

Although I have been somewhat critical of this paper, 
I do not want Dr. Almog and his colleagues to feel 
lonely. We are having to deal with the same problems 
of study design and verification-bias in trying to de- 
velop a “new” test for fetal lung maturity in our insti- 
tution. Although little is made of it in the paper, the 
author raises a point (one we have also begun raising) 
that sometimes we want a test that minimizes the risk 
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of RDS and other times we want a test that maximizes 
. the lack of risk for RDS. The combination of the new 
indices that the author has proposed may be helpful in 
this regard. I would like to encourage the authors to 
continue to pursue this research and to try to correct 
the errors that I have elucidated. Even if the new in- 
dices are only equal to the traditional L/S ratio in pre- 
dicting RDS but they can both minimize the risk of RDS 
and maximize the lack of risk for RDS, the simplicity 
and reproducibility of the new method oe prove to 
be a valuable tool for clinical use. 
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Dr. DANIEL RIGHTMIRE, Springfield, Ilinois. I would 
like to know if the authors have any information about 
the performance of their test in the presence of me- 
conium, bilirubin, or oxyhemoglobin pigments. | 

Dr. ALMOG (Closing). The purpose of this manu- 
script was to catalyze and. encourage the use of the test 
in clinical laboratory settings. I agree with Dr. Stedman 
that the test should be studied further before it is used 
in the management of patients. I also agree that the 
most critical gestational age group is 32 and 33 weeks. 
Later on, RDS is not as important and it is not a critical 
issue in patient management. 

I thank Dr. Kaufmann for his very constructive crit- 
icism. The scales of the receiver-operator characteristic 
figure are somewhat misleading, but they do not affect 
the relative location of each curve. I did not calculate 
the areas under the curves but I am going to look into 
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it. However, the specificity and the sensitivity show that 
our test is at least as good if no better than the L/S 
ratio. 

Concerning the question of different population 
sizes, the performance of the new test, using the L/S 
ratio population, was still significantly better than the 
ratio in indicating maturity. This was also indicated in 
the slide describing the performance of both tests be- 
fore 36 weeks’ gestation. 

The bias that may result from the fact that the L/S 
ratios were known to the physicians and our test results 
were not known is a problem that anyone developing 
a new test has to face. However, both tests were per- 
formed on the same high-risk heterogeneous popula- 
tion. Each clinical complication may affect the verifi- 
cation and occurrence of RDS differently. The L/S ra- 
tio was not consulted in many cases and was one of 
many factors that were taken into consideration in the 
decision making of patient management. In this situ- 
ation verification bias analysis is complex, and the out- 
come of such analysis may not be clear. 

A question was asked about the performance of the 
test in the presence of meconium, bilirubin, or blood- 
stain. Very little was done in this area but we did analyze 
several contaminated samples and the test performed 
quite well. 

It should be noted that the test measures the amount 
of anionic phospholipids. Anionic phospholipids are 
not present, except in very small amounts, in meconium 
and blood, whereas lecithin and sphingomyelin, which 
are used in the L/S ratio, are present in these fluids. 
Therefore our test should perform much better than 
the L/S ratio, but we have not studied as many samples 
as we wish to study. 


Urinary incontinence: Correlation of history and brief office 
evaluation with multichannel urodynamic testing 


Robert L. Summitt, Jr., MD, Thomas G. Stovall, MD,’ Alfred E. Bent, MD,' and 


Donald R. Ostergard, MD® 
Memphis, Tennessee, and Long Beach, California 


OBJECTIVE: Patients’ histories of urinary incontinence and the results of several standard clinical tests 
were correlated with final diagnoses obtained by multichannel urodynamic testing. we used a combination 


of clinical test results to predict the final diagnoses. 


STUDY DESIGN: Ninety consecutive women with a primary complaint of urinary incontinence completed a 
standardized questionnaire and underwent a structured clinical examination consisting of several standard 
clinical tests. Each patient later underwent multichannel urodynamic testing to obtain a final diagnosis. 
RESULTS: Although the symptoms of stress incontinence were significantly associated with genuine 
stress incontinence and mixed incontinence, overlap in patients with detrusor instability tid not allow the 
histories to be useful diagnostically. The only clinical tests showing significant associaticn with the final 
diagnoses of incontinence were the cough stress test and single-channel medium-fill cystometry. Reliable 
prediction of the urodynamic diagnosis of incontinence could not be achieved with eithe- of these two tests 
or with a combination of variables obtained by discriminant analysis. 

CONCLUSIONS: Women with complaints of urinary incontinence, especially those for whom surgery is 
contemplated, should undergo complete urodynamic evaluation when it is available. (Am J OBSTET 


GYNECOL 1992;166:1835-44.) 
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The treatment of a female patient with a primary 
complaint of urinary incontinence is often based on 
history alone. Because history correlates poorly with 
the objective cause of urinary incontinence, therapy 
directed by a patient’s complaints can be incorrect.'® 
However, when the clinician performs an objective eval- 
uation of incontinence, he or she may be unfamiliar 
with the methods of office testing or may refer the 
patient for highly technical and expensive urodynamic 
testing. 

We present our investigation of urinary incontinence, 
in which we studied the correlation of the patients 
history and several selected widely available clinical tests 
with the final diagnosis of urmary incontinence deter- 
mined by multichannel urodynamic testing. The ob- 
jective of this investigation was to correlate the patient’s 
history of incontinence with the final diagnosis on the 
basis of urodynamic testing and to compare this uro- 
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dynamic diagnosis with results of several clinical tests 
that can be performed in any practitioner’s office. In 
addition, we attempted to make a predicted diagnosis , 
of urinary incontinence that was based on selected clin- 
ical tests, and we compared this diagnosis with that 
obtained by mult:channel urodynamic testing. Our aim 
was to determine what should be included in a mini- 
mum office evaliation and to identify those patients 
who require multichannel urodynamic testing. 


Materials and methods 


This prospective study was begun in September 1987 
at the University of California, Irvine and Memorial 
Medical Center, Long Beach, and was continued after 
July 1988 until June 1991 at the ey) of Ten- 
nessee, Memphis. 

Ninety consecutive female patients were evaluated 
for a primary complaint of urinary incontinence, T heir 
ages ranged from 21 to 76 years (mean 52.8 + 12.0 
years) and the mean parity was 3.1 + 1.8 (range 0-10). 
The racial distribution ‘showed 72 white patients 
(80.0%), 16 blacx patients (17.8%), and 2 Hispanic pa- 
tients (2.6%). At the first visit all patients gave a detailed 
history and underwent a standardized group of clinical 
tests that resulted i in a preliminary cent of i incon- 
tinence. | 

‘In ‘addition to demographic data, the history in- 
cluded a 24-hour voiding diary and a group of ques- 
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Table I. Final diagnoses for 90 patients 
determined by multichannel 
urodynamic testing 





Urodynamic diagnosis 

No incontinence 8 8.9 
Genuine stress incontinence 38 42,2 
Detrusor instability 17 18.9 
Mixed incontinence 24 26.7 
Urethral instability 2 2.2 
Overflow incontinence l 1.1 
TOTAL 90 100 


tions that were selected from our standard 
questionnaire’ to differentiate genuine stress inconti- 
nence from detrusor instability or other disorders of 
overactive detrusor function. Questions were read di- 
rectly from the data recording sheet to avoid question- 
ing bias. The questions were as follows: 

1. Do you lose urine during coughing, sneezing, or 

vomiting? 

2. Do you lose urine with walking, running, straining 

down, or changing positions? 

3. When you are passing urine, can you usually stop 

the flowr 

4. Do you lose control and pass a large amount of 

urine when you cough, sneeze, or strain? 

5. Do you always have an uncomfortably strong need 

to pass urine before you empty your bladder? 

6. Do you lose urine before reaching the toilet? 

7. How many times do you void during the night 

after going to bed? 
Questions 1 and 2 were thought to predict genuine 
stress incontinence and questions 3 to 7 were consid- 
ered to predict detrusor overactivity. 

The clinical examination and tests were based on a 
standard evaluation’ used in our urogynecology clinic 
but were structured so that clinicians could perform 
these tests in their offices with minimal equipment 
and previous instruction. The clinical evaluation in- 
cluded a catheterized urine sample used to determine 
residual volume and to perform culture, neurologic 
and pelvic examinations, a Q- Tips cotton swab test, a 
cough stress test, anda medium- fill, single-channel wa- 
ter cystometrogram. A normal residual urine result was 
defined as £50 ml. A positive urine culture was =10° 
colonies per milliliter of urine. A mild cystocele was 
defined as the descent of the anterior vaginal wall to 
the midplane cf the vagina while the patient was strain- 
ing in the lithotomy position. A moderate cystocele was 
defined as the descent of the anterior vaginal wall 
through the midplane of the vagina but not beyond the 
introitus, and a severe cystocele was defined as the de- 
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scent anterior vaginal wall outside the vaginal introitus. 
After the pelvic examination, a previously described Q- 
Tips cotton swab test was performed.* A maximum 
straining angle of =30 degrees from the horizontal was 
defined as a positive Q-Tips cotton swab test and was 
considered indicative of urethral hypermobility. The 
cough stress test was performed while the patient was 
in the standing position and had a symptomatically full 
bladder that contained at least 300 ml of fluid. The 
patient was asked to cough vigorously three times, and 
the test result was considered positive if leakage from 
the urethra was observed. A medium-fill, single-chan- 
nel cystometrogram (Endotek OM-3 Max Digital Uro- 
data monitor, Medical Engineering Corp., Racine, Wis.) 
was performed with a three-way 16F Foley catheter and 
saline solution at 38° C when the patient was standing. 
The patient was asked to cough and heel bounce at 
every 100 ml infused. Maximum bladder capacity and 
uninhibited detrusor contractions were observed. A de- 
trusor contraction was defined as a sustained pressure 
rise of >15 cm HO while the patient inhibited voiding 
and did not execute Valsalva’s maneuver. 

At least 1 week after the initial evaluation, all patients 
underwent multichannel urodynamic testing with a six- 
channel recorder (Urolab model 1106, Life-Tech, Inc., 
Houston) and microtip pressure transducers (models 
PUPC-780 and PUPC-380, Life-Tech).° If a positive 
urine culture was found at the initial evaluation, uro- 
dynamic testing was delayed until a repeat culture 
showed resolution of the infection. Static and stress 
urethral pressure profiles were obtained when the pa- 
tient was in both the supine and the sitting positions. 
Multichannel cystometry was performed when the pa- 
tient was standing. Genuine stress incontinence was de- 
fined by pressure equalization on the stress urethral 
pressure profile in the absence of detrusor activity. 
Mixed incontinence was defined as genuine stress in- 
continence and detrusor instability in the same patient. 
All terms conform to the recommendations of the In- 
ternational Continence Society unless specifically 
stated." 

Demographic data, history, and clinical testing were 
correlated with the final urodynamic diagnoses. Inde- 
pendent variables were analyzed by either the x? test 
or two-tailed Fisher’s exact test, and p < 0.05 was con- 
sidered statistically significant. The reproducibility of 
the predicted diagnoses by multichannel urodynamics 
was ‘analyzed by the x statistic.’ A k value of >0.75 
denoted excellent reproducibility and x values of 20.4 
and <0.75 denoted good reproducibility. A k value of 
<0.4 indicated poor reproducibility. 

To define a meaningful combination of information 
that would allow the most accurate prediction of in- 
continence, we used a discriminant analysis program 
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Table II. Frequencies of answers to questions thought to discriminate diagnoses of incontinence 


Patients answering “yes” (%) 





Genuine stress . Mixed Detrusor 
incontinence incontinence instability 
Question No. (n = 38) (n = 24) Significance 

1. Stress incontinence with cough, sneeze, vomiting 94.7 100“ 70.6 p = 0.003 
2. Stress incontinence with walking, running, etc. 100 91.7 52.9 p < 0.001 
3. Ability to stop urine flow 57.9 41.7 52.9 NS 
4. Large urine loss with cough, sneeze, etc. 29.0 50.0 | 41.2 NS 
5. Urgency Zonk. i 37.5 58.8 p = 0.04] 
6. Urge incontinence 76.3 91.7 94.1 SN 





NS, Not significant. 


to determine the variables. When these variables were 
obtained, the most discriminating combination was de- 
termined and was used to predict the final diagnosis. 


Results 


The final diagnoses obtained by urodynamic testing 
are shown in Table I. No statistically significant asso- 
ciation was found between age, parity, or race and the 
final diagnosis. 

To analyze individual tests and data associated with 
the most common forms of incontinence, we further 
evaluated only those patients who had a final diagnosis 
of genuine stress incontinence, detrusor instability, or 
mixed incontinence. 

Twenty-seven women studied had undergone a hys- 
terectomy. There was no significant association between 
previous hysterectomy and incontinence. Previous sur- 
gery to correct incontinence had been performed in 26 
patients. No statistically significant association was 
found between the type or number of procedures to 
correct incontinence and the final diagnosis of incon- 
tinence. l 

Responses to questions that distinguish genuine 
stress incontinence from detrusor instability are shown 
in Table II. The percentages of patients with genuine 
stress incontinence or mixed incontinence who an- 
swered “yes” to questions | and 2 were statistically dif- 
ferent from those of patients with detrusor instability. 
However, of patients with only detrusor instability, 
70.6% and 52.9% answered “yes” to questions 1 and 2, 
respectively. There was also a statistically significant dif- 
ference in the incidence of urgency between patients 
with genuine stress incontinence and those with detru- 
sor instability. The history of nocturia was not included 
in Table II because it was a continuous variable. No 
significant association was shown between the number 
of voids during the night and the final diagnosis, 

Results of the six clinical tests and their associations 
with final urodynamic diagnoses are shown in Table 


III. The only tests that showed statistically significant 
} ‘ 


associations were the cough stress test and single-chan- 
nel standing cystometrogram. The cough stress test re- 
sult was positive more frequently in patients with gen- 
uine stress incontinence or mixed incontinence, re- 
gardless of whether these groups were analyzed 
individually or together. It is of note that 17.7% of 
patients with detrusor instability demonstrated urine 
loss when they coughed. Uninhibited detrusor con- 
tractions during single-channel medium-fill cystometry 
were strongly associated with a final diagnosis of de- 
trusor instability and/or mixed incontinence. However, 
10.5% of patients with genuine stress incontinence had 
a positive screening cystometrogram. No statistically 
significant association was noted between the final di- 
agnosis and a moderate to severe cystocele or urethral 
hypérmobility. 

The ability of a predicted diagnosis that is based on 
the cough stress test result and the single-channel cys- 
tometrogram to be reproduced by multichannel uro- 
dynamics is shown in Table IV. Good (but not excellent) 
reproducibility between predicted and final diagnoses 
was determined bv k value of 0.615. No patient with a 
predicted diagnosis of genuine stress incontinence was 
found to have only detrusor instability on urodynamic 
testing, but 17.9% did have mixed incontinence. No 
patient with a predicted diagnosis of detrusor instability 
was found to have genuine stress incontinence after 
urodynamic evaluation; however, 6.7% of those pa- 
tients had mixed incontinence, and in another 13.3% 
no incontinence could be demonstrated. Urodynamic 
evaluation indicated that 50% of patients predicted as 
having no incontinence had etiologic factors for urine 
loss. 

Discriminant analysis of the predictive data produced 
a function composed of six variables. The following six 
variables, in combination, were judged as discriminat- 
ing: question 1, question 2, question 6, a history of one 
or more incontinence procedures, the cough stress test 
result, and the single-channel cystometrogram. In their 
most discriminating combination the best prediction of 
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Table III. Results of clinical tests in 79 patients undergoing multichannel urodynamic testing 


Final diagnostic groups with positive clinical test results (%) 


Genuine stress 


incontinence 
Clinical test (n = 38) 
Urine culture >100,000 coloniss/ml 5.3 
Moderate to severe cystocele 44.7 
Residual urine >50 ml 10.5 
Positive cough stress test result 89.5 
Positive Q-Tips cotton swab test result 84.2 
Evidence of detrusor instability on -0.5 


standing cystometrogram 


NS, Not significant. 





Table IV. Reproducibility between predicted'diagr.osis, determined by cough stress test and single- 


channel cystometrogram, and final urodynamic diagnosis 


No 


incontinence 





Predicted diagnosis 


No incontinence (n = 10) 5 
Genuine stress incontinence (n = 39) l 
Mixed incontinence (n = 23) 0 0 
Detrusor instability (n = 15) 2 


A « value of 6.615 indicates good reliability {p < 0.001.. 


genuine stress incontinence reached 89.5%. The best 
combinations of these variables that accurately pre- 
dicted mixed incontinence or or:ly detrusor instability 
reached 66.7% and 76.5%, respectively. 


Comment 


The aim of this study was to analyze the association 
of a patient’s history and a group of predictive clinical 
tests with a finel diagnosis of urinary incontinence de- 
termined by multichannel urodynamics. We hoped to 
provide the clinician with a practical and accurate 
method of evaluating patients with urinary inconti- 
nence and defining those patients who should undergo 
more extensive urodynamic testing. We found that a 
patient’s history correlated poorly with the final diag- 
nosis of incontinence. Only two clinical tests, the cough 
stress test and single-channel cystometrogram, pro- 
vided reliable predictive information. Even so, repro- 
ducible prediction of urinary incontinence was not žl- 
ways possible with these two tests or a derived group 
of discriminant variables. 

The patient’s history has repeatedly been shown to 
be an unreliable predictor of the underlying cause of 
urinary incontinence.'* Walters and Shields? and Caz- 
dozo and Stanton’ showed a strong association between 
the symptom of stress incontinence and the final di- 


Mixed _Detrusor 
incontinence instability 
(n = 17) Significance 
8.3 5.9 NS 
50.0 70.6 NS 
8.3 17.7 NS 
91.7 17.7 p < 0.001 
91.7 76.5 NS 
70.8 88.2 p < 0.001 
Final urodynamic diagnosis 
Genuine stress Mixed Detrusor 
incontinence incontinence instebility 
(n = 17) 


3 30.0 0 0 2 20.0 
3] 79.5 7 17.9 0 0 

4 17.4 16 69.6 3 13.0 

0 0 l 6.7 12 80.0 


agnosis of genuine stress incontinence. However, ap- 
proximately 72% and 50%, respectively, of their pa- 
tients with detrusor instability complained of stress in- 
continence. Our findings are very similar to those just 
cited. In addition, 76.3% of our patients with genuine 
stress incontinence related a history of urge inconti- 
nence. The patient’s history must be highly sensitive 
and specific to be a reliable diagnostic tool. We have 
shown poor specificity of the history in predicting the 
cause of urinary incontinence. The patient’s history is 
not useful diagnostically as a result of the high degree 
of overlap in findings among the various forms of in- 
contmence. Obviously, the major fear of using the his- 
tory to diagnose incontinence is that unnecessary sur- 
gery will be performed. Rather, the patient’s history 
should be used to guide the subsequent evaluation pro- 
cess and to serve as a measure of the patient’s disability.’ 

We found that many commonly performed objective 
clinical tests are of little diagnostic value. A urinary tract 
infection or a residual urine value of >50 ml was not 
associated with any particular diagnosis. However, 
these tests should always be a part of the evaluation of 
a woman who has lower-urinary tract symptoms. In- 
vestigation in the presence of a urinary tract infection, 
especially with invasive techniques, could worsen a pa- 
tient’s condition. A residual urine value can contribute 
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to the investigation of overflow incontinence and may 
be predictive of postoperative voiding difficulty, al- 
though our data are insufficient to support this. A mod- 
erate to severe cystocele and the Q-Tips cotton swab 
test, which are the clinical measures of anatomy, were 
not predictive of incontinence. Although a large cysto- 
cele has been associated with genuine stress inconti- 
nence, we found that it occurred more commonly in 
our patients with detrusor instability, although this oc- 
currence was not statistically significant. In addition, 
there was no significant difference in the incidence of 
urethral hypermobility among any of the diagnostic 
groups. However, when the Q-Tips cotton swab test was 
originally described, its function was never diagnostic.” 
Rather, recent data support its value as a predictor of 
success with surgery to correct incontinence.® ® 

The cough stress test and standing single-channel 
medium-fll cystometrogram were the only clinical tests 
statistically associated with final urodynamic diagnoses. 
This is supported by the findings of Fischer-Rasmussen 
et al., who found that the cough stress test and cys- 
tometrogram were the most predictive of a battery of 
tests used to diagnose urinary incontinence. In spite of 
the statistical significance that was demonstrated in our 
study, the overlap in positive results brings the clinical 
ability to distinguish diagnoses into question. In 18% 
of patients with detrusor instability a cough stress test 
result was positive, and almost 10% of patients in the 
groups with genuine stress incontinence and mixed in- 
continence did not have leakage when they coughed. 
Again, the danger of basing the diagnosis on this test 
alone 1s that its results may indicate unnecessary sur- 
gery. Performing cystometrography most certainly re- 
duces this potential. However, the single-channel cys- 
tometrogram is subject to false-positive results, and cys- 
tometry may not indicate the diagnosis of detrusor 
instability. Repetitive testing with single-channel cys- 
tometry improves diagnostic accuracy. 

When we used the cough stress test and single-chan- 
nel cystometrogram together to make a prediction of 
incontinence, we reduced the potential for inappro- 
priate surgery: No patient with a predicted diagnosis 
of genuine stress incontinence had a diagnosis of de- 
trusor instability after urodynamic testing. However, 
the overall reproducibility of our predicted diagnoses 
was limited. When we used a combination of variables 
obtained by discriminant analysis, we achieved no im- 
provement in the reliability of predicting a diagnosis 
of incontinence. One assumption made during this 
study was that multichannel urodynamics always pro- 
vided a correct diagnosis. To assume that urodynamic 
testing is infallible is naive. Constraints set by a labo- 
ratory environment may not allow the demonstration 
of urine loss that occurs when a patient is uninhibited 
in her own home.® This can result in false-negative 
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diagnoses, especially that of detrusor instability." A 
diagnosis of genuine stress inconiinence that is based 
on urethral pressure profilometry has been ques- 
tioned.'® '? Richardson” suggested that excessive ure- 
thral hypermobility may result in false pressure equal- 
ization during coughing. However, in most instances 
genuine stress incontinence may be validated with a 
stress urethral pressure profile.* * In our group of lim- 
ited diagnostic techniques, multichannel urodynamics 
remains a valuable and accurate tool. 

We have shown that the patient’s history alone is 
unreliable in making a diagnosis of urinary inconti- 
nence. The use of specific office tests improves the re- 
liability of a predicted diagnosis. However, when almost 
complete accuracy is necessary to avoid inappropriate 
therapy, it is our opinion that patients with complaints 
of urinary incontinence should, when available, un- 
dergo multichannel urodynamic testing. This is ex- 
tremely important when surgery is contemplated. 

Alternatively, for patients in whom the cough stress 
test is negative and a single-channel cystometrogram 
demonstrates detrusor instability, an initial trial of med- 
ical or behavioral therapy is acceptable. Urodynamic 
testing may be performed later if the patient fails to 
show improvement. 

For the clinician who does not have the technical 
assistance of multichannel urodynamic testing, the of- 
fice evaluation process that we have described, espe- 
cially with a cough stress test and cystometry, should 
be mandatory. Improvement in urodynamic techniques 
is still needed and may be supplemented by videocys- 
tourethrography and pad testing. Further investigation 
is necessary. 
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Discussion 


Dr. JEFFREY L. CORNELLA, Scottsdale, Arizona. The 
correlation of diagnosis made by sophisticated urody- 
namic studies versus that made Ey office evaluation is 
worthy of continued study. Inappropriate diagnosis or 
unnecessary testing 1s costly in several respects. The 
objective of testing is to avoid incorrect patient treat- 
ment. This study correlated multichannel urodynamic 
testing with symptom survey and office testing. The 
authors may be commended for z well-designed study 
and statistical analysis, yet several problems exist in 
making these comparisons with our present technology. 
The authors recognized that urethral profilometry 
and dynamic pressure equalization may not be consid- 
ered a gold standard in these comparisons. If one com- 
pares two inaccurate tests, how ere the results to be 
interpreted? This study defines stress incontinence in 
the advanced testing group as dynamic pressure equal- 
ization in the absence of detrusor contraction. This may 
induce false-positive results. As Richardson’ has noted, 
a telescoping urethra when the patient is straining may 
move relative to the microtransducer. 

Select patients who have otherwise normal] urethras 
but who demonstrate descent witk stress incontinence 
benefit from routine operation. Current understanding 
of pressure transmission ratios, waich are directly re- 
lated to dynamic equalization, indicates the usefulness 
of these ratios in predicting the degree of surgical suc- 
cess postoperatively, but they cannot be used to differ- 
entiate preoperative leak versus nonleak profiles.* Di- 
agnosis should be limited to those who have overt urine 
loss in the absence of a contracting detrusor. 
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In addition, in patients with detrusor instability the 
diagnosis may not be manifest on a given cystometro- 
gram. Ambulatory testing may improve the percentage 
of patients who receive an accurate diagnosis. Contin- 
uous ambulatory monitoring studies often reveal a 
higher incidence of unstable bladder contractions than 
do isolated cystometrograms.® 

This article follows the standard International Con- 
tinence Society’s definition of the requirement of a 15 
cm H:O contraction for the diagnosis of detrusor in- 
stability. When detrusor instability is compared with 
symptoms, 15 cm H,O has been demonstrated to be 
artificial. Coolsaet et al.* investigated women with blad- 
der instability and/or stress incontinence. Subthreshold 
instability was noted to correlate with the symptoms of 
urgency. Eighty-seven of 334 patients studied had sub- 
threshold contractions. Only 7% of this population had 
an asymptomatic history of freedom from urgency in- 
continence and frequency of urgency sensation. The 
correlation of testing results and symptoms was much 
higher in these studies. 

Venrooij et al.° have also noted a difference in the 
diagnosis of detrusor instability made by diuresis cys- 
tometry in comparison with that made by retrograde 
filling. Higher levels of instability were noted with di- 
uresis filling, which suggests a relationship to anteced- 
ent flow through the ureter that aids the demonstration 
of detrusor instability. 

The questions in this survey were similar yet different 
from those asked by Walters and Shields.® Future sur- 
veys with multiple discriminatory questions may be 
more predictive and may establish surveys that can be 
used in subsequent studies. Few surveys have been stud- 
ied objectively. Future studies may establish the use of 
history as a predictor of diagnosis to a greater extent. 

It was noted that 88.2% of patients with a final di- 
agnosis of detrusor instability had a positive test result 
from a standing cystometrogram. In a previous study 
by the Long Beach group’ that compared the standing 
cystometrogram with multichannel urodynamic test- 
ing, it was found that only 59.3% of those with a final 
diagnosis of detrusor instability on multichannel testing 
had detrusor instability on standing single-channel cys- 
tometry. These results, which use the same methods in 
the same institution, vary. 

In addition, it has been demonstrated that patients 
who have severe cystocele may have kinking of the ure- 
thra, which prevents demonstration of stress urinary 
incontinence. As the prolapse is reduced, the patient 
manifests this diagnosis. This has been demonstrated 
by Richardson et al.* and by other investigators. The 
number of patients with severe cystocele was not noted 
in the article and it was not evident whether these pa- 
tients had a reduction of the cystocele at any point 
during testing for possible stress incontinence. Perhaps 
some of these patients had urine loss at home from 
coughing, laughing, or sneezing as the prolapse re- 
ceded; this may not have been noted on multichannel 
testing without manual reduction. 

The statistical analysis in this article appears to be 
very appropriate. However, the origin of the statement 
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“The prediction of genuine stress incontinence reached 
89.5%” is unclear. This article also states that 17.6% of 
patients with a final diagnosis of detrusor instability had 
urine loss when they were coughing, which could be a 
secondary effect of a concomitant contraction. It would 
be interesting to know the correlation of detrusor in- 
stability on multichannel testing in this group. If this 
correlation is not high, it also reflects the difficulty of 
making these determinations. 

It is my impression that this article is an important 
contribution to the body of investigation on the ques- 
tion of the reliability of patient history and various test- 
ing modalities in the diagnosis of urinary incontinence. 
Thorough and sophisticated testing remains an essen- 
tial component of patient evaluation. However, it is also 
my impression that we cannot conclude that office eval- 
uation and history do not have significant predictability 
of diagnosis. Additional studies are needed as we in- 
crease our understanding and advance urodynamic 
technology. 
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Dr. LANE J. MERCER, Chicago, Illinois. It is often 
difficult for a practicing physician to determine the 
standard of care for making a diagnosis or performing 
surgery. This is especially true in the preoperative eval- 
uation of a patient with urinary incontinence. Although 
multichannel urodynamic testing has been shown to be 
the most reliable preoperative predictor of successful 
postoperative surgical correction of stress urinary in- 
continence, this technique remains expensive and is not 
readily available to all practitioners. Indeed, many ex- 
perienced clinicians state that they can diagnose gen- 
uine stress incontinence from the patient’s history and 
physical examination. With these diagnostic methods 
they can limit the referrals for multichannel urody- 
namic evaluation and can save the patient an invasive 
procedure, reduce medical costs, and increase patient 
convenience. However, these anecdotal data have not 
been supported by studies. 
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In 1978 Dr. Stuart Stanton stated, “In order to make 
the correct diagnosis (of stress incontinence) the clini- 
clan must rely on a thorough history and clinical ex- 
amination aided by shrewd selection of the appropriate 
investigations.” However, Dr. Stanton was unable to 
delineate exactly which were the appropriate investi- 
gations to be performed. Several authors attempted to 
outline more clearly the appropriate history and pro- 
cedures necessary to ensure the accuracy of the diag- 
nosis of incontinence: In 1975 Farrar et al.* reported 
that 96.4% of patients with a history of stress inconti- 
nence had stable bladders by urodynamic evaluation 
but that 89% of those who complained of urge incon- 
tinence had evidence of unstable bladders. Later work 
did not support this. In 1980 Cardozo and Stanton’ 
showed that only 38% of women with detrusor insta- 
bility reported urge and that nearly half of the women 
who complained of stress incontinence had unstable 
bladders; this praves that the patient’s history was 
highly unreliable as diagnostic information. 

In 1982 Kauppila et al.* reported a detrusor insta- 
bility score that used multiple questions thought to be 
relevant to the diagnosis of detrusor instability. The 
higher the score, the more likely the presence of de- 
trusor instability and the less likely that surgical treat- 
ment could correct the incontinence. Indeed, those au- 
thors were able to predict 90% of the successful surgical 
corrections. 

In 1988 Sand et al.* found that only 86.9% of the 
patients who complained of stress incontinence had 
genuine stress incontinence, although 36.6% who com- 
plained of urge or urge incontinence had detrusor in- 
stability. In the same year Walters and Shields? used 
history and the physical finding of a moderate to large 
cystocele to achieve a 100% sensitivity for genuine stress 
incontinence. However, the specificity was only ap- 
proximately 22%. However, this ruled out 96% of other 
urologic disorders. 

In their article the authors considered many historic 
and objective criteria to determine their correlation 
with the ultimate diagnosis of urinary incontinence 
made by multichannel urodynamic testing. Indeed, the 
ability to correlate these commonly and easily per- 
formed outpatient test results and history question- 
naires with urodynamic evaluation was only poorly to 
moderately successful. However, they put forth a num- 
ber of questions that may help clarify that correlation 
and may make it more clinically useful. 

In this study surgery to correct incontinence had 
been performed in 26 patients. What type of surgery 
was performed in these patients, and did the type of 
surgery correlate with the type of incontinence found 
later? As most will agree, patients with recurrent in- 
continence or with complex histories of incontinence 
deserve multichannel urodynamic evaluation. Is it ap- 
propriate to include these patients in this study, which 
is more applicable to primary incontinence? Although 
no statistical difference was found between the indi- 
vidual diagnosis and the patient’s age, it is well recog- 
nized that older women more frequently have uncon- 
trolled bladder contractions, the relevance of which is 
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unknown. Therefore was there a statistical correlazion 
among the age of the patient, the presence of uncon- 
trolled bladder contractions, and the diagnosis of a 
mixed disorder? | 

In the patients studied more than a week passed be- 
tween the initial testing and subsequwnt multicharnel 
urodynamic testing. Detrusor instability is known to be 
intermittent and is perhaps suppressed or provoked by 
the anxiety of the first test. How much time elapsed 
between the first testing and the subsequent full uro- 
dynamic evaluation, and do the authors think that this 
may be relevant to the poor predictive value for detru- 
sor instability. l 

The authors place equal weight on all the tests znd 
questions presented. Would a weighted scale or a lo- 
gistic regression analysis be mcre appropriate in zhe 
development of a formula to predict the final urody- 
namic diagnosis? Also, therë are no obvious internal 
controls in the questionnaire to. €nsure adequacy or 
reproducibility of the ‘patients’ respoiises to the ques- 
tions. Would not such:an internal contro! be more use- 
ful with histori¢ data? ` 3 

Finally, ` as a result of. this early work what is rec- 
ommended as the appropriate preoperative evaluation 
for a physician in a clinical setting who has a patient 
presenting with symptoms consistent with stress incon- 
tinence and findings of anterior vaginal wäll prolapse? 
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Dr. SUSAN R. JOHNSON, Iowa City, 1 Iowa. I think that 
this type of technology assessment is important. Several 
of the participants in the discussion mentioned cost, 
and I wonder if the authors have taken their data one 
step further and looked at a cost-benefit analysis that 
would compare thé outcomes of those who undergo 
surgery and those who do not as a result of this 90% 
predictive ability? - 

This would involve, for example, comparing the cost 
of performing only ‘simple tests in 100 women, which 
would result in 10 unnecessary operations versus the 
cost of performing multichannel testing in ‘all 109 
women, which would. eliminate those 10 unnecessary 
operations by means ‘a testing that is more sophisti- 
cated. > l 
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R. JOHN O.L. DELANCEY, Ann Arbor, Michigan. I 
would like to raise a philosophic question. The under- 
lying assumption of many laboratory evaluations of uri- 
nary incontinence is that the cystometrogram reliably 
detects detrusor instability. As Dr. Cornella mentioned, 
we have realized that this is not at all the case. 

_ A physical examination can be used to evaluate stress 

urinary incontinence. The entire framework of deter- 
mining whether a patient has mixed incontinence or 
detrusor instability tests on the accuracy of the cysto- 
metrogram in the detection of detrusor instability. I 
wonder whether we shouldn’t examine the fundamen- 
tal assumption that a cystometrogram is an accurate 
diagnostic test. 

A diagnostic error can be made if a 10-minute cys- 
tometrogram is used to exclude the diagnosis of stress 
urinary incontinence in an intelligent woman who de- 
scribes an episode of detrusor instability and who has 
a negative cystometrogram. 

Dr. MICKEY KARRAM, Cincinnati, Ohio. I just. want 
to reemphasize the point that discussants are making 
about detrusor instability. 

The most recent International Continence Society 
recommendations and definitions no longer use a cut- 
off of 15 cm H,O to define detrusor instability. The 
current definition is any increase in true detrusor pres- 
sure that is believed not to result from bladder com- 
pliance. A significant number of patients will have 
symptomatic urgency and urge incontinence but will 
not have rises of 15 cm H,O. I am wondering why the 
current and most recent definition was not used in this 
study. 

The second point concerns the use of a cutoff level 
of 30 degrees to define a positive or negative Q-Tips 
cotton swab test. No data in the literature support this, 
and I think that it is much better to describe bladder 
neck mobility by simply stating the straining angle. 

Finally, the patients who had had previous surgery 
and recurrent stress incontinence are a separate group 
because the clinician must define or identify their con- 
dition and must also determine the type of stress in- 
continence (anatomic or sphincteric). Could the authors 
comment on this? 

Dr. JoserH C. SCOTT, JR., Omaha, Nebraska. I am 
curious about the degree-of anatomic defects in this 
patient population. I know that the authors are prob- 
ably limited as to the information they can present, but 
it would be helpful if they could comment on the se- 
verity of the anatomic defects in this group of patients. 

Dr. Summitt (Closing). I knew that this topic would 
generate a significant amount of discussion. Whether 
I am equal to my discussants or questioners will be seen 
at the end. I shall do my best. 

I'shall begin my closing discussion in the order of 
questions received. Let me first address the question of 
urethral pressure profilometry and specifically some of 
the inaccuracies that have been suggested. I hope that 
I emphasized that this is not a “definitive diagnostic 
method.” With regard to Dr. Cornella’s question about 

sires 
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two different, inaccurate methods, we are limited by 
the technology we have. We use the technology avail- 
able to us within diagnostic limitations, and we com- 
pensate for some of the inaccuracies by the use of direct 
observations. 

In our methods we considered the study by Rich- 
ardson (see reference 16 of the article), which showed 
a telescoping effect of the urethra that caused false 
positivity in pressure equalization during the cough 
profile. We do attempt to elimimate the deviation in 
pressure that occurs with movement. However, that is 
not always consistently possible, and we realize the in- 
trinsic problems with that technique. 

There also are problems when the patient does not 
cough hard enough. The patient may actually have 
stress incontinence that is not identified with cough 
urethral pressure profilometry. We attempt to repeat 
cough profiles several times during the same testing 
period to compensate for this inaccuracy. 

Now I will address the use of specific definitions in 
our study. Because primarily one investigator per- 
formed the testing, we used rigid definitions of stress 
incontinence both for office testing and in urodynamic 
testing to avoid bias. I realized from the beginning that 
this might be a problem in the article, but we avoided 
the biases that might have arisen by our knowledge of 
the patient from earlier testing. : 

_ With reference to the validity of the patient’s history, 
there are few data that show a good correlation of his- 
tory with the final diagnosis of incontinence. Patient 
history can often be misleading. I think that the history 
is valuable as a guide to the evaluation. What ‘brings 
the patient to your office is her complaint of urinary 
incontinence. Use the patient’s history as a guide to and 
a measure of the severity of incontinence. 

Now I would like to address the discrepancy in the 
cystometric findings described (88.5% accuracy with 
single-channel cystometrics) as opposed to the cysto- 
metric results (55%) in an earlier study by Sand et al. 
at the same institution. | 

The earlier study was a review in which both supine 

and standing cystometry were examined. Our study was 
a prospective evaluation with a single examiner who 
performed standing cystometry according to specific 
definitions and who correlated the cystometric results 
with the final diagnoses for which one of the other 
investigators and I had performed the multichannel 
urodynamic studies. It is my feeling that our improved 
methods probably account for the discrepancy noted. 
. Finally, { want to say that I am not discouraging the 
use of office testing, but I think that it is important to 
remember that even when the patient’s history and of- 
fice testing are used to make diagnoses there is a 10% 
to 15% inaccuracy rate in treatment that is based on 
these preliminary test results. This has been well doc- 
umented in the article by Walters and Shields. (Dr. Cor- 
nella’ s reference 6). 

In answer to Dr. Mercer’s questions about previous 
surgery, we did review the numbers of operations, 
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which ranged from one to four. There was no statistical 
correlation between the numbers of previous opera- 
tions and the final diagnoses of incontinence. We even 
considered the types of operations. The majority of our 
patients had simple anterior repairs; the second highest 
number were retropubic urethropexy (primarily Mar- 
shall-Marchetti-Krantz) procedures. There was no sta- 
tistical association between the type of prior inconti- 
nence surgery and the final diagnosis. 

We did consider the patient’s age, although I did not 
include that in the article. There was no statistical cor- 
relation between age and the final diagnosis. 
`- Are contractions clinically relevant in the group with 
mixed incontinence? I think so. There is no consensus 
about treating patients with mixed incontinence, al- 
though most recommendations concern treating detru- 
sor instability first. If involuntary contractions improve, 
the need for surgery can be reassessed. Treating de- 
trusor instability may relieve the patient’s incontinence 
so that she may desire no further therapy. In reference 
to Dr. Mercer’s question about multivariant analysis, we 
did not use that method specifically. That has been done 
by Fischer-Rasmussen et al. (see reference 6 of article), 
who found no statistical correlation between that 
method and the final diagnosis. 

In answer to the question of what to do for those 
patients for whom urodynamic testing is not available, 
I still think that according to our data, the patient’s 
history is initially valuable in guiding the evaluation 
because it delineates the patient’s problems and their 
severity. In the next step, which is clinical office testing, 
the Q-Tips cotton swab test has been valuable, not as 
a diagnostic tool but as a prognostic factor for surgery 
in certain patients. Several studies in the last 5 years 
showed that patients who have minimal mobility of the 
urethra and who also have stress incontinence may be 
at greater risk for failure with standard surgery to cor- 
rect incontinence. That may partially address Dr. Kar- 
ram's questions. I recommend that cystometrography 
be performed in addition to a cough stress test. The 
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quality assurance criteria for performing surgery in 
patients récommend that a cystometrogram be ob- 
tained and that objectivé demonstration of urine loss 
be seen. This battery of tests should be the minimum 
evaluation when urodynamic testing is unavailable. 

Now I would like to address the last questions. Dr. 
Johnson asked about the cost-benefit analysis. We have 
not examined this. Around the country, costs for mul- 
tichannel urodynamic testing range from $200 to $400. 
Office testing costs can range up to $150 for a cysto- 
metrogram. I have not compared these tests, but that 
would be an interesting analysis. 

With respect'to Dr. DeLancey’s questions about the 
cystometrogram, I think that most clinicians who per- 
form urodynamic testing realize the minimal inaccur- 
acies of .cystometry. We realize that what miay occur 
during 24 hours in a patient’s life may not occur during 
a 10-minute test in the office. Sand et al. examined 
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simple office cystometry and suggested that repetitive 
testing on several occasions may result in a diagnosis 
of detrusor instability. We are considering that in fur- 
ther investigations. 

With regard to Dr. Karram’s question about the new 
definition of detrusor instability, we began this study 
in 1987, and we used the current definition at that time. 


As I said, we tried to maintain specific definitions _ 


throughout the study period to avoid bias in patient 
evaluation. 

As far as the 30-degree cutcff for the Q-Tips cotton 
swab test, we tried to maintain specific definitions. In 
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our data analysis we did not feel as if we could accu- 
rately use various measures of angle deviation in the 
Q-Tips cotton’ swab test. We maintained the 30-degree 
definition for ease of data analysis. 

‘In answer to Dr. Scott’s question about the degree of 
anatomic defects, we again made specific cutoffs, which 
may be a problem in the article with respect to the 
analysis of the patient population. The nature of our 
patient population may have skewed the anatomic find- 
ings. The majority of our patients did not have severe 

cystoceles or significant Q-Tips cotton swab test devia- 
tions. 
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OBJECTIVES: Our objective was <o study the mechanisms of early pregnancy loss with ultrasonographic 
findings in pregnancies that terminated in repeat abortion in women with recurrent spontaneous abortion 
compared with patients with spontaneous abortion with no previous spontaneous abortion and with women 


with recurrent spontaneous abortion who had viable pregnancies. 


STUDY DESIGN: A prospective, unselected study of 83 pregnancies followed from 4 to 12 weeks of 
gestation. Weekly transvaginal ultrasonography among 43 pregnancies terminating in abortion were 
compared with 40 pregnancies ending in live birth with the Fisher exact test with a p value of significance 


assigned at <0.05. 


RESULT: A significant difference in the presence of fetal heart activity was observed at 6 weeks + 5 days 
among women who subsequently aborted when recurrent spontaneous abortions were compared with no 
history of abortion (65% and 14%, p < 0.02). Fetal pole size was small in 86% of pregnancies lost after 


fetal heart activity. 


CONCLUSION: Ultrasonographic examination at 6 weeks can diagnose impending abortion with a 
sensitivity of 85%, specificity of 93%, positive predictive value of 92%, and negative predictive value of 
87% among women with recurrent spontaneous abortion. (AM J OssteT GYNECOL 1992;166:1844-52.) 
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implantation.? Childlessness as a consequence of re- 
peated postimplantation losses has been described as a 
syndrome’ termed recurrent spontaneous abortion. Al- 
though the syndrome has been defined as three or more 
consecutive spontaneous abortions,’ a number of stud- 
ies include those with two consecutive spontaneous 
abortions. Rationale for including women with two 
spontaneous abortions is provided by the observations 
that the greatest change in risk of losing a subsequent 
pregnancy comes after two consecutive abortions,* and 
no differences in the prevalence of etiologic factors 
exist between couples with three or more abortions.’ 
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Table I. Summary of ultrasonographic findings during the first trimester of 83 pregnancies observed in 
69 women with a history of recurrent spontaneous abortion and in 14 women with no previous history 


of abortion 





Ultrasonographic finding 


No gestational sac 0 
Empty sac 0 
Fetal pole without fetal heart activity 0 


Fetal heart activity 40 10 


5 17 9 14 7 16 
8 28 4 29 12 28 
2 7 i 7 3 7 
14 48 7 50 21 49 





ASA, Recurrent spontaneous abortion; Non Ab, no history of abortion. 


Recurrent spontaneous abortion occurs in 2% to 5% 
of reproductive aged women each year.*° The etiolo- 
gies have been reported as being due to anatomic, hor- 
monal, chromosomal, and immunologic causes.’ Al- 
though recent reports suggest that immunologic causes 
account for a number of heretofore unexplained 
cases,™ the mechanisms of fetal loss are not known. 
To study the mechanisms of early pregnancy loss, 83 
pregnancies were monitored ultrasonographically dur- 
ing the first 12 weeks of gestation. This report describes 
the ultrasonographic findings of pregnancies occurring 
in women with recurrent spontaneous abortion that 
terminated in repeat abortion and compares these find- 
ings with those of spontaneous abortions occurring in 
women with no previous spontaneous abortions and in 
women with recurrent spontaneous abortion who had 
viable pregnancies. 


Material and methods 


Pregnancies. A total of 83 pregnancies were studied 
(January 1990 to December 1990) from week 4 to week 
12 of gestation. Of these 83 pregnancies, 43 terminated 
in first trimester spontaneous abortions and 40 pro- 
duced live births. A previous history of recurrent spon- 
taneous abortion was present in 69 pregnancies, and 
14 pregnancies occurred in women with no previous 
abortions. Among the 69 pregnancies occurring in 
women with a history of recurrent spontaneous abor- 
tion, 40 resulted in a viable birth and 29 ended in repeat 
abortion. An abnormal chromosome analysis was doc- 
umented in seven of the products of conception from 
first trimester spontaneous abortions. 

Ultrasonographic monitoring. Eighty-three preg- 
nancies were followed during the first 12 weeks of ges- 
tation with an ATL Ultramark ultrasonography ma- 
chine with a 5 MHz transvaginal probe (Advanced 
Technology Laboratories, Bothell, Wash.). At the time 
of each examination the gestational sac and yolk sac 
were measured in three diameters, and these mea- 
surements were averaged and recorded. The length of 
the fetal pole was measured and recorded. The pres- 


ence or absence of fetal heart activity was noted. The 
size and rate of growth of the gestational sac and fetal 
pole were compared with those expected from the last 
menstrual period (LMP), as determined by the method 
of Hellman et al.’ and Silva et al.” 

Progesterone and human chorionic gonadotropin 
determinations. At the time of each ultrasonographic 
examination, blood was drawn from the antecubital 
vein of each woman for determination of progesterone 
and human chorionic gonadotropin (hCG). These 
levels were determined by radioimmunoassay (Diag- 
nostic Products, Los Angeles). Statistical analysis was 
performed with Fisher’s exact test with a p value of 
significance assigned at <0.05. 


Results 


The overall ultrasonographic findings during the 
first trimester observed in 83 pregnancies are sum- 
marized in Table I. All 40 pregnancies producing a live 
birth demonstrated a gestational sac containing a fetal 
pole with fetal heart beat visualized on real time. 
Among the 43 pregnancies terminating in abortion, 
16% displayed no gestational sac, 28% revealed a ges- 
tational sac with no discernible fetal pole, 7% had a 
fetal pole with no observable heartbeat, and 49% dem- 
onstrated the presence of fetal heartbeat. No differ- 
ences in the frequencies ultrasonographic findings were 
observed when pregnancies in women with a history of 
recurrent spontaneous abortion were compared with 
no history of previous abortion. In addition, no dif- 
ferences in the frequency of the presence or size of the 
yolk sac were seen when pregnancies in women with a 
history of recurrent spontaneous abortion were com- 
pared with a history of no previous abortion. 

Seven of the abortuses displayed an abnormal chro- 
mosome analysis. Two chromosome abnormalities were 
found in patients with history of recurrent spontaneous 


abortion (47,XX +15, 48,XX +13 +16) and five in 


those patients with no prior abortion (69,XX, 47,XX 
+22, 45,X, 47,XX +22, 69,XXX). The abnormal 
karyotypes observed are listed in ‘Table II and the ul- 
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Table II. Chromosome analysis among seven 
abortuses displaying abnormal karyotypes 


Abnormal Obstetric 

karyotype No. diagnosis 
47, XX+22 2 Non AB 
47 XX+15 i RSA © 
48,XX+13+16 l RSA 
69,XXX 2 Non AB 
45,X H Non AB 


Non AB, No history of previous abortion; RSA, history of 
recurrent spontaneous abortion. 


Table III. Ultrasonographic findings during 
first trimester in pregnancies terminating in 
abortion in which abnormal karyotype 

was found 





Pregnancies 






Ultrasonographic findings 
No gestational sac 0 0 
Empty sac 0 0 
Fetal pole without fetal heart l 14 
activity 
Fetal heart activity 6 86 


trasonographic findings in these pregnancies are shown 
in Table III. All pregnancies demonstrating an abnor- 
mal karyotype had a fetal pole visible on ultrasono- 
graphic examination, and all but one displayed the 
presence of fetal heart activity. 

The frequency of ultrasonographic findings at spe- 
cific weeks of gestation during zhe first trimester among 
women with a history of recurrent spontaneous abor- 
tion are shown in Table IV. All pregnancies revealing 
‘no gestational sacs were diagnosed by 6 weeks of ges- 
tation. Also by 6 weeks of gestation 95% of all preg- 
nancies producing a live birth demonstrated the pres- 
ence of fetal heart activity. Table V summarizes the 
findings of a single ultrasonographic examination per- 
formed at 6 weeks + 5 days in successful and unsuc- 
cessful pregnancies among women with a history of 
recurrent spontaneous abortion and_no history of pre- 
vious abortion. A significant difference in the fre- 
quency of finding the presence of fetal heart activity 
was observed in pregnancies producing a live birth 
compared with pregnancies ending in abortion (p< 
0.00001) and in those pregnancies terminating in abor- 
tion when women with a history of recurrent sponta- 
neous abortion were compared with women with no 
previous history of abortion (p < 0.01). Among 29 
pregnancies terminating in abortion in women with a 
history of recurrent spontaneous abortion, 16 (55%) 
demonstrated the presence of fetal heart activity on an 
ultrasonographic scan performed at 6 weeks’ gestation. 
By contrast, two of 14 (14%) of pregnancies terminating 
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in abortion among women with no previous abortion 
displayed fetal heart activity at 6 weeks of gestation. 

Table VI describes the size of the fetal pole compared 
with the expected size on the basis of the LMP among 
those pregnancies demonstrating fetal heart activity at 
6 weeks’ gestation. The majority (86%) of pregnancies 
that aborted after the establishment of fetal heart ac- 
tivity had fetal poles that were <0.6 week from ex- 
pected size on the basis of the LMP. By contrast, only 
10% of pregnancies ending in live birth had fetal poles 
measuring <0.6 weeks from expected size at 6 weeks’ 
of gestation. Serum progesterone and hCG concentra- 
tions were not low among those pregnancies terminat- 
ing in abortion after demonstration of fetal heart ac- 
tivity at 6 weeks (Table VII). 

Serum progesterone and hCG concentrations in 
pregnancies from weeks 4 through 12 of gestation 
among 69 women with a history of recurrent sponta- 
neous abortion are summarized in Tables VII and VIII, 
No differences in progesterone or hCG concentrations 
were observed when these values were compared 
among women aborting their pregnancies and those 
producing a live birth. Table IX describes those preg- 
nancies in which serum progesterone concentrations 
drawn at 6 weeks’ gestation were <10 ng/ml. Fourteen 
of the 83 pregnancies (17%) studied produced serum 
concentrations of progesterone concentrations of <10 
ng/ml at 6 weeks’ gestation; nine of these 14 pregnan- 
cies (64%) occurred in women who subsequently 
aborted and five (36%) were observed in women who 
delivered a live birth. Pregnancies terminating in abor- 
tion had progesterone levels of <10 ng/ml at 6 weeks 
21% of the time. When those 14 pregnancies with low 
progesterone concentrations at 6 weeks were correlated 
with ultrasonographic findings at the same period of 
gestation, a difference between pregnancies ending in 
live birth and abortion was seen (Table X). All preg- 
nancies associated with progesterone concentrations of 
<10 ng/ml that subsequently ended in live birth had 
fetal heart activity on ultrasonographic examination at 
6 weeks, and 80% of these demonstrated sizes of fetal 
poles consistent with expected dates. In contrast, one 
of the nine pregnancies (11%) with low progesterone 
values that subsequently terminated in abortion had 
fetal heart activity documented on ultrasonographic ex- 
amination. This one pregnancy had a fetal pole smaller 
than expected size. The remaining 89% of pregnancies 
with low progesterone concentrations displayed an 
empty sac or a small fetal pole with no demonstrable 
cardiac activity at the time the low progesterone values 
were observed. 


Comment 

The ultrasonographic observations in this study help 
to describe mechanisms involved in spontaneous abor- 
tion. No gestational sac was observed in 16% of preg- 
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Table IY. Ultrasonographic findings of 69 pregnancies from weeks 4 to 12 to gestation among women 
with a history of recurrent spontaneous abortion that terminated in abortion compared with those 


producing a live birth 


C+ [Ts [Ud 
27 63 17 8 0 0 0) 


Weeks’ gestation (% pregnancies) 


Ultrasonographic finding 
No gestational sac 0 
Empty sac 73 37 83 38 6 5 16 3 
Fetal pole without fetal heart activity 0 0 0 18 38 0 26 2 
Fetal heart activity 0, 0 0 36 56 95 58 95 


Table V. Ultrasonographic findings at 6 weeks’ gestation in 83 pregnancies among 69 women with a 
history of recurrent spontaneous abortion and 14 women with no previous history of abortion 





Ultrasonographic finding 
No gestational sac 0 0 
Empty sac 2 5 
Fetal pole without fetal heart activity 0 0 
Fetal heart activity 38 95 


0 0 Q 0 0 0 
l 3 6 43 7 16 
12 42 © 6 43 18 42 
16 557 2 14} 18 42* 


RSA, Recurrent spontaneous abortion; Non Ab, no history of abortion. 


*Difference is significant (p < 0.00001). 
+Difference is significant (p < 0.01). 


nancies terminating in abortion, empty gestational sac 
in 28%, and fetal pole with absence of fetal heart activity 
in 7%. In 49% of spontaneous abortions, the pregnancy 
was lost after demonstration of fetal heart activity. The 
frequencies of these ultrasonographic findings were 
significantly different when abortions in women with a 
history of recurrent spontaneous abortion were com- 
pared with those in women with a history of no previous 
abortions at 6 weeks’ gestation. Fifty-five percent of 
women with a history of recurrent spontaneous abor- 
tion aborted after documentation of fetal heart activity 
at 6 weeks, whereas 14% of women with no history of 
previous abortion demonstrated the presence of fetal 
heart activity at 6 weeks’ gestation. 

Among all pregnancies that aborted after demon- 
stration of fetal heart activity, the ultrasonographic date 
of the pregnancy determined by measurement of the 
fetal pole was <0.6 week from expected dates on the 
basis of the LMP in 86%, suggesting that blood flow to 
the embryo was diminished. Immunohistochemical 
findings from placentas of first-trimester spontaneous 
abortions support this view in that 50% of conceptuses 
that were aborted have evidence of an increase in im- 
munopathology.'* This lesion is associated with acti- 
vated endothelial cells of fetal stem vessels. Throm- 
bomodulin disappears from plasma membranes of ac- 
tivated endothelial cells and tissue factor appears.’ 
Tissue factor activates factor VII of the extrinsic co- 


Table VI. Comparison of size of fetal pole 
with expected size on basis of LMP among 
pregnancies demonstrating fetal heart activity 






Pregnancy outcome 






Abortions 
(n = 18) 






Size expected from LMP 
20.6 wk 34 90 3 14 
<0.6 wk 4 10 15 86 


agulation pathway, leading to fibrin deposition and 
platelet-fibrin thrombi.’ Thus the fetal stem vessel en- 
dothelial surface is changed from a thromboresistant 
surface to a thrombogenic surface, and blood flow to 
the growing conceptus is diminished. Khong et al.” 
described changes in spiral arteries in placental beds 
from abortuses. The physiologic changes occurring in 
the spiral arteries from weeks 6 through 12 of gestation 
that result in increased blood flow through the utero- 
placental arteries and into the intervillous space were 
absent.'* Physiologic changes are the result of migration 


of extravillous trophoblasts from the cytotrophoblastic 


shell and tips of anchoring villi into decidua basalis 
and subsequent myometrium and migration of endo- 
vascular trophoblasts retrogradely into the walls of spi- 
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Table VII. Progesterone concentrations in pregnancies from weeks 4 through 12 of gestation among 69 
women with history of recurrent spontaneous abortion that terminated in abortion compared with those 


producing live births 


Weeks’ gestation (%) 


a Se ae ee OE 


; 
0-10 8 12 13 23 17 25 16 38 
11-20 50 33 4] 23 42 37 36 46 
21-30 19 0 24 15 24 13 31 8 
31-40 8 22 13 31 5 25 10 8 
=4] l 15 33 9 8 12 0 7 Q 


Table VIII. hCG concentrations in pregnancies from weeks 4 through 12 of gestation among 69 women 
. with history of recurrent spontaneous abortion that terminated in abortion compared with those 


producing live births 


Weeks’ gestation (%) 


Co o o l 


hCG (mIU/ml) 


51 27 


0-10,000 . 83 80 50 30 1] 51 
11,000-20,000 7 20 22 25 23 l 30 23 25 
21,000-30,000 3 0 7 8 2 20 4 12 
31,000-40,000 0 0 10 0 1] 20 13 6 

=41,000 7 0 10 17 37 0 49 26 


Table IX. Pregnancy outcome in which serum 
progesterone concentrations at 6 weeks’ 
gestation were <10 ng/ml 







Progesterone 
<1@ ng/ml 





Pregnancy outcome 


Viable 5 ‘1S 
Abortion 9 2l 
Recurrent spontaneous abortion 29 6 2I 
No history of abortion 14 Si Zl 


TOTAL 83 14 17 


ral arteries. The muscular and elastic tissue in the ar- 
terial wall are replaced by a fibrinoid material con- 
verting them into flaccid distended tubes, allowing a 
tenfold increase in blood flow. Any event that would 
diminish blood flow to the fetus through spiral arteries 
or fetal stem vessels would result in fetal starvation. 
The ultrasonographic observations of pregnancy loss 
after establishment of fetal heart activity of smaller- 
than-expected fetal poles would suggest a problem in 
fetal blood flow. Because physiologic changes in the 
spiral artery do not occur until 6 weeks of gestation 


and because the fetal pole is already smaller than the 
expected size by 6 weeks of gestation, the compromise 
in fetal blood flow most likely occurs within the fetal 


stem vessels. Evidence of fetal starvation before abor- 


tion occurs in 88% of pregnancies from women with a 
history of recurrent spontaneous abortion. 

That the mechanism of abortion after the establish- 
ment of fetal heart activity is related to deficiencies in 
fetal blood flow rather than abnormal trophoblastic cell 
function is suggested by the lack of difference in serum 
progesterone and hCG concentrations in women who 
abort compared with those who produce a live birth 
(Tables VII and VIII). Further support for the concept 
that trophoblastic dysfunction is an effect rather than 
a cause of abortion is gained from the observation that 
89% of pregnancies associated with low progesterone 
concentrations displayed the absence of fetal heart ac- 
tivity at the time the low progesterone values were ob- 
tained. 

Whatever the mechanism of the abortion, a single 
ultrasonographic examination at 6 weeks of gestation 
can be used to predict pregnancy outcome. Among 
pregnancies that abort, 58% have absent fetal heart 
activity at 6 weeks (empty sac or fetal pole without fetal 
heart activity) (Table V). Of the-42% of pregnancies 
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US at 6 weeks 
' (n = 83) 
as FHT FHT 
(n = 27) (n = 56) 
AN l 
Viable Loss Size < .6 wks Size > .6 wk 
(n= 2) (n= 25) (n= 19) (n = 37) 
7% 93% Fé \ / N 
Viable Loss Viable Loss 
(n=4) (n=15) (n=34) (n=3) 
21% 79% 92% 8% 
Fig. 1. Correlation between ultrasonographic findings at 6 weeks’ gestation and subsequent preg- 
nancy outcome. FHT, Fetal heart activity. 
US at 6 weeks 
“(n = 69) 
No FHT FHT 
(n = 15) (n = 54) 
Viable Loss Size < .6 wks Size > .6 wk 
(n = 2) (n = 13) (n = 18) (n = 36) 
13% 87% / \ / \ 
Viable Loss Viable Loss 
(n= 4) (n= 14) (n = 34) (n = 2) 
22% 18% 94% 6% 
Fig. 2. Correlation between ultrasonographic findings at 6 weeks’ gestation with subsequent preg- 
nancy outcome among women with history of recurrent spontaneous abortion. FHT, Fetal heart 
activity. 
Table X. Correlation between ultrasonographic findings at 6 weeks’ gestation with pregnancy outcome in 
14 pregnancies in which serum progesterone concentrations were <10 ng/ml at 6 weeks 
- Viable pregnancy Abortion 
Recurrent spontaneous Recurrent spontaneous 
abortion abortion No Aistory of abortion 
Ultrasonographic finding a x 
No fetal heart activity 0 5 ; 3 100 
Fetal heart activity 5 100 l rf 0 0 
Fetal pole 20.6 wk 4 80 0 0 0 0 
Fetal pole <0.6 wk l 20 l 17 0 0 
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that abort after demonstration of fetal heart activity, 
86% are <0.6 week than expected age on the basis of 
the LMP (Table VI). Only thrze of 43 pregnancies (8%) 
that aborted were not predicted at the time of the 6- 
week ultrasonographic examination. Thus, on the basis 
of the finding of presence or absence of fetal heart 
activity and the size of the fetal pole, 92% of sponta- 
neous abortions can be predicted by evaluating a single 
ultrasonographic examination at 6 weeks’ gestation. 

Fig. 1 outlines how a single ultrasonographic ex- 
amination at 6 weeks’ gestation can be used clinically. 
Of 83 pregnancies examined 27 (33%) had an absence 
of fetal heart activity, and 25 (€3%) of these pregnancies 
were lost. The presence of fetal heart activity in a fetal 
pole measuring <0.6.week from LMP occurred in 19 
pregnancies. Fifteen of these pregnancies (79%) ter- 
minated in abortion. Of 37 pregnancies displaying the 
presence of fetal heart activity and fetal size not <0.6 
week from LMP, three (8%) aborted. Thus in diagnos- 
ing impending abortion a single ultrasonographic ex- 
amination at 6 weeks had a sensitivity of 85%, a spec- 
ificity of 93%, a positive predictive value of 92%, and 
a negative predictive value of 87%. These values can 
also be calculated for women with a history of recurrent 
spontaneous abortion (Fig. 2). Of the 69 pregnancies 
occurring in women with recurrent spontaneous abor- 
tion, 29 ended in repeat abcrtion and 40 produced 
viable births. Ultrasonographic examination of these 
69 pregnancies at 6 weeks’ gestation revealed the ab- 
sence of fetal heart activity in 15 (22%) and the presence 
of fetal heart activity in a fetal pole measuring <0.6 
week from LMP in 18 (33%). Repeat abortion occurred 
in 13 of the 15 (87%) pregnancies with absent fetal 
heart activity and in 14 of the 18 pregnancies (78%) 
with fetal heart activity in fetz] poles measuring <0.6 
week from LMP. Thus in diagnosing a repeat abortion 
in women experiencing recurrent spontaneous abor- 
tion, a single ultrasonographic examination at 6 weeks’ 
gestation had a sensitivity of 85%, a specificity of 93%, 
a positive predictive value of 94%, and a negative pre- 
dictive value of 81% 

We conclude that ultrasonographic findings describ- 
ing mechanisms of abortion are different when preg- 
nancy losses experienced by women with a history of 
recurrent spontaneous abortion are compared with 
those with a history of no previous abortion. In addi- 
tion, a single ultrasonographic examination at 6 weeks 
is predictive of spontaneous abortion in 92% of preg- 
nancy losses. It is hoped that the information gained 
from these studies will lead to efficacious treatment and 
to better diagnosis of recurrent spontaneous abortion. 
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Editors’ note: This manuscript was revised after these 
discussions were presented. 


Discussion 


Dr. LEEBER COHEN, Chicago, Illinois. This article 
compares a small group of 14 previously nonaborting 
women who aborted with a larger group of 69 patients 
with a history of recurrent spontaneous abortion. It was 
designed to test the hypothesis that early embryogen- 
esis as evidenced by vaginal ultrasonography will differ 
between these groups. This study is important because 
it could help identify women who are at higher risk of 
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recurrent abortion. Presumably evaluation for immune 
causes of recurrent abortion could then be evaluated 
and therapy initiated. | 

The authors have two major findings. The first is 
that fetal heart activity is present more frequently (553% 
vs 14%, p < 0.02) at 6 weeks’ gestation in women with 
recurrent spontaneous abortion with another recurrent 
abortion than in a group of previously nonaborting 
women who abort. Second, they observe that fetuses 
with demonstrated heart tones that subsequently abort 
have significantly smaller crown-rump lengths than ex- 
pected 86% of the time. 

Because the authors are using two or more consec- 
utive spontaneous abortions as a definition for recur- 
rent spontaneous abortion, it might be useful to provide 
the risk rates for consecutive abortion after one, two, 
and three losses from the literature. 

The Material and Methods section doesn’t give in- 
formation on age, reproductive history, or treatment 
for infertility or reproductive loss. The control group 
of previously nonaborting women with abortions is 
quite small. In addition it is not clear where these pa- 
tients were recruited. To be able to extend any conclu- 
sions to the general population the control. group 
should include a subgroup of nonaborters with suc- 
cessful pregnancies. To elaborate on this point, the data 
presented reveal that 29 of 69 (42%) of the recurrent 
spontaneous abortion patients had repeat abortions. 
We cannot calculate the abortion rate in the previously 
nonaborting group. 

The authors need to clarify why in Table I seven of 
14 previously nonaborting aborters had fetal heart ac- 
tivity at some time during the first trimester, but only 
two of 14 of the same group had fetal heart activity at 
6 weeks in Table V. Did the other five fetuses have 
delayed appearance of the fetal heart activity and sub- 
sequently abort? Table II could be eliminated and dis- 
cussed in the text. Table III could be eliminated and 
would make an interesting topic for another article with 
larger numbers. Table. IV should be expanded to in- 
clude a group of previously nonaborting women and 
correlate the ultrasonographic findings among subse- 
quent aborted and live birth pregnancies. Table V lacks 
a column for viable births after no history of abortion. 
Table VI should be revised. Figs. 1 and 2 should be 
revised. The mean, median, and standard deviation 
measurements for normal pregnancies should be pro- 
vided. The percentages of pregnancies aborting then 
could be graphically demonstrated. A similar figure for 
recurrent spontaneous abortion pregnancies could fol- 
low. The data in Tables VII through X should be placed 
in a second article. A brief statement as to the findings 
could be referenced. 

Overall, the authors have made a potentially inter- 
esting observation. Specifically, they describe an ultra- 
sonographic finding of a small-for-gestational age 
crown-rump measurement in a fetus with fetal heart 
activity at 6 weeks that subsequently aborted. The au- 
thors’ findings suggest that this may be due to immune 
factors. 
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The findings that fetuses with small-for-gestational- 
age crown-rump lengths are at risk for spontaneous 
abortion are supported by a recent article by Nazari et 
al.! The authors might discuss the finding of Bromley 
et al.? that small-for-dates sac size is associated with 
spontaneous abortion. Similarly, they might discuss the 
report that abnormalities of fetal heart activity rates in 
the early fetus have been associated with abortion.* 
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Dr. TARIQ Sipp1qQI, Cincinnati, Ohio. The stated pur- 
pose of this investigation by Drs. Stern and Coulam was 
to “study the mechanisms of early pregnancy loss.” Al- 
though an interesting and somewhat unique investi- 
gation, the conclusions drawn from this study are open 
to question. The investigators do net define whether 
this was a prospective or a retrospective study, i.e., how 
was the study population selected? Are these 83 con- 
secutive patients of whom 69 happened to be recurrent 
aborters? If so, then a 100% abortion rate in patients 
with no history of abortion appears excessive. What 
were the inclusion or exclusion criteria? Were the pa- 
tients who had live births relatively similar to those who 
aborted in regard to maternal characteristics such as 
age, gravidity, parity, and medical or surgical compli- 
cations? If not, then we may be at risk of comparing 
apples and oranges. 

The authors also do not define whether all patients 
were serially studied from 4 to 12 weeks of gestation, 
i.e., is this a longitudinal or a cross-sectional study? 
Ultrasonographic instruments, even transvaginal trans- 
ducers, have inherent limitations such that a frequency 
of 7 MHz, the average lateral resolution is 1.3 mm. To 
this we may add the average standard deviation of 1.2 
mm of three crown-rump length readings as stated by 
Robinson! in his original article analyzing the accuracy 
of crown-rump length measurements. Also, Robinson 
himself? was concerned about the reliability of mea- 
surements <12 mm, i.e., at <7 weeks gestation. The 
authors do not provide any information regarding their 
actual crown-rump length measurements nor do they 
make a distinction between observer and observation 
differences. This information is critical to evaluate their 
data, because a single measurement at 6 weeks’ gesta- 
tion will be in a range <10 mm, and on the basis of 
published data subject to a measurement error of + 2.5 
mm. The data would be more meaningful when com- 
pared as the mean + SD crown-rump length measure- 
ments in the live birth versus the abortion groups. It 
is therefore difficult to understand why the investiga- 
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tors chose to present their data as “weeks’ gestation” 
rather than as actual crown-rump length measurements 
in millimeters. In fact, Robinson’s ability to predict ges- 
tation is subject to a limitation of +4.7-days, and 0.6 
weeks falls within this error range. Finally, there are 
no statistical methods described in the manuscript. 

As clinicians, we know LMPs are often inaccurate, 
yet these are used as'a gold standard for estimating 
gestational age in this study, with ultrasonographic 
measurements being the dependent variable. How re- 
liable are the LMPs in the study patients or are fertil- 
ization dates known to the investigators? In my opinion, 
the ultrasonographic observations are completely un- 
related to the authors’ hypothesis of fetal starvation as 
the mechanism underlying spontaneous abortion. They 
have neither performed. biopsies of the implantation 
sites ‘nor evaluated blood flow ultrasonographically to 
even speculate that blood flow is diminished in cases of 
“spontaneous abortion. In fact, seven of the abortuses 
had an abnormal chromosone analysis, suggesting 
mechanisms other than diminished blood flow. F inally, 
are the authors really suggesting that in the event of a 
slightly smaller-tchan-expected crown-rump length 
measurement at 6 weeks’ zéstation and in light of 
known technical limitations spontaneous abortion is al- 
most inevitable? 


REFERENCES 

1. Robinson HP. Sonar measurement of the fetal crown-rump 
length as a means of assessing maturity in the first trimester 
of pregnancy. BMJ 1973;4:28-31. 

2. Robinson HP. Sonar measurements in the evaluation of the 
normal early pregnancy. In: Sanders R, James E, eds. Ul- 
trasonography in obstetrics and gynecology. New York: Ap- 
pleton-Century-Crofts, 1977 108. 


June 1992 
Am J Obstet Gynecol 


Dr. STERN (Closing). This was a prospective unse- 
lected study. These patients were seen at the clinical 
office of the center from Jan. 1 to Dec. 31, 1990; we 
performed a retrospective analysis on the basis of preg- 
nancy outcome. Thé mean age of the patients was 32 
years, and the méan gravidity was 3.6. The pregnancies 
were followed starting on the fourth week of gestation 
until the end of the first trimester. All the pregnancies 
were studied with a transvaginal ultrasonography and 
blood test every week. 

The results were reported by gestational age because 
this parameter is the most commonly use in clinical 
practice. The mean length of the normal fetal pole at 
6 weeks was of 5 mm, with a range between 2 and 
8 mm. Fisher’s exact test was used for the statistical 
analysis. 

The purpose of this study was to offer the clinician 
a tool to predict fetal outcome. We agree that knowing 
the exact time of conception will allow a more specific 
test. The problem is that in the clinical setting, the 
patient does not know the date of conception. 

We grouped the patients with chromosomal abnor- 
malities in one group trying to observe a difference in 
the ultrasonographic findings. We did not see a dif- 
ference. 

Our hypothesis is that recurrent spontaneous abor- 
tions have an immunologic component that activates 
the coagulation system, clotting the vasculature of the 
placenta; this will produce inadequacy in the growth of 
the fetus, giving a small fetus. 


Acute childbirth morbidity: Its measurement using 


hospital charges 
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OBJECTIVES: An analytic descriptive analysis of acute childbirth morbidity was carried out at Duke 
University Medical Center, comparing patients delivered by primary cesarean section with those delivered 


vaginally. 


STUDY DESIGN: All primary cesarean deliveries and vagina! deliveries from July 1, 1981, through June 
30, 1986, were combined with maternal and infant charge data. A total of 7256 patients were analyzed. A 
description of the charges for the associated diagnoses was carried out. A morbidity index was used to 
identify differences in predicted median hospital charges with 95% confidence intervals. 

RESULTS: The ratio of mean primary cesarean delivery to mean vaginal delivery total charges was 2.5:1. 
The magnitude of the mean hospital charges was inversely related to the frequency of the indication with . 
the lowest charges associated with dystocia and the highest with multiple pregnancy. Antepartum risk 
factors (increased maternal age, patient referral) were associated with increases in maternal and infant 
morbidity as measured by the morbidity index. Chronic maternal hypertension resulted in decreased 
maternal morbidity but increased infant morbidity wnen primary cesarean delivery was used. Although 
preterm delivery was associated with large increases in charges, it was not significantly altered by using 
primary cesarean delivery. Risk factors associated with the management of abnormalities of labor were 
associated with deceases in maternal and infant morbidity when primary cesarean delivery was used. 
CONCLUSION: Analysis of acute childbirth morbidity, as measured by hospital charges, showed marked 
variation of diagnosis and risk-specific charges for patients delivered by primary cesarean section. (AM J 
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In the conclusion of the book Costs, Risks, and Benefits 


of Surgery,’ the authors’ first recommendation is that / 


“Appropriate studies of the effectiveness of surgical 
treatment should be carried out for selected conditions, 
particularly those where uncertainty leads to profes- 
sional disagreement.” In spite of this recommendation, 
limited information exists regarding the costs of cesar- 
ean delivery.** This study describes childbirth morbid- 
ity at Duke University Hospital by a retrospective com- 
parative analysis of maternal and infant hospital 
' charges for primary cesarean and vaginal deliveries. 
The rationale for this approach hinges on the use of 
appropriate statistical methods that can characterize 
this outcome measure. 
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Methods 


A perinatal outcome evaluation measurement should 
be a reliable, objective index that car. be ascertained in 
the perinatal period, which relates to future health and 
well-being.’ Hospital charges would appear to be such 
an index of acute morbidity severizy in that it is an 
objective measure that can be determined in the peri- 
natal period. This study explores the use of hospital 
charge data in a 5-year analysis from July 1, 1981, to 


- June 30, 1986, comparing vaginal delivery to primary 


cesarean delivery. As described in other clinical eco- 
nomic studies,” a comprehensive summary of costs ‘or 
charges is not intended. 

In a previously published paper,” the obstetric pro- 
file of patients cared for at Duke University Medical 


Center was described. Determinants of the prevalence 


of primary cesarean delivery were described as either 
major diagnostic categories or as risk factors. The hos- 
pital information system archives from July 1, 1981, to 
June 30, 1986, for both infants and mothers were 
searched for the hospital charge data and matched to 
the existing data set of clinical information with hospital 
identification codes for the mother and the date of 
delivery. 
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Fig. 1A. Distribucion of maternal charges for primary cesarean and vaginal delivery at Duke 


University from 1381 through 1986. 


Table I. Obstetric profile of infants delivered at Duke University Medical Center, July 1, 1981, through 


June 30, 1986 





Primary cesarean delivery 87 160 236 
Vaginal delivery 627 946 1261 
TOTAL (%) 


*Last 6 months of 198]. 
+First 6 months of 1986. 


Because the hospital charge data did not meet normal 
distribution requirements, transformations of the data 
were explored in an attempt to satisfy normality re- 
quirements of the general linear models statistical pro- 
cedures. These transformat:ons proved difficult. A 
nonparametric method, analysis of the ranks of the 





Total No. 


244 265 159 1151 1339 
1214 1356 701 6105 6898 
7256 (89.1) 


charges, was next used to describe differences between 
groups. A distribution-based analysis was finally used, 
a proportional hazards model assuming a Weibull dis- 
tribution of hospital charges. This seemed to fit the 
distribution of the hospital charges. Model testing was 
carried out in a random sample of the data and com- 
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Fig. IB. Distribution of infant charges for primary cesarean and vaginal delivery at Duke University 


from 1981 through 1986, 


pared with the remaining data. Predicted median hos- 
pital charges with their 95% confidence intervals for 
selected antepartum and intrapartum risk factors were 
used to compare the effects of the method of delivery 
and the risk status for selected antepartum and intra- 
partum risk factors. The data were analyzed with the 
Statistical Analysis System release 5.18 and 6.03 (SAS 
Institute, Inc., Gary, N.C.). 


Results 


Table I describes the sample of primary cesarean and 
vaginal deliveries in the study sample by year. This 
sample captured 89.1% of vaginal and primary cesar- 
ean deliveries for the period of study. A higher ascer- 


tainment would have been more likely if an account 
code would have been present in both data sets. The 
distributions of maternal and infant charges are dis- 
played in Figs. 1A and 1B. Distributions of charges by 
route of delivery for both maternal and infant charges 
are highly skewed to the right. Mean hospital charges 
for each year, type of delivery, and for both mother 
and infant are displayed in Fig. 2. Charges seemed 
stable for vaginal deliveries and for maternal charges 
for cesarean deliveries. Larger variations occurred in 
the infant charges fer cesarean deliveries. No linear 
secular trends are observed. The ratio of mean pri- 
mary cesarean to mean vaginal delivery charges was 


“2524; 
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Table II. Predicted median hospital charges in 
dollars with the 95% confidence interval for 
selected antepartum and intrapartum risk 
facters at Duke University Medical Center fom 
198] through 1986 


: Primary cesarean 
Risk factor status Vaginal €eltvery delivery 


Maternal charges 





Referral 

Absent 1696 + 39 3557 + 169 

Present 2525 + 151 5706 + 508 
Nulliparity 

Absent 1789 + 45 ng 4490 = 268 

Present 1747 + 59 “3397 + 214 
Maternal age =30 yr 

Absent 1707 + 33 3602 + 17] 

Present 2244 + D4 5454 + 465 
Gestational age <37 wk : 

Absent 1616 + 33 3275 + 152 

Present 3337 + 156 6084 + 425 
Chronic hypertension 

Absent 1723 + 33 3931 + 184 } Ns 

Present 244] + 170 4305 + 456 
Prolonged latent phase 

Absent 1770 + 33 | Ns 4017 + 180 {ns 

Present 1980 + 225 3592 + 547 
Late decelerations 

Absent 1787 + 49 {Ns 4185 + 204 

Present 1688 + 114 3281 + 293* 
Oxytocin induction 

Absent 1654 + 33 3979 + 194 bys 

Present 2334 + IH 4066 + 351 

Infant charges 

Referral 

Absent 584 + 23 1603 + 132 

Present S01 + 95 4685 + 723 
Nulliparity 

Absent 644 + 29 Ng 2206 + 238 

Present 710 + 43 1688 + 193* 
Maternal age 230 yr 

Absent 674 + 28 | ns 1955 + 174 | ns 

Present 664 + 54 3 2434 + 394 
Gestational age <37 wk 

Absent 505 + 15 998 + 7] 

Present 3739 + 257 7594 + SI 
Chronic hypertension 

Absent 664 + 26 1784 + 151 

Present 855 + 107 3724 + 732 
Prolonged latent phase 

Absent 668 + 25 212] + 173 

Present 988 + 203 1265 + 349* 
Late decelerations 

Absent 675 + 26 | Ng 2241 + 200 

Present 683 + &2 1440 + 23]* 
Oxytocin induction l 

Absent l 648 + 26 2262 + 202 

Present 8il + 65 1411] + 223* 


These predicted median charges were calculated with the 
SAS procedure Lifereg with the Weibull distributior. for hos- 
pital charges. NS, Not significant. 


*Significant reduction in charges within a given method of 
delivery. 


Fig. 3 illustrates the distribution of mean charges by 
major diagnosis with the frequency of occurrence of 
the diagnostic categories for primary cesarean delivery. 
Total charges are inversely related to the frequency of 
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Fig. 2. Mean hospital charges and ratio of cesarean/vaginal 
charges. During study period, no overall trend is demon- 
strated for mean hospital charges for either infants or moth- 
ers. Variation in charges is specifically related to changes in 
charges of infants delivered by cesarean section. 


occurrence for these diagnoses, with the highest 
charges for multiple pregnancy and the lowest charges 
associated with dystocia. Most of the variation was re- 
lated to infant charges. 

Table II lists the predicated median hospital charges 
for the fitted model and their 95% confidence intervals 
for selected risk factors that had previously been iden- 
tified as significantly affecting primary cesarean deliv- 
ery rates. The effect of the risk factor and the method 
of delivery usually significantly increases charges, with 
more profound effects for infant charges. Notable ex- 
ceptions, no significant difference, were observed for 
maternal vaginal delivery charges for nulliparous 


‘women, prolonged latent phase of labor, and late de- 


celerations. Also, no significant differences were ob- 
served for maternal primary cesarean charges for 
chronic hypertension, prolonged latent phase of labor, 
and oxytocin induction. A significant reduction in pre- 


_ dicted maternal charges was noted for primary cesar- 


ean delivery with nulliparous women and late decel- 
erations. 

Changes in predicted infant charges again showed 
significant increases with the risk factors, except for 
vaginal delivery infant charges for nulliparity and ma- 
ternal age =30 years and, late decelerations. Preterm 
delivery was associated with large increases in infant 
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charges, in spite of the method of delivery. Primary 
cesarean delivery infant morbidity was not significantly 
altered by a maternal age. =30 years. Significant re- 
ductions in infant charges for primary cesarean deliv- 
ery was noted for the risk factors of nulliparity, pro- 
longed latent phase of labor, late decelerations, and 
oxytocin induction. 

Fig. 4 summarizes the change in maternal morbidity 
for selected antepartum and intrapartum risk factors 
as a function of the method of delivery, i.e., primary 
cesarean versus vaginal delivery. The percent change 
was calculated as the ratio of the fitted predicted me- 
dian charges of cesarean delivery to vaginal delivery 
with and without the risk factor. Maternal or infant 
indices that were close to unity were interpreted as 
showing no change in morbidity, those greater than 
unity as showing increased morbidity with primary ce- 
sarean delivery, and those less than unity as showing 
reduced morbidity with primary cesarean delivery. 
Fig. 5 summarizes the change in infant morbidity 
for the same factors as a function of the method of 
delivery. 

The morbidity, as measured by hospital charges, 
shows both increases and decreases in morbidity with 
the use of primary cesarean delivery, with larger overall 
effects on infant morbidity. Mothers 230 years old and 
referral patients demonstrated increases in maternal 
and infant morbidity, whereas patients with intrapar- 
tum abnormalities (late decelerations, prolonged latent 
phase of labor, and oxytocin induction) were associated 
with decreases in maternal and fetal morbidity. Nulli- 
parity was associated with decreases in maternal and 
infant morbidity. Preterm deliveries with primary ce- 
sarean delivery did not significantly change relative in- 
fant morbidity and only slightly reduced maternal mor- 
bidity. In contrast, primary cesarean delivery for pa- 
tients with chronic hypertension significantly reduced 
maternal morbidity but increased infant morbidity. 


Comment 


Two issues are explored in this study: (1) the use of 
hospital charges as a measure of acute childbirth mor- 
bidity, and (2) the hospital charges associated with pri- 
mary cesarean and vaginal deliveries at Duke Univer- 
sity over a 5-year period. 

Hospital charges as a measure of acute childbirth 
morbidity. Childbirth morbidity can be defined as a 
continuum of outcomes that require the use of in- 
creased resources to restore the mother and infant to 
a normal state of health. It has been time limited to 
those events that affect the health of the mother or 
infant from the onset of labor to 6 weeks post partum. 
Consequently, the key to the measurement of morbidity 
is to find some measure that represents the use of re- 
sources around the time of childbirth. 
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Fig. 3. Major diagnostic categories of primary cesarean deliv- 
ery. Mean hospital charges and frequency of occurrence. The 
inverse relationship of total hospital charge to frequency of 
occurrence of major diagnostic category is demonstrated. Solid 
bar, Maternal; hatched ber, infant. 


The use of economic parameters to measure the ef- 
fects of diagnostic variables on clinical outcomes has 
been infrequent. Charges have been seen as a measure 
of process and so poorly standardized they precluded 
comparisons within or between groups. In this study 
the temporal stability of hospital charges fulfilled an 
important criterion for any measure of outcome valid- 
ity, relative secular stability. 

The statistical analysis of any economic outcome is 
limited by the distribution of this measurement and the 
typé of analysis performed. Three types of analyses are 
described in the literature,’ cost-benefit, cost-effective- 
ness, and cost identification. Each has a slightly differ- 
ent purpose. Cost identification seems to apply to this 
study of childbirth cutcomes in that it enumerates the 
charges in the provision of this service. The statistical 
methods have usually used mean costs or mean charges 
with data that, as shown in this paper, is highly skewed. 
The idenufication of a parametric model with the pro- 
portional hazards approach has not appeared in the 
literature. This approach offers the advantage of being 
able to model the effects. 

A population-based approach seems poossible in that 
most of the populaticn giving birth in the United States 
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Fig. 4. Change in morbidity for mothers with use of primary cesarean delivery. Percent change was 
calculated from predicted median charges for both mothers and infants for each risk factor. 
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Fig. 5. Change in morbidity for infants with use of primary cesarean delivery. 


does so within a hospital environment with known hos- 
pital charges. If used on a national level, standardiza- 
tion to national indexes could be used in comparisons 
between different geographic areas. 

Childbirth morbidity of primary cesarean and vag- 


inal delivery. The clinical question is the comparative 
question of the morbidity of cesarean versus vaginal 
delivery in risk-specific or disease-specific groups. Ap- 
gar scores, length of hospital stay, days on a ventilator, 
the occurrence of maternal fever, neonatal seizures, 
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and oxygen requirement are familiar categoric mea- 
sures of outcome. Disease-specific but limited tools have 
been developed. A more universal, continuous mea- 
sure, applying both to. the mother and infant, seems 
preferable over categoric measures or scores with ar- 
bitrary weighting of the variables. Cost identification 
would be such a method if it is useful in capturing the 
resources used and their relationship to future health 
status. This paper does not address the long-term im- 
plications of this charge identification but is the next 
logical step in evaluation of this measure. It should also 
be noted that hospital charges are only indicative of 
resources used and not of total perinatal cost. 

Great controversies have developed around the 
methods of childbirth, usually centered on the ques- 
tions of mortality and morbidity with little objective 
comparative data. A standardized, population-based 
parameter may help resolve the morbidity aspect of 
these difficult clinical. questions given specific risk 
factor or diagnostic information. The clinical challenge 
is to choose the method with both the lowest mortality 
and the lowest short- and long-term morbidity given 
specific risk information for both the mother and 
infant. 

This study demonstrated the utility of using hospital 
charges as a measure of acute childbirth morbidity dur- 
ing a period when the frequency of primary cesarean 
delivery was increasing. The major factor apparently 
responsible for this increase was an increasing concern 
about fetal outcome." This analysis would support the 
use of primary cesarean section for the common intra- 
partum indications. Less clear would be the use of pri- 
mary cesarean delivery for patients with. chronic hy- 
pertension and in patients with a preterm infant. An- 
tepartum risk factors affect the incidence of the use of 
the procedure and its associated morbidity. 

Because it is unlikely that prospective, randcemized 
studies will be carried out for primary cesarean delivery 
for a given diagnosis or risk factor, the strategy for 
evaluation of this technology will likely fall to compar- 
ative studies of outcome. 

The necessity of a reliable measure of morbidity 
seems obvious. Population-based studies of diagnostic- 
or risk-specific delivery procedures should be carried 
out along with longitudinal studies of long-term 
outcome of this technology. The use of these meth- 
ods could be applied to other hospital-based technol- 
ogies. 
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Discussion 


Dr. STEPHEN S. ENTMAN, Nashville, Tennessee. The 
issues that Dr. Hage raises may be the most important 
issues that will be discussed in this meeting and will 
progressively dominate all medical meetings. Although 
the current focus of attention for health care econo- 
mists relates to the unfunded and underfunded seg- 
ment of the population, it is very clear that there are 
only finite resources available for taking care of our 
population. Expenditures in one area will necessarily 
detract from the resources available for other areas. It 
is incumbent on us, as leaders within our specialty, to 
scrutinize the practice patterns that we have previously 
endorsed, many of which were initially well intended 
but have since been extrapolated beyond that original 
intent and applied. without attention to either cost or 
real benefit. Thus Dr. Hage’s quote from Dr. Bunker’s 
book relating to the effectiveness of treatment, partic- 
ularly where uncertainty leads to professional disagree- 
ment, is the critical point for the 1990s. 

Although I agree with the spirit of Dr. Hage’s topic,- 
I have some semantic and methodologic concerns about 
the way in which he developed the theme in the manu- 
script. I have 4 semantic concern about the title and 
the attempt to relate charges as an index of morbidity. 
Morbidity is defined as relating to disease or to disease 
caused by an event. It would seem to me that Dr. Hage’s 
use of the term morbidity primarily refers to the fi- 
nancial health of the individual and of society. and not 
to an index of disease state. A title such as “Financial 
implications of clinical decisions: Cesarean section” 
might be more true to the purpose. 


~ 
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I also have several questions about the methodology 
used. The first relates to Er. Hage’s use of hospital 
charges rather than hospita. costs. In my experience, 
' hospitals have charge structures that do not necessarily 
- reflect costs or even resources; there are markups that 
_are differentially calculated for different activities. Spe- 
cifically, vaginal deliveries are frequently charged with 
minimal markup, as a loss leader to draw families into 
the hospital care network. Frequently disposable items, 
-more of which are’used during a cesarean section, are 
marked up as a major profit center. Therefore, unless 
the ratio of charges to costs was consistent between the 


two modes of delivery, there may b be bias in the data as 


presented. 


_My second question relates to the possibility of: a Sys- 


tematic bias in the attrition of patient data from the 
sample, Although data were unavailable from11% of 
all deliveries, 14% ,of cesarean sections were lost com- 
pared with only 10% of vaginal deliveries. This is both 
statistically and quantitatively significant. | 

It is not clear from the manuscript how many patients 
were included in each category of risk factor for ce- 
sarean section. Was the analysis controlled for all vari- 
ables that might influence the impact of an individual 
patient on the financial data set? For example, would 
a 31-year-old nulliparous woman who was referred for 
chronic hypertension at 30 weeks and who had oxytocin 
induction with a prolonged latent phase and subse- 
quently underwent cesarean section for fetal distress 
be counted in all eight categories of risk? If so, her 
data will affect the distribution of data in every cat- 
egòry. E 
One of the risk factors noted was referral of patients. 
Some of these patients, as well as some indigenous ` pa- 
tients, probably had antepartum hospitalizations up to 
the date of delivery. Were the charges for these ante- 
partum stays removed from the data analysis? These 
charges, which could be considerable, are effectively 
independent of the decision for route of delivery. 
Therefore, it would be inappropriate to include them 
in an analysis of resources associated with cesarean sec- 
tion. Similarly, although fetal condition may influence 
the mode of delivery, neonatal charges are essentially 
independent of route of delivery. As was noted, the 
infant charges can have a significant impact on the total 
charges. Whatever point one might make about ‘the 
excessive use of resources for cesarean section can be 
significantly blunted by the magnitude of antepartum 
arid neonatal charges, both of which are governed more 
by severity of the underlying condition than by the 
delivery. 

I certainly support Dr. Hage’s attempts to address 
these issues. I would suggest ihat he apply corrections 
to the financial data to account for case mix severity 
and length of stay and to segregate.the phases of care 
and address them independently. With these correc- 
' tions, the data may normalize and allow him to express 
consumption of resources in units that may be more 
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relevant to the question: mean charges’ per day and 
mean charges per discharge. I hope that he will pursue 
this effort to improve our understanding of how costly 
our obstetric practice patterns are and to encourage us 
to confirm the real benefits of the things we do to take. 
care sig patients. : 

R. LARRY F: GRIFFIN, jnckanapoe Indiana. This 
ae EAEE examination of the relationship between 
hospital charge data and acute morbidity related to 
childbirth clearly. demonstrates the difficulties with 
which health planners are faced in attempting to pre- 
dict future health care costs. 

In 1990 Richard D. Lamb, Director of the Centér for 
Public Policy and Contemporary Issues at the Univer- 
sity of Denver, published a discussion of a number of 
economic issues that face all of us in the practice of 
medicine as we enter the next century.' Nearly 12% of 
the gross national product in the United States is spent 
on health care, and health care costs continue to rise — 
at arate far greater than for other goods and services. 
In addition, age- and sex-adjusted mortality rates have 
not decreased in proportion to this dramatic i increase 
in medical care costs. Perhaps as important is the fact 
that tax funds, either staté or federal, provide 42% 
of the nation’s health resource funds, a dramatic in- 
crease from the 26% provided in 1965. As a result, 
payors, both pr-vate and public, are closely examining — 
the manner in which health .care dollars are being 
spent. ' pan 

Reproductive related health tare constitutes 5. 5% of 
the total health care expenditures in this country.? The ` 
largest categories of reproductive-related health’ care 
expenditures are obstetric care, which comprises 46% 
of reproductive health expenditures, and infant care, 
which is another 37% of these:costs. 


To paraphrase Rashi Fein, we live ina society, not 
an economy. We must ultimately look at the larger 
canvas and decide; how do we spend limited -re- 
sources to the highest benefit?” 


We clearly are faced with a challenge. 

_ Among other. more politically sellable and (to ‘phy- 
sicians) emotior.ally appealing health care solutions, 
such as reforming tort law, is the emphasis on more 
effective uses of health care dollars. 

The American Medical Association is currently at- 
tempting to develop practice parameters in conjunction 
with many specialty societies to help to provide a yard- 
stick for appropriate types of care in certain conditions. 
Although these exercises have some theoretic benefit 
in providing pratocols for some standardized methods 
of care, many. argue that this cookbook type of medicine 
tends to breed mediocrity rather than support the in- 
novative approach that has served American medicine © 
so well. a 

More apparent, however, are the economic benefits 
to be obtained by establishing practice parameters for 
specific conditions. The issue seems not whether we 
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need to evaluate the cost T therapeutic effective- 
ness of our approaches but rather how best to do 
this.* 4 

Dr. Hage and his coinvestigators, along with others, 
have previously described significant changes in the 
rate of performance of cesarean delivery,’ as others 
have done in regard to numerous other types of in- 
vasive procedures. Clearly, the conclusions of this ar- 
ticle are useful. More important, however, is the dem- 
onstration of an approach to begin to analyze in some 
systematic, objective fashion the economic aspects of 
health care related to obstetrics and the multiple vari- 
ables that must be considered in producing a useful 
model. 

There are some limitations of the study, however. 
The failure to take into consideration over the period 
of the study the increases in charges related to inflation, 
incremental differences in the rate of change of specific 
hospital charges, changes in the length of stay for a 
given condition, and charges for outpatient services in 
addition to others bring the absolute reliability of the 
conclusions of the study into question. In addition, 
changes in the patterns of obstetric practice might be 
expected to produce different charges for the same 
diagnosis. Finally, prophylaxis for potential complica- 
tions alone may be expensive, and no attempt was made 
to assess the cost of prophylactic measures on patients 
with specific risk factors, because many of these would 
be delivered in an ambulatory setting. 

Additionally, the assessment of morbidity implies de- 
gree, yet no attempt was made to analyze indirect costs 
such as nursing care. For example, it costs an institution 
more in nursing time to take care of an ill patient than 
one who is simply occupying a bed, yet the basic charge 
for a hospital day is the same. Conversely, the most 
severe degree of morbidity, death, might be associated 
with lower hospital charges than seen in a patient with 
moderate complications. 

Asa result, lam concerned about the use of the term 
morbidity interchangeably with the concept of charges. 
This study in my opinion does not indicate they can 
reasonably be interchanged without significant con- 
fusion. 

Finally, the huge differences between cities in charges 
for the same procedure, and even between different 
institutions within the same ‘city, prevent this particular 
model from being a useful tool on a national or even 
regional basis without significant sophistication of tech- 
nique. In an individual institutional setting, however, 
there may be useful extensions. Such an analysis, for 
example, might be used as an indicator of quality as- 
surance to reflect various levels of high-risk care in 
response to the frequent justification for high cesarean 
delivery rates because of the high-risk nature of the 
patient population. 

The authors are to be congratulated and encouraged 
in their work. As increased emphasis is placed on the 
cost effectiveness of various treatment modalities, and, 
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as the development of practice parameters continues, 
accurate analysis of the economic costs of our treatment 
decisions is critical if we are to play a role in planning 
the future of health care delivery in this country. 

I do have a couple of questions for the authors. (1) 


Have you attempted to use this technique on a total 


care basis (i.e., inpatient and outpatient for a specific 
procedure and diagnosis, visiting nurses, pharmaceu- 
ticals) to compensate for trends toward early hospital 
discharge and ambulatory or home care? (2) Might not 
costs be a better indicator than charges because charges 
vary much more from institution to institution than do 
costs for providing the service? (3) How can you rea- 
sonably adjust for interhospital differences in charges, 
which have been shown to range up to 1600% mark- 
ups for some iteras in some institutions? (4) What do 
you see as the future direction of these types of eco- 
nomic studies in your institution? 
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Dr. Hace (Closing). The issue of the economic as- 
pects of care are going to continue to be an important 
part of the real world of practice, and how we respond 
is going to be very important. 

Let me address what I think is a common issue of 
both the discussants, the semantics and the meaning of 
morbidity. It’s difficult to have a clear definition of mor- 
bidity. A practical definition that I used was the in- 
creased use of resources to attempt to bring the patient 
back to a healthy state. That is a somewhat arbitrary 
definition and certainly still hypothetic. The reason for 
this definition is to attempt to encompass the costs of 
morbidity and its severity. As has been correctly pointed 
out, charges do not equal costs, so that hospital charges 
are only a proxy estimate of morbidity and morbidity 
severity. : 

Second was the question of bias because of the loss 
of patients and the method of analysis. The loss of 
information was related to the merging of two data sets 
and not from any exclusion of patients. I don’t know 
of any way to prevent that except that as data bases are 
being developed multiple unique markers of patients 
and their babies should be included 

Last, the use of hospital charges has beeen reported 
in the evaluation of the effectiveness of a perinatal in- 
tervention. Two examples are artifical surfactant 
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therapy' and the use of ®B-sympathomimetics for pre- 
vention of premature labor.* Their analysis methods 
have not been able to get around the problem of the 
skewed distributions of charges. The statistical method 
of this paper allowed the modeling of these distribu- 
ticns and the development of the morbidity index with 
the predicted median and its 95% confidence intervals. 
The utility of this method and this type of study should 
be verified at other centers and with other data sets of 
perinatal information. 
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LETTERS TO THE EDITORS 





Editors’ note: Readers may note we are publishing more Letters to the Editors 
in an effort to reduce the backlog and :mprove the publication time. 


Treatment of fetal supraventricular tachycardia 
with fiecainide acetate after digoxin failure 

To the Editors: After reviewing the interesting case re- 
port by Kofinas et al. (Kofinas AD, Simon NV, Sagel 
H, Lyttle E, Smith N, King K. Treatment of fetal su- 


praventricular tachycardia with flecainide acetate after . 


digoxin failure. AM J OBSTET GYNECOL 1991;165:630- 
1), readers may be interested in a further case of fetal 
supraventricular tachycardia treated by maternal ad- 
ministration of flecainide after unsuccessful treatment 
with digoxin that was reported in the British literature.’ 
A 26-year-old gravida 2, para 1 woman at 28 weeks’ 
gestation had fetal tachycardia >200 beats/min on rou- 
tine auscultation with a Pinard stethoscope. Feta] M- 
mode echocardiography showed a ventricular rate of 
240 beats/min with a 1: 1 atrioventricular relation. The 
heart was structurally normal, but moderate pericardial 
effusion and ascites were noted. The mother was given 
three oral doses of digoxin 500 ug every 8 hours and 
then 500 wg daily. Echocardiography showed a persis- 
tent supraventricular tachycardia in spite of trough ma- 
ternal serum digoxin levels of 1.5 ug/L and amniotic 
fluid levels of 0.2 ug/L. Flecainide 110 mg (1.4 mg/kg) 
was then given intravenously under maternal echocar- 
diography and fetal echocardiographic control. Fetal 
sinus rhythm at 120 beats/min supervened. Oral fle- 
cainide 100 mg every 8 hours was substituted for di- 
goxin treatment. Trough maternal serum flecainide 
concentration was 656 ug/L (adult therapeutic range 
400 to 1000 ug/L). The fetus stayed in sinus rhythm, 
and all traces of pericardial and ascitic effusion resolved 
within 10 days. Labor was induced at 38 weeks’ ges- 
tation. A 12-lead electrocardiogram on the 3450 gm 
female infant showed sinus rhythm with no evidence 
of preexcitation. Concentrations of flecainide in ma- 
ternal and cord plasma obtained simultaneously 5 
hours after the last oral dose were 833 and 533 wg/L, 
respectively, confirming good transplacental passage of 
flecainide. The baby remained in sinus rhythm without 
further medication. 

Martin Mills, MB 
University Department of Obstetrics & Gynaecology, Bristol Maternity 
Hospital, Bristol, England 
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Reply 

To the Editors: I thank Mills for his interest in our article. 

We are aware of his case and another case published 

by Wren and Hunter.’ Unfortunately, the JOURNAL al- 

lows only two references in brief communication arti- 
cles, and we chose the two that were most appropriate 
for our paper. 

We believe that flecainide acetate is a safe alternative 

for fetuses with hydropic changes unresponsive to di- 


goxin. Flecainide zcetate has been associated with lethal 
ventricular tachyarrhythmias in patients who received 
it to suppress arrhythmias caused by myocardial in- 
farction. Certainly we must keep this in mind for ma- 
ternal safety, but it is very unlikely that the heart of a 
healthy pregnant woman would be subject to the same 
effect. It is prudent, however, to administer this med- 
ication in a hospital setting under electrocardiographic 
observation of the maternal heart, especially when the 
medication is administered intravenously. Baseline 
electrocardiography before treatment with follow-up 
studies until therapeutic levels are achieved in the 
mother may be satisfactory in patients who receive the 
medication orally. | 
For these reasons it becomes clear that flecainide ac- 
etate should be used in the treatment of fetal supra- 
ventricular tachycardia only when other safer measures 
have failed to help the fetus. We hope that future cases 
will also be published so that we can gain more expe- 
rience with the use of this medication and increase its 
safety margin. 
Alexander D. Kofinas, MD 


Division of Maternal-Fetal Medicine, Department of Obstetrics and 
Gynecology, York Hosdital, 1001 South George St., York, PA 17405 
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Amniotic fluid glucose and intraamniotic infection: 
Sensitivity, specificity, and predictive values 

To the Editors: | read with interest the article by Kirshon 
et al. (Kirshon B, Rosenfeld B, Mari G, Belfort M. Am- 
niotic fluid glucose and intraamniotic infection. AM J 
OBSTET GYNECOL 199];164:818-20). It seems to me 
that in Table II the authors have incorrectly calculated 
the sensitivity, specificity, and positive and negative pre- 
dictive value of their data. Nine patients had infections, 
and all had amniotic fluid glucose levels <10 mg/d}; 
this implies a sensitivity of 100% and not 75% as cal- 
culated by the authors. Likewise, 27 of 30 patients with- 
out infection were correctly identified by amniotic fluid 
glucose levels >10 mg/dl, a specificity of 90% and not 
100%. Low glucose levels predicted 9 of 12 patients 
with infection, hence a positive predictive value of 75% 
and not 100%. Similarly, glucose levels >10 mg/dl cor- 
rectly predicted the absence of infection in 27 of 27 
patients, a negative predictive value of 100% and not 
90%. 
Ron Gonen, MD 


Department of Obstetrics and Gynecology, Bnai Zion Medical Center, 
47 Golombo St., P.O. Box 4940, Haifa 31048, Israel 


Reply 
To the Editors: We agree with Gonen’s findings. Table — 


II (page 819) should read as follows: 


Positive predictive values 9/12 (75%) 
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Negative predictive values 
Sensitivity 
Specificity 
We thank Gonen ‘again for his letter. 
Brian Kirshon, MD 
Division of Maternal-Fetal Medicine, Department of Obstetrics and 


27/27 (100%) 
9/9 (100%) 
27/30 (90%) 


: Gynecology, Baylor College of Medicine, 6550 Fannin, Smith 
_ Tower—9th Floor, Houston, TX 77030 
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_ Ureaplasma urealyticum resistance to 
- erythromycin: Confirmed by clinical trial 


To the Editors: The article by Eschenbach et al. (Es- 
chenbach DA, Nugent RP, Rao AV, et al. A randomized 
placebo-controlled trial of erythromycin for the treat- 


-ment of Ureaplasma urealyticum to prevent premature 


delivery. AM J OBSTET GYNECOL 1991;164:734-42) was 


_ inappropriately titled. It should have been titled “Uvea- 


plasma urealyticum resistance to erythromycin: Con- 


: firmed by clinical trial.” 


Ostensibly a megabucks clinical trial was done in- 


_ volving five medical centers with the object of: eradi- 


cating ureaplasmas in test patients versus placebo- 


- treated patients. The reference to eradication by tet- 


racycline was cited by the auen yet erythromy cin 


. was used in the study. 


Strange that not one of the 29 oe listed as either 


‘ coauthors or members of the Vaginal Infections and 


Prematurity Study Group suggested the use of anti- 


biotic susceptibility testing of the ureaplasmas before 


initiating antibiotic administration. It seems to be poor 
. medical practice to treat empirically, especially because 


. resistance to erythromycin is common among the cur- 


rent isolates of ureaplasmas in the United States. 
Our laboratory isolates and processes approximately 
5000 cultures of ureaplasmas and mycoplasmas a year 


: and does antibiotic susceptibility testing routinely: we 


have found erythromycin resistance to be so high 


‘among Ureaplasma isolates that erythromycin is never 
suggested as appropriate therapy. In our latest 1600 


consecutive antibiotic susceptibility tests of Ureaplasma 


isolates,’ 86% of the strains were resistant to erythro- 


mycin. Of 400 Mycoplasma hominis strains, 100% were 


' resistant. 


~ 


We are extremely pleased to see that our in vitro 
findings have been confirmed by in vivo trials. 
Tetracycline and doxycycline are the antibiotics of 


. choice assuming the microorganisms are susceptible 


(15% are not). Those antibiotics are not usually used 


_ during pregnancy. Ideally, therefore, the ureaplasmas 
' and mycoplasmas should be eradicated before con- 


ception. 
Ruth B. Kundsin, ScD 


| Brigham and Women’ s Hospital, 75 Francis St., Boston, MA 02115 


Herbert W. Horne, Jr., MD 


: 767 Central St., Framingham, MA 01701 


Carl W. Walter, MD 


` Harvard Medical School, 10 Shattuck St., Boston, MA 02115- 
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Reply 


- To the Editors: Since the discovery of Ureaplasma ureal- 


yticum in 1937, reports on these microorganisms have 
generated more controversy than definitive results. 
U. urealyticum are ubiquitous in the female genital tract, 
and their isolation from 70% to 80% of pregnant 


"women could even raise the question of whether they 


should be considered part of normal vaginal flora. ‘They 
are commonly isolated from the chorioamnion of 
women with chorioamnionitis. In certain settings such 
as septicemia, pneumonia, and chronic lung disease in 
premature neonates, postpartum bacteremia in women 
and nongonococcal urethritis in men, U. urealyticum has 
been associated with disease. However, given their fre- 
quency in the vagina, the attack rate for disease appears 
to be exceptionally small. 

We recently reported the results of a large National 
Institutes of Health—supported multicenter study of 
vaginal infections and prematurity in which U. urealy- 
ticum (in the vagina of 72% of >8000 women) was as- 
sociated with no increase in prematurity or postpartum 
or neonatal disease.’ It was not unexpected to find that 
the administration of erythromycin compared with pla- 
cebo for a mean of 36 days also had no effect upon the 
incidence of prematurity or postpartum or neonatal 
disease.” 

Kundsin et al. asked whether another antibiotic 
might have produced different results. Data from their 
laboratory suggest a high frequency of U. urealyticum 
resistance to erythromycin. Erythromycin was chosen 
to treat U. urealyticum in the National Institutes of 
Health study because it had previously been associated 
with a reduction of prematurity when used to treat 
U. urealyticum.? In contrast to Kundsin’s data, others 
have consistently reported that erythromycin is active 
in vitro against U. urealyticum.*° Further, erythromycin 
is one of the few drugs active against the microorganism 
that can be safely used in pregnancy. U. urealyticum is 
resistant to B-lactams because they lack peptidoglycan 
and to sulfonamides because they do not synthesize 
folic acid. As might be.expected, differences of opinion 
occur over variations in susceptibility testing, but in 
most reports 72% to 97% of U. urealyticum are consid- 
ered susceptible or moderately susceptible to erythro- 
myvcin.** In comparison, moderate to good susceptibil- 
ity has been reported to be 81% to 93% for tetracy- 
clines, 97% for chloramphenicol, 47% for clindamycin, 
and 36% for ciprofloxacin.*® Thus except for eryth- 
romycin, drugs effective in vitro are either contrain- 
dicated or too toxic for use in pregnancy. 

If U. urealyticum is inhibited in vitro by erythromycin, 
why did prolonged erythromycin treatment not elim- 
inate U. urealyticum from the vagina? Although we ad- 
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vanced numerous theories,” careful follow-up has re- 


vealed similar high-failure rates among pregnant 


women treated with erythromycin? and among non- 
pregnant women treated with tetracyclines.’ Should we 
wait for more data? In clinical practice it would be 
difficult to recommend screening or treating vaginal 
: U. urealyncum given the current data. Of course, if ad- 
ditional data become available this recommendation 
would be reevaluated. | 

David A. Eschenbach, MD, and Sharon Hillier, PhD 


Department of Obstetrics and Gynecology, University of Washington, 
Seattle, WA 981 ve 


Robert P. Nugent, PhD 


National Institute of ‘Child Health and Human Development, 
National Institutes of Health, EPS 450, Bethesda, MD 20892 
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Umbilical artery flow velocity after vibratory 
acoustic stimulation 


_ To the Editors: We read the article by Gagnon et al., 

(Gagnon R, Morrow R, Ritchie K, Hunse C, Patrick J. 
Umbilical and uterine artery blood flow velocities after 
vibratory acoustic stimulation. AM J OBSTET GYNECOL 
1988;159:574-8) with considerable interest. They con- 
cluded that the decrease in umbilical peak-systolic/end- 
diastolic ratio was the result of fetal tachycardia rather 
than a change in the placental vascular resistance. We 
agree that umbilical artery blood flow velocity decreases 
significantly after vibratory acoustic stimulation; this 
decrease coincides with the significant increase in in- 
stantaneous fetal heart rate (FHR) value. 

Our recent study (unpublished data, 1991), however, 
showed that there was.significant decrease in resistance 
index in the umbilical artery even when resistance in- 


dex was corrected. with FHR value. In our series of 476 . 


normal pregnant women there was a significant 
. (p < 0.001) difference in mean resistance index in the 


umbilical artery before vibroacoustic stimulation and - 


after stimulation. We corrected the resistance indexes 
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of both groups according | to oe value with two 
methods. 

- We selected the samples of resistance nde scents 
to the same FHR value (150 to 169 beats/min) from 


‘both groups. The mean resistance index of prestimu- 


lation samples was 0.570 + 0.071 (n = 81); that ‘of 
poststimulation: samples was 0.548 + 0.067 (n = 96). 
The significant (p < 0.001) difference remained be- 
tween two samples. The mean resistance indexes of two 
samples, however, might not reflect those of both orig- 
inal groups because these samples of both groups con- 
sisted of different cases. 

Therefore we corrected the mean resistance indexes 
of the total cases {n = 476) by means of negative cor- 
relation between resistance index and FHR value. The 
mean corrected resistance index of prestimulation was 
0.568 + 0.066; that of poststimulation was 0.547 + 
0.063.. The significant (p < 0.001) difference still re- 
mained between those two groups after correction. 

These data suggested that any causes other than fetal 
acceleration might decrease the resistance index after 


vibroacoustic stimulation. 


Yukio Nakamura, MD, Tetsuji Hashimoto, MD, and 
Yoshiharu Saito, MD 


Department of Obstetrics and Gynecology, Hirosaki University School 
of Medicine, Hirosaki 036, Japan 


Reply 
To the Editors: We thank Nakamura et al. for their in- 
terest in our article and the opportunity to discuss some 
aspects of the relationship between instantaneous FHR 
value and umbilical artery Doppler How velocity wave- 
forms. 

Our initial ‘study was designed only to determine 
whether vibratory acoustic stimulation could signifi- 


cantly alter umbilical artery Doppler flow velocity wave- 


forms. We concluded that vibratory acoustic stimulation 
decreases ‘the umbilical artery peak-systolic/end-dia- 
stolic ratio at the same time FHR increases; our data 
suggested that the changes seen in umbilical artery 
peak-systolic/end-diastolic ratio after vibratory acous- 
tic stimulation were caused by changes in FHR rather 
than changes in placental vascular resistance. Subse- 
quently, similar observations have been made by Wla- 
dimiroff and Cheung! in the fetal internal carotid ar- 
tery with the pulsatility index. However, when the pul- 
satility index -was standardized for a FHR of 140 
beats/min, the fetal internal carotid artery pulsatility 
index remained virtually unaltered. They concluded 
that vibratory acoustic stimulation did not alter fetal 
cerebral vascular resistance, but only FHR. 

Ina subsequent article we demonstrated that the re- 
lationship between FHR and umbilical artery peak-sys- 
tolic/end-diastolic ratio was curvilinear and that FHR 


had a significant effect only on the end-diastolic com- 


ponent of the waveform and not on the peak-systolic 
component. The results displayed in Nakamura et al. 
regarding the effect of vibratory acoustic stimulation 
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on the umbilical artery resistance index, after correc- 
tion for FHR being made, involved a large number of 
patients and demonstrated a modest effect (3.5% de- 
crease) of vibratory acoustic stimulation on umbilical 
artery resistance index. Our previous study involved 
only 11 women; with a coefficient of variation between 
6% and 8% during control observations, we would not 
have been able to detect such a small difference. In 
addition, with a large number of subjects it is well 
known that a small effect could be statistically signifi- 
cant but of no clinical or physiologic significance. The 
reverse is also true. With a small number of subjects, a 
large effect could be statistically insignificant but of 
high clinical or physiologic significance. 

For these reasons we maintain our initial conclusion 
that vibratory acoustic stimulation does not alter pla- 
cental vascular resistance; it only increases FHR with a 
subsequent increase in the end-diastolic component of 
the waveform. As a result of these changes in FHR any 
Doppler-derived index of vascular resistance of any 
fetal blood vessel would probzbly suggest a decrease in 
downstream vascular resistance after vibratory acoustic 
stimulation. However, interpretation should take into 
account other physiologic variables that could alter 
these waveforms, such as FHR. 

Robert a ML, Robert Morrow MD, and 
Knox Ritchie MD 


Department of Obstetrics and Gynecology, St. Joseph's H ospital, 
London, Ontario, and Mount Sinai Hospital, Toronto, Oniario, 
Canada 
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Steroids receptors in the endometrium during 
clomiphene citrate treatment 


To the Editors: In a recent article Fritz et al. (Fritz MA, 
Holmes RT, Keenan EJ. Effects of clomiphene citrate 
treatment on endometrial estrogen and progesterone 
receptor induction in women. AM J OBSTET GYNECOL 
1991;165:177-85) indicated that there has been no ef- 
fect on endometrial estrogen and progesterone recep- 
tors in luteal phase after ovulation induction with clo- 
miphene citrate 150 mg/day from cycle days 5 to 9 
compared with normal ovulatory cycles. 

We have awaited this logical observation since Aksel 
et al.' and Roennberg et al.* reported reduced levels of 
receptors after treatment with clomiphene citrate. 

We have immunohistochemically examined the effect 
of adjuvant breast cancer treatment with another an- 
tiestrogenic agent. tamoxifen citrate, 40 mg/day on the 
postmenopausal endometrium and found that it mark- 
edly induced more progesterone and estrogen recep- 
tors when compared with an untreated control group 
(unpublished data). 

This increase in progesterone and estrogen receptors 
may be caused by the partial estrogenic agonist action 
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of these antiestrogens and may explain the increasing 
risk of endometrial carcinoma in this group of pa- 
tients.° | 

The study by Fritz et al. also showed that both es- 
trogen and progesterone receptors in the late luteal 
phase were similarly reduced in both normal ovulatory 
and clomiphene citrate—stimulated cycles. Press et al.’ 
attributed this phenomenon to the suppressive effect 
on receptors associated with the increased level and 
activity of progesterone in the second half of the cycle. 

Those who noted reduced receptors after clomi- 
phene citrate in the infertile patient might have missed 
the improvement of progesterone secretion associated 
with the recruitment of more follicles in treatment 
cycles. 

That the Fritz et al. study found no change in the 
receptor status in spite of the increased level of pro- 
gesterone in the clomiphene citrate~stimulated cycle 
may represent a relative increase of receptors because 
the expected reduction of receptors did not occur. This 
finding is supported by our own observations. 

Alternatively, the findings of Fritz et al. could be 
explained by the short duration of clomiphene treat- 
ment, hence the less vigorous progesterone level and 
activity (one cycle only). The duration of treatment and 
the clomiphene citrate dose might have an impact on 
the receptor status of the endometrium.’ 

Gehad H. Shabib, MD, and Rüdiger Pittrof, MD 
Department of Gynaecology, Arrowe Park Hospital, Upton, Wirral, 
L49 SPE, England 
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Reply 
To the Editors: We thank Shabib and Pitrof for their 
interest in our work. Their immunohistochemical evi- 
dence for increased concentrations of endometrial es- 
trogen and progesterone receptor in postmenopausal 
women recetving adjuvant breast cancer treatment with 
tamoxifen is interesting and consistent with our pre- 
vious observations that estrogen receptor concentra- 
tions (as determined by quantitative immunoassay) are 
higher in breast cancer recurrences obtained from pa- 
tents receiving tamoxifen.' Indeed, increased steroid 
receptor concentrations in these patients receiving 
chronic antiestrogen therapy might be attributed to the 
partial estrogen agonistic activity ascribed to tamoxifen 
or its metabolites. Alternatively, chronic antiestrogen 
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therapy may produce increased serum levels of estro- 
genic steroids in some breast cancer patients.’ 

There are several possible explanations for our find- 
ings of similar midcycle and late secretory phase en- 
dometrial estrogen and progesterone receptor concen- 
trations in control and clomiphene treatment cycles. 
The suppressive effects of increased circulating pro- 
gesterone levels or persistent estrogen antagonism by 
residual clomiphene may have prevented any increase 
in receptor induction that otherwise might accompany 
the markedly higher estrogen concentrations after clo- 
miphene treatment. Conversely, maximal concentra- 
tions of endometrial steroid receptor may be induced 
by normal ovulatory threshold levels of estradiol; ele- 
vated estrogen levels may have offset any decline in 
receptors caused by the increase in progesterone or 
clomiphene’s antiestrogenic action. As Shabib and 
Pitroff suggest, the absence’ of a reduction in receptor 
levels after clomiphene treatment in spite of the 
marked increase in serum progesterone could also, in 
part, reflect the estrogenic activity linked to clomiphene 
or a metabolite with similar activity. 

Our data, together with those of Hecht et al.,* dem- 
onstrated that the many and competing direct and in- 
direct effects of clomiphene treatment have no net im- 
pact on midcycle, midluteal, or late luteal endometrial 
steroid receptor concentrations in normally cycling 
women. We agree that dose- and time-dependent ad- 
verse effects of clomiphene treatment on endometrial 
steroid receptor populations have not been excluded. 
Although Hecht et al. observed no adverse effects with 
either low- or high-dose clomiphene, our study clearly 
demonstrated the potential for significant systemic ac- 
cumulation of clomiphene or its metabolites after re- 
peated cycles of administration. Consequently the ef- 
fects of experimental acute clomiphene administration 
in normal women may well differ from the effects 
in anovulatory individuals who receive’ longer-term 
treatment. | 


` Marc A. Fritz, MD 
Department of Obstetrics and Gynecology, Uniformed Services 
University of the Health Sciences, 4301 Jones Bridge Road, 
Bethesda, MD 20814 
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The tip of the iceberg and the best fit in 
ultrasonographic dating of pregnancy 
To the Editors: Goldstein (Goldstein SR. Embryonic ul- 


trasonographic measurements: crown-rump length re- 
visited. AM ] OBSTET GYNECOL 1991;165:497-501) has 
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revisited crown-rump length measurements and found 
that currently used tables for dating pregnancy are in- 
valid at gestational ages of <8.5 weeks. 

Whenever a new technical device is offered to the 
medical profession new methods are developed to 
make the device a usable tool. In the early stages the 
necessary time is not always taken to assure that these 
methods satisfy the most stringent criteria. Therefore 
these methods should be considered preliminary until 
better and more biologically correct methods are de- 
veloped. . 

Admittedly, with the concomitant introduction of 
computers and obstetric ultrasonography, the fastest 
and easiest way to make dating equations was to take 
the measurements from the ultrasonogram’ and the 
supposedly good dates to a computer and try to obtain 
the best fit by using different polynomials in linear 
regression analyses. The best-fit equation became the 
dating equation used to make the tables. 

Whether the parameter was crown-rump length, bi- 
parietal diameter, head circumference, or femur, there 
was a serious problem. Because polynomials cannot be 
extrapolated it became important to include as many 
early measurements as possible to expand the useful- 
ness of the new dating equation. By measuring only 
the largest fetuses of the early population and not re- 
alizing that only the tip of the iceberg was measured 
investigators were blinded by very low random errors. 
The equations were generally accepted because the 
computers displayed excellent fits above anything seen 
in obstetrics before. Thus the “cult of the best fit” was 
born. 

Methods are, however, not evaluated by their ran- 
dom errors. The systematic errors created by the se- 
lection of only the largest measurements in early preg- 
nancy had to be balanced by an opposite systematic 
error later in pregnancy by the analytic method. 

With an abdominal transducer and patient material 
with known date of ovulation examined and analyzed 
longitudinally, biologic (linear) dating curves were 
made for the gestational sac, crown-rump length,’ bi- 
parietal diameter, mean head diameter,’ and femur 
length. Made before the general introduction of vag- 
inal probes, these simple dating functions have proved 
to have full validity for measurements even before a 
gestational age of 6 weeks. Because of the rapid growth 
of the crown-rump length, the almost C-shaped curve 
of the fetus will not reduce the assessment of gesta- 
tional age by >1 or 2 days, well within the variability 
limits. 

Ivar K. Ressavik, MD, PhD 


Department of Obstetrics and Gynecology, University of Oklahoma, 
P.O. Box 26901, Oklahoma City, OK 73190 
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Reply 
To-the Editors: Rossavik’s work in statistical sales rel- 
ative to pregnancy dating is well-known and respected, 


as is evidenced by his reference list. I am compelled, 


however, to make. the following statements: 

(1) The opinion I expressed was that use of the ter- 
minology “crown-rump length” is inappropriate before 
long-axis measurement of 18 to 22 mm when a true 
crown and rump are discernable.’ 

(2) The appreciation of the correct anatomic struc- 
tures and appearance can only enhance the accuracy 
and scientific appropriateness of current or future mea- 
; surements, especially in light of newer highly magnified 
endovaginal proves and the ‘ BODO ON ODY- they 
afford. í 

(3) Rossavik states that “because of rapid growth of 
the crown-tump length, the almost C-shaped curve of 
the fetus:will not reduce the assessment of gestational 
age by >1 or 2 days, well within the variability limits.” 
When compared with Robinson and Fleming? our data 
_ suggest an increase in gestational age by 2 to 3 days’ 
(presumably caused: by the new understanding, and 
thus careful noninclusion, of the adjacent yolk sac). 
Although this is within variability limits, the effect is to 
shift the mean ' (and thus the entire confidence limit). 


Steven R. Goldstein, MD 


New York University M edical Center, 530 First Ave., Suite 5E, New 
York, NY 10016. 
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Hydroxyurea and pregnancy 

To the Editors: Patel et al: (Patel M, Dukes IAF, Hull JC. 
Use of hydroxyurea in chronic myeloid leukemia dur- 
ing pregnancy: a case report. AM J-OBSTET GYNECOL 
-1991;165:565-6) reported a patient with chronic mye- 
loid leukemia in whom hydroxyurea was used during 
pregnancy with a successful outcome for both mother 
and fetus. We would like to report a similar observation 
of a woman with chronic myeloid leukemia who was 
administered hydroxyurea at conception and thróugh- 
out pregnancy. 


‚Hyper leukocytosis was found during the course of a bio- 
logic assessment in a 30-year-old woman who complained of 
sterility. Chronic myeloid leuzemia was diagnosed in August 
1984. Results of the Philadelphia chromosome test were pos- 
itive. None of her siblings were histocompatible and hydroxy- 
urea was given. (i to 2 gm/day) while the search for.a an un- 
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related bone marrow donor was initiated. Four years later the 
patient became pregnant. After receiving precise information 
about the potential fetal risk of hydroxyurea treatment and 
about the prognosis of her disease, she eagerly refused a ther- 
apeutic abortion.. During pregnancy hydroxyurea could not 
be discontinued in view of dose-dependent thrombocytosis 
and hyperleukocytosis; the dosage ranged from 1 to 
3 gm/day. At 15 weeks of pregnancy cytogenetic analysis of 
amniotic fluid showed a normal 46,XY karyotype. Shortly af- 
ter, splenalgia and increasing splenomegaly led to low-dose 
radiotherapy of the spleen (1.5 Gy), which had an obvious, © 


albeit transient, beneficial effect. A cesarean section’ was 


planned at 38 weeks of gestation for obstetric reasons, and 
hydroxyurea was discontinued 1 week before delivery to al- 
leviate a potential cytopenia in the fetus.' The patient was de- 
livered of a male infant with a birth weight of 3100 gm and 
normal clinical status who thereafter experienced. normal . 
growth and development (follow-up 32 months). Hematologic 
assessments of umbilical cord blood samples and blood sam- 
ples taken during the first week of life showed normal results. 


‘In our patient, as in the patient of Patel et al., con- 
tinuous administration of hydroxyurea béfore and 
throughout pregnancy had neither teratogenic effects 


¿nor hematologic consequences on the fetus. Terato- 


genic effects of hydroxyurea have been demonstrated 
in mammals when given at the onset of gestation and 
at doses at least five times those commonly used in 
humans.'* However, clinical reports in humans have 
shown that the risk of teratogenicity was often over- 
estimated: In none of the hitherto published cases was. 
any untoward effect observed on the course of pies, 
nancy or on the fetus.* 
Recent demonstration of the potential beneficial ef- 
fects of hydroxyurea in sickle cell disease by the bias 


of a decrease in hemoglobin S/henioglobin F ratio® has 


recently led to a reappraisal of the adverse effects of 
its chronic administration in young women. If available, 
other cases of hydroxyurea administration throughout 
pregnancy for hematologic malignancies should be col- 
lected before any consensus is made on new therapeutic 
approaches in young women with sickle-cell disease. 
G. Tertian, MD, and G. Tchernia, MD 
Laboratory of H ematology, H ôpital Bicetre, Kremlin-Bicetre, France 
E. Papiernik, MD ` 


Department of Gynecology and Obstetrics, Hôpital Antoine Béclire, a 


Clamart, France 
E. Elefant, MD 


Laboratory of Enbil and Cytogenetics, Hôpital Saini Antoine, 
Paris, France 
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Uiter, Gregory Owen, 672’ Lincoln, Grosse Pointe, MI 
48230 


'Vagovic, R. John, 944 S. Peninsula Dr., #103, Daytona 


_ Beach, FL 32118 . 
Valdez, Ronald A., 14811 Count Turf, San Anona 
TX 78248 


Valencia, Venerando M., 723 Edgegrove Ave., Staten ` 


Island, NY 10312 
Valenta, George F., Jr., Ob/Gyn, 1010 East Mountain 
Dr., Wilkes-Barre, PA 18702 


-Van Winter, Jo Trutna, 904 7th Ave. S.W., Rochester, ` 


MN 55902 
Van. de Mark, mape Je S Sparks PL., Cambridge, MA 
02138 


VanOosten, Peter G., 7622 Cobblewood, Kalamazoo, ` 


_ MI49002 
van Wert, John West, 672 N. Glenn Dr., Altamonte 
Springs, FL 32701 
Varadi, Kathleen Frances, 4012 Pecan Orchard Dr., 
= Parker, TX 75002 
Vasilev, Steven Anatol, City of Hope, Gyn Oncol, 1500 
' East Duarte Road, Duarte, CA 91010 
Vaughan, Darrell L., 35121 San Carlos St., Yucaipa, CA 
92399 
Vaughan, Yolanda E 5409 Tinkers Creek Pl., 
Clinton, MD 20735 
Vega, Vivian, 1069 ‘Ollerton Road, Woodbury, NJ 
08096 
Venereo, Rodriguez Miguel, 601 'N. Flamingo Road, 
Suite 405, Pembroke Pines, FL 33025 
Vennart, Ralph Marcus, 500 S. kanena Suite A-3, Las 
Vegas, NV 89106 


Verducci, Mona A., 16685 Arnold Dr., Sonoma, CA 


95476 

Vickers, Jean Louise, 1335 South Shore Dr., Erie, PA 

~ 16505 

Victores, Ruben Dario, 1604 Tallowood Dr., Keder 
land, TX 77627 


oh 
` 
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Vierra, Jean, 4835 "Lk. en Blvd. So., ‘Seattle, WA 
- 98118 : 

Vigil, Debbie A., 1651 Galisteo St., Suite #6, Sante Fe, 

.- NM 87501 

Villanueva, Aleli L; Ap Ridge Road, Longmeadow, MA 
01106. 

yi irmani, Ashutesh Ron, 4626 Charlestown Manor Dr., 
Charlotte, NC 28211 

Vizoso, Javier, 2025 Brickell Ave., #1905, Miami, FL 
33129 - 

Voutsos, Lester James, 29255 Northwestern UEMA 
Suite 200, Southfield, MI 48034 


_ Vu, Giao Van, 3258 Delta Road, San Jose, CA 95135 


ve Harshavadan J., 230 W. Madison St., Ottawa, IL 
- 61350 

Wade, Ann E lizabeth, 3608 38th Ave. S., Seattle; , WA 
98144 


: Wagaman, Rebecca: A., 1314 Pine St., Melbourne, FL 


32901 


Walker, Cheryl Ann Katherine, 1001 Potrero St., San 


Francisco Gen. Hosp., #6D14, San Francisco, 
' 94110. l 


Walker, James Ta J Rt. 5, Box 214A, Brewton, AL 


36426 


o. Ward, Kenneth, 5357 So. Cottonwood Lane, Salt Lake 
> City, UT 84117 . 


Wardlaw, Joe R., 545 South Broad St., Commerce, GA 
, 30529 ` 

Warkus, Barbara Joyce, 4342 Sierra Dr., Honolulu, HI 
96816- 


Warren, Ann Tout, 30 N. Michigan Ave., Suite 1410, 


Chicago, IL 60602 - | 
Waters, Donna Smith, 10124 Fort Knox Ct., River 
_ Ridge, LA 70123 
Watkins, Stever. L., 2474 Trousdale Ferry Pike, Leba- 
_ non, TN ‘37087 - 
Watson, David Lee, 1643 S. Vougin Ct., Aurora, CO 
80012 - | 


:Weeks, hing Gregory, 101 padi Ct., Hendersonville, 


TN 37075 

Weeks; Jonathan W., 1238 E. Jacaranda, Orange, CA 
92667 

Weeks, Peter J.. 178 Dickinson Dr., Wheaton, IL 60187 . 

Weeks, Ruthellen Denise, RR1, Box 5-C, North Perry 
Road, Titusville, PA 16354 

Weidman, Joshua Alan, 1-36 Plaza Road, Fair Lawn, 
NJ 07410 > 

Weinberg, Stephanie A., 2585 Fordham Gide N.W., 

= N. Canton; OH 44720 

Weinstein, David* Lee, 7164 Princeton Ave., St. Louis, 
MO 63130 | 


` Weisbaum, Jon S., 5831 Acacia Ave., Crane CA 


94618 

Weisel, Susan M., Fishkill Ob/Gyn, P.C., 93 Main St., 
P.O. Box E, Fishkill, NY 12524 | 

Weiss, Robert M., 51 Chilton St., Cambridge, MA 
02138 


` Weldon, Dale Katharine, 8 Auburn Ct., #3, Brookline, 


MA 02146 


Wells, Steven Ray, 2794 Pintail Dr., Sumter, SC 29150 


Wenz, Margie E., 1132 Hanstord Road, I yndhyrst, OH 
44124 
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Werner, Claudia Lynn, 10816 Royal Park, Dallas, TX 
75230 

West, Ann Luise Holmquist, 1689 Winter Hill Ct., 
Montgomery, IL 60538 

Wester, Suzanne M., 501 Street Road, Southampton, 
PA 18966 

Westermann, Christian Paul, 177 W. Horse Race Lane, 
St. James, NY 11780 


Westermoe, Karen Anne, 1125 Via Verde Ave., San - 


Dimas, CA 91773 

Whightsel, Jeffrey Wayne, 157 Elm St., Hollidaysburg, 
PA 16648 | 

Whitaker, Mary T., 4113 Province Dr., Carrollton, TX 
75007 

Whitehead, Keith Daniel, 731 Parsons Ave. South, 
Brandon, FL 33511 

Wiggins, Donna, 16 Barn Road, Mill Valley, CA 94941 

Wigoda, Carlos, 1015 E. 32nd St., Austin, TX 78705 

Williams, David J., 400 Adams St., New Albany, MS 
38652 

Williams, Delores J., 1547 Silo Road, Yardley, PA 19067 


Williams, Ng Laura, 802 Hillmeade Dr., Nashville, TN 


37221 

Williams, Randall Watts, 2643 St. Mary’s St., Raleigh, 
NC 27609 

Wimbrow, Thomas Jan, 494 Lucerne Ave., Tampa, FL 
33606 

Winkelmann, Susan E., N625 Health Science Ctr, #1 
Hospital Dr., Columbia, MO 65212 


Wiseman, Barbara Longacre, 400 Olive St., Sayre, PA 


18840 

Witt, Barry Randolph, AECOM, Ullman Bldg., #123, 
1300 Morris Park Ave., Bronx, NY 10461 

Wolaniuk, Anna, 3724 Shafer Circle, Carmel, IN 46302 

Wold, Thomas Frederick, 7100 CSW/RMC PSC 18, 
Box 186, APO AE 09220 

Wolfe, Walter Ray, 1815 Hospital Dr., Suite 488, Jack- 
son, MS 39204 

Wolfgram, Edward J., 511 Beacon Hill Terrace, Gaith- 
ersburg, MD 20878 


Wolfson, Wendy S., 109 Pulaski Road, Whitehouse Sta- 


tion, NJ 08889 

Woodbridge, Ann Robin, 12989 Jupiter Road, Suite 
101, Dallas, TX 75238 

Woodland, Mark Brendlinger, 734 Lombard St., Phil- 
adelphia, PA 19147 

Woods, John Michael, 109 Shady Creek Way, Salisbury, 
MD 21801 

Woods, Michael Patrick, 112 South 53rd St., Omaha, 
NE 68132 

Worgaftik, Brigitte Pitzele, 25 Saint Andrews Dr., Avon, 
CT 06001 


Wright, Jeffrey Warren, 2131 South 17th St, Wil- | 


mington, NC 28401 

Wroble, Lori Ann Ruth, 5517 B Gardner Ct., Ft. Polk, 
LA 71459 

Wu Tsung-Chieh, Jackson, 28 Santa Cruz Ct., Man- 
hattan Beach,CA 90266 

Wurst, Ann Marie, 4477 Masters Ct., Columbus, OH 
43220 

Xenophon, James Christopher, 300 Federal Road. 
Brookfield, CT 06804 
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Xerri, Joseph M., 64 Manchester Lane, Stony Brook, 
NY 11790 

Yancey, Michael Kevin, 5524 S. W. 92nd Way, Gaines- 
ville, FL 32608 

Yanez, Dimitri A., P.O. Box 908, Whitesburg, KY 41858 


`- Yeatts, Stanley D., I, 108 Atoka Turn, Yorktown, VA 


23693 

Yordan-Jovet Raul, P.O. Box 276455, San Antonio, TX 
78227 

Youcha, Sharon H., 
delphia, PA 19118 

Young, Donald Carleton, 2701 Revere; #242, Houston, 
TX 77098 i 

Youngdahl, Paula Sun, 2620 Constitution Blvd., Beaver 
Falls, PA 15010 

Yu, Hilma M., 73-31 195th St., Fresh Meadows, NY 
11366 

Zabcik-DeWitt, Carol Elaine, 17 070 Red Oak, Suite 
405, Houston, TX 77090 

Zabielski, Gerald Charles, 8090 East Del Trigo, Scotts- 
dale, AZ 85260 

Zabrecky, Anna Solarski, 932 Watch Creek, Cincinnati, 
OH 45230 

Zadzielski, Elizabeth Mary, 755 Dukes Road, Vineland, 
NJ 08360 

Zak, Leslie Lynn, 2801 S. Valley View Blvd., Suite #2, 
Las Vegas, NV 89108 

Zembrosky, Caryn A., 2825 Oakview Lane N., Plym- 
outh, MN 5544] 

Zolzer, James G., 257 Waterway Dr., Snead’s Ferry, NC 
28460 

Zweig, Marie E., St. #1, No. 4 Solange, Rio Piedras, PR 
00925 

Zweizig, Susan Lee, 1147-6th St., Apt. 206, Santa Mon- 
ica, CA 90403 l 

Zyczynski, Halina Maria, Magee-Women’s Hospital, 
300 Halket St., Pittsburgh, PA 15213 


127 East Mermaid Lane, Phila- 


The names of 14 newly classified diplomats are not included in this 
listing at their request. 


‘New certifications: Subspecialty of 
Gynecologic Oncology 


Date of examination: December 1991 
Place: Chicago, Illinois 
Number certified this examination: 2? 


Cumulative total of certificates awarded for this sub- 
specialty: 422 


Doering, David Loyd, Brown Cancer Center, 529 S. 
Jackson St., Louisville, KY 40201 
Donato, Daniel M., Jr., 2626 Nocatee Dr., Coconut 
‘Grove, FL 33133 
Dubuc-Lissoir, Josee, 60 Claude Champagne, Outre- 
mont, Quebec, Canada H2V 2X1 
Fanning, James, So. Illinois Univ. School Med., P.O. 
Box 19230, Springfield, IL 62794 
Feuer, Gerald A., 310 Windridge Ct., Bristol, RI 02809 
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Fiorica, James Vincent, 15330 Dawson Ridge Dr., 
Tampa, FL 33647 | | 

Fromm, Geri-Lynn, 5610 Valerie St., Houston, TX 
77081 

Heaps, James Mason, 9028 David Ave., Los Angeles, 
CA 90034 

Higgins, Robert Victor, 261C Providence Road, Char- 
lotte, NC 28211 l 

Hunter, Verda Josephine, 12439 Lamar, Shawnee Mis- 
sion, KS 66209 

Jones, Charles Milton, III, 7603 Forest Ave., Suite 408, 
Richmond, VA 23229 

Kapnick, S. Jason, 1411 North Flagler Dr., Suite 5000, 
West Palm Beach, FL 33401 

Karlan, Beth Young, Cedars-Sinai Med. Ctr., 8700 Bev- 
erly Blvd., #1738, Los Angeles, CA 90048 

Kinney, Walter, Clinic Statior: A, 2025 Morse Ave.. Sac- 
ramento, CA 95825 

Kredentser, Daniel Casey, 66 Huntersfield Road, Del- 
mar, NY 12054 

Lentz, Samuel S., Bowman-Gray, Ob/Gyn, Medical 
Center Blvd., Winston-Salem, NC 27157 

Mannel, Robert Scott, 2316 Shiloh Pl, Edmond, OK 
73034 

Potter, Mark Edward, 15751 E. Crestridge Circle, Au- 
rora, CO 80015 

Rice, Laurel Wysong, 7 Prospect St., Belmont, MA 
02178 

Sandles, Lisa G., 2200 O’Farrell, Room #745, San Fran- 
cisco, CA 94115 

Sharma, Sudarashan K., 2800 N. Lake Shore Dr., Apt. 
1404, Chicago, IL 60657 

Smotkin, David, Univ. Utah, Ob/Gyn, 50 North Med- 
ical Dr., Salt Lake City, UT 84132 


New certifications: Subspecialty of Maternal- 
Fetal Medicine 


Date of examination: December 1991 
Place: Chicago, Illinois 
Number certified this examination: 71 


Cumulative total of certificates awarded for this sub- 
specialty: 689 


Aisenbrey, Gary Andrew, 1404 Pinnacle View Dr., N.E., 
Albuquerque, NM 87112 

Alvarez, Manuel, 1212 5th Ave., #8A, New York, NY 
10029 

Anyaegbunam, Akolisa Mof..650 E. 228th St., Bronx, 
NY 10466 

Armson, Brian Anthony, Dalhousie Univ., Ob/Gyn, 
5821 University Ave., Halifax, Nova Scotia, Canada 
B3H 1W3 

Bahado-Singh, Ray Oliver, 385 Walden Green, Bran- 
ford, CT 06405 

Bond, Annette Louise, 233 E. 86th St., Apt. 19A, New 
York, NY 10028 

Bromley, Bryann, 361 Commonwealth Ave., Chestnut 
Hill, MA 02167 
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Cabbad, Michael Frederick, 242 Ovington Ave., Brook- 
lyn, NY 11209 

Calhoun, Byron Craig, 451 Cove Dr., Biloxi, MS 39531 

Calvin, Steven Earl, 5806 Oakland Ave. S., Minneapolis, 
MN 55417 

Carlson, Dru Elaine, 3017 Cardiff Ave., Los Angeles, 
CA 90034 

Carlson, Nancy j., 156 N. Oak Park Ave., #2B, Oak 
Park, IL 60302 

Chao, Andrew, 17795 Walizer Lane, Morgan Hill, CA 
95037 . 

Chao, Conrad Russell, Ob/Gyn, 622 West 168th St., 
New York, NY 10032 

Chervenak, Judith L., Lenox Hill Hosp., 100 E 77th 
St., 3 Main, New York, NY 10021 

Christmas, James T., 108 Doverland Road, Richmond, 
VA 23229 

Colmorgen, Garrett Hubbard Chasey, 125 Montchan 
Dr., Wilmington, DE 19807 

Cummiskey, Karen Christine, Ob/Gyn, Univ. Louis- 
ville, Louisville, KY 40292 

Dolkart, Lawrence A., 600 Fitch St., Elmira, NY 14905 

Dombroski, Raymond A., 7514 Azalea Lane, Dallas, TX 
75230 

Donald, W.L., Jr, 2441 St. Andrews Dr., Olympia 
Fields, IL 60461 

Fee, Susan C., Marshfield Clinic, 1000 N. Oak Ave., 
Marshfield, WI 54449 

Fischer, Richard Lewis, 5 Pendleton Dr., Cherry Hill, 
NJ 08003 

Gilbert, William McBeath, 4472 Paola Way, San Diego, 
CA 92117 

Gloeb, D. Jay, 50 Sutton Pl. So., Apt. #4D, New York, 
NY 10022 

Gonzalez-Ruiz, Antonio R., 921 East Third St., Suite 
400, Chattanooga, TN 37403 

Guzman, Edwin Raphael, 7 Haelig Ct., Bridgewater, 
NJ 08807 

Harlass, Frederick E., 11145 Volare Dr., E] Paso, TX 
79936 

Helm, Douglas Alan, 110 N. Valeria St., Suite 308, 
Fresno, CA 93701 

Hibbard, Judith Usher, 1169 S. Plymouth Ct., Apt. 
#601, Chicago, IL 60605 

Horenstein, Janet, 5556 Azure Way, Long Beach, CA 
90803 

Jackson, Unjeria Charlene, 75 Whippany Road, Morris 
Township, NJ 07960 

James, Janine Arlette, 6585 N. Alberta Ct., Glendale, 
WI 53217 

Kanaan, Camille M., Baystate Med. Ctr., Ob/Gyn, 759 
Chestnut St., Springfield, MA 01199 

Kiwi, Robert, 2974 Morley Road, Shaker Heights, OH 
44122 

Kjos, Siri Linda, 1240 N. Mission Road, LAC/USC 
Womens Hosp., Los Angeles, CA 90033 

Kovacs, Bruce William, 120 7th St., Seal Beach, CA 
90740 

Laifer, Steven Asher, Magee Women’s Hosp., 300 
Halket St., Pittsburgh, PA 15213 

Landers, Daniel V., San Francisco Gen. Hosp., 1001 
Potrero Ave., 6D-14, San Francisco, CA 94110 
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Leslie, Kimberly Kay, 939 E. Stanford Ave., Englewood, 
CO 80110 

Lindenbaum, Connie R., 219 Martroy Lane, Walling- 
ford, PA 19086 

Lowery, Curtis Lee, Jr., Univ. Arkansas for Med. Sci- 
ences, 430] W. Markham, Slot 518, Little Rock, AR 
72205 

Maberry, Mark Clifton, Ob/Gyn, 5323 Harry Hines 
Blvd., Dallas, TX 75235 

Marks, Frances, 14 Deer Hill Lane, Scarsdale, NY 
10583 : 

Masaki, Damon Isamu,.5405 Alton Pkwy., Suite 5A- 
53y Irvine, CA 92714 

Molina, Richard D., Univ. Pittsburgh, 300 Halket St., 
Pittsburgh, PA 15213 

Morales, Walter J., 2916 Sunbittern Ct., Windermere, 
FL 34786 

Morgan, Mark A.,-7620 E. Cedar Creek Way, Orange, 
CA 92669 

Payne, Gerald, Jr., 1404 Brinton Ct., Edmond, OK 
73034 

Peaceman, Alan M., Northwestern Univ. Med. School, 
MFM 333 E. Superior, Room 410, Chicago, IL 60611 

Peng, Thomas Chih Cheng, 6506 Walnut Bend Ct., 
Midlothian, VA 23112 

Pielet, Bruce William, 1980 Bertram Lane, Highland 
Park, IL 60035 

Pinckert, Thomas Lee, Georgetown Univ. Hosp., 3800 
Reservoir Road, N.W., Washington, DC 20007 

Pircon, Richard Adam, 1135 East Lexington, Whitefish 
Bay, WI 53210 

Porto, Manuel, 9521 Florence Circle, Villa Park, CA 
92667 

Pridjian, Gabriella, Univ. Michigan, 1500 E. Medical 
Ctr. Dr., Ann Arbor, MI 48109 

Ray, Deborah, 1537 Belleville Way, Sunnyvale, CA 
94087 

Rigg, Lee Allen, 226 S. Woods Mill Road, Suite 61-W, 
Chesterfield, MO 63017 

Rodriguez, M. Hellen, 1564 Rodeo Road, Arcadia, GA 
91006 

Ruedrich, David A., 4109 Scioto Run Ct., Columbus. 
OH 43206 

Sarno, Albert P., Jr., 94-261 Ihuanu PI., Mililani, HI 
96789 

Sengupta, Shyamashree, 1473 Pawnee Road, North 
Brunswick, NJ 08902 

Shyken, Jaye Michelle, 8000 Venetian Dr., St. Louis, 
MO 63105 

Strong, Thomas H., Jr., 1300 N. 12th St., #320, Phoe- 
nix, AZ 85006 

Tahilramaney, Mona P., 800 Gatos Pl., Palos Verdes 
Estates, GA 90274 

Thomas, Ronald Lee, 705 Amberson Ave., Pittsburgh, 
PA 15232 

Thorp, James Alan, 8901 Maple Dr., Overland Park, 
KS 66207 

Thorp, John Mercer, Jr, Univ. North Carolina, 
Ob/Gyn, 214 MacNider, CB #7570, Chapel Hill, NC 
27599 

Wechter, Daniel Joseph, Saginaw Coop Hospitals, 1000 
Houghton Ave., Saginaw, MI 48602 
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Williams, Mark Carl, Univ. Calif. Davis, Ob/Gyn, 1621 
Alhambra Blvd., #2500, Sacramento, CA 95816 
Wright, Debra Jane, 293 University Pl., Grosse Pointe, 

MI 48230 


New certifications: Subspecialty of 
Reproductive Endocrinology 


Date of examination: December 1991 
Place: Chicago, Illinois 
Number certified this examination: 41* 


Cumulative total of certificates awarded for this sub- 
specialty: 448 


Blacker, Charla M., 1056 Devonshire, Grosse Pointe, 
MI 48230 

Blauer, Keith L., 2982 Pascal Dr., Fairborn, OH 45324 

Bray, Mary A., 200 Clinton St., Brooklyn, NY 11201 

Brody, Steven Andrew, 7936 Laurelridge Road, San 
Diego, CA 92120 

Buyalos, Richard P., Jr., 621 Levering Ave., Los An- 
geles, CA 90024 

Chenette, Philip Earl, Pacific Fertility Ctr., 2100 Web- 
ster, #506, San Francisco, CA 94123 

Chin, NeeOo W., 23 Elmhurst PI., Cincinnati, OH 
45208 

Coutifaris, Christos, 1301 Grenox Road, Wynnewood, 
PA 19096 

Craig, H. Randall, 4453 E. Wildwood Dr., Phoenix, AZ 
85044 

Damien, Miguel, Little Silver Commons, 200 White 
Road, #214, Little Silver, NJ 07739 

Davis, Owen Kidder, 430 East 63rd St., #10-N, New 
York, NY 10021 

Doody, Kevin J., 4 Gregory Ct., Arlington, TX 76013 

Dorsett, Mikal Janelle, Route 1, Box 594, Wolfforth, 
TX 79382 

Droesch, Kathleen Elizabeth, 97 Dyke Road, Setauket, 
NY 11733 

Goldberg, Jeffrey M., 37196 Landings Dr., Solon, OH 
44139 

Gonzalez, Frank, 85 Woodbridge Ave., Buffalo, NY 
14214 

Hansen, Keith Allen, 4619 Fern Oak Ct., Virginia 
Beach, VA 23462 

Hill, Joseph Albert, III, Fearing Research Lab., 250 
Longwood Ave., Room 204, Boston, MA 02115 

Hofmann, Glen Emery, 185 High St., Closter, NJ 
07624 

Howe, Robert Stuart, 18 Brentwood Dr., Wilbraham, 
MA 01095 

Hurd, William Ward, MBP D-2210, 1500 E. Medical 
Ctr. Dr., Ann Arbor, MI 48109 

Isaacson, Keith B., 166 Tremont St., Newton, MA 
02158 

Jacobs, Michael H., Baptist Med. Arts Bldg., 8950 N. 
Kendall Dr., #103, Miami, FL 33176 

Kauma, Scott W., Med. Coll. Virginia, Box 34, MCV 
Station, Ob/Gyn, Richmond, VA 23298 
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Kessel, Bruce, 2723 Stratford Ave., Cincinnati, OH 
45220 4 

Kettel, L. Michael, 1112 Santa Madera Ct., Solana 
Beach, CA 92075 

Krasnow, Joel S., 6342-A Walnut St., Pittsburgh, PA 
15206 

Lee Ha-Lin, Christina Yu, Kapiolani Women/Children, 
1319 Punahou St., #824, Honolulu, HI 96826 

Metzger, Deborah A., 3 Nod Brook Dr., Simsbury, CT 
06070 

Nelson, H. Preston, 540 University Ave., Suite 200, Palo 
Alto, CA 94301 

Peterson, C. Matthew, 1985 S. 1150 East, Bountiful, 
UT 84010 : 

Rabin, Douglas 
MD 20910 

Rein, Mitchell S., 62 Lynn Road, Needham, MA 02146 

Russell, Jeffrey Barry, 4745 Ogletown Stanton Road, 
Suite 111, Newark, DE 19718 

Scoccio, Humberto, 1610 Asbury Ave., Winnetka, IL 
60093 

Scott, Richard Thomas, Jr., Ob/Gyn (SGHO), Wilford 
Hall USAF Med. Ctr., Lackland AFB, TX 78236 

Taney, Francis Halpern, 3 Lawson Lane, Great Neck, 
NY 11023 

Vasquez, Jaime M., 194 Carnavon Pkwy., Nashville, TN 
37205 

Walsh, Brian William, 11 Riverview Terrace, Dover, 
MA 02030 

Wincek, Thomas John, 3510 Oak Villa Dr., Temple, 
TX 76502 


S., 1415 Highland Dr., Silver Spring, 


*The name of one newly classified diplomate is not included in this 
listing at his/her request. 


New certification: Subspecialty of Critical Care 


Date of examination: December 1991 
Place: Chicago, Ilinois 


Number certified this examination: | 


Cumulative total of certificates awarded for this sub- _ 


- specialty: 1 


Van Hook, James W., Department of Obstetrics and 
Gynecology, Univ. Washington Schoo] Med., 1959 
Pacific Ave., Seattle, WA 98195 


-Recertifications: Principal Specialty 


Recertifications effective as of December 13, 1991 
Cumulative number recertified: 4,698* 


Abbott, Philip D., 3700 Rufe Snow Dr., Ft. Worth, TX 
76180 

Adam, George. Maynard, 2115 N. Kansas, Box 8, Has- 

tings, NE 68901 

Adashi, Eli Y., Univ. Maryland Schedi Med., Ob/Gyn, 
405 W. Redwood St., (3rd), Baltimore, MD 21201 


l Alexander, Gordon Lee, Jr., 6895 Sand Ridge Road, 


: Eden Prairie, MN 55346 © 
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Anderson, Barrie, Univ. Iowa, Ob/Gyn,, Hospitals & 
Clinics, Iowa City, [A 52242 . 


‘Anderson, Stephen Griffith, 2927 Lyndhurst Ave., 


Winston-Salem, NC 27103 

Armstrong, David Holmes, 2720 N. Harbor Blvd., 
Suite 130, Fullerton, CA 92635 

As-Sanie, Mohammed S., 3973 Loomis Pkwy., Suite A, 
Ravenna, OH 44266 

Backes, Celso Luiz, Cole Med. Ctr., Route 6, Couders- 
port, PA 16915 

Bailey, Philip James, 601 Stone Ridge Ct., Cleburne, 
TX 76031 

Bair, James Richard, 3604 Wells Fargo, Suite F, Scotts- 
dale, AZ 85251 

Baron, Joel Jay, 
02360 

Barresi, Joseph Anthony, 68 Johnson Dr., Chatham 
Township, NJ 07928 

Barrow, Hugh W., Jr., 118 Dillon Dr., Spartanburg, SC 
29302 

Bartlett, Frederick H., Jr., P.O. Box 1046, Huntingdon 
Valley, PA 19006 

Bartsich, Ernst G., 899 Park Ave., New York, NY 10021 

Batres-Soza, Francisco, 500 S. University, Suite 218, 
Little Rock, AR 72205 

Benrubi, Guy Ieshua, P.O. Box 351, Ponte Vedra 
Beach, FL 32004 

Berek, Jonathan S., UCLA. School Med., Ob/Gyn, 
10833 LeConte, 24-127 CHS, Los Angeles, CA 90024 

Bergquist, Carol Adele, 800 W. 4th, Odessa, TX 79763 

Berman, Michael Leonard, 1812 Overview Circle, 
Santa Ana, CA 92705 

Bham, Sulaiman Ahmed, 348 Mount Royal Ave., Ab- 
erdeen, MD 21001 

Bosley, Roger Eugene, 2400 Ferry St., Lafayette, IN 
47904 — 

Boyce, John G., SUNY Health Sci. Ctr., School at 
Brooklyn, 450 Clarkson Ave., #24, Brooklyn, NY 
11203 

Brakemeier, Robert Henry, Scott & White Hosp., 
Ob/Gyn, 2401 S. 31st St., Temple, TX .76508 

Braun, Robert Daniel, 800 W. 4th St., Odessa, TX 
79763 

Bruhn, Donald Frederick, 6 North Wind Dr., Port Jef- 
ferson, Long Island, NY 11777 

Bu, Tae-Hyung, 2833 Madeira Dr., Erie, PA 16506 

Buchman, Myron 1., 117 East 72nd St., New York, NY 
10021 

Buster, John Edmond, 956 Court Ave., Room D328, 
Memphis, TN 38163 

Buttino, Louis, Jr., 2800 Tara Trail, Beavercreek, OH 
45385 

Caceres, Juan Fernando, 3301 South Alameda, Suite 
301, Corpus Christi, TX 78411 


2 Driftwood Lane, Plymouth, MA | 


_ Chambers, William Henry, 733 S. Fleishel, Tyler, TX 


75701 
Cheek, Edwin William, 2620 Constitution Blvd., Beaver 
Falls, PA 15010 . > 


_ Christiansen, Lance Michael, 809 Helston Road, 


Bloomfield Hills, MI 48304 
Colvin, James Thomas, Jr., 519 N. Se St., #101, Se- 
guin, TX 78155 
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Copeland, Larry James, 4067 Park Lane, Gclsinbus, 
.OH 43220 < 

Corey, Stephen Hamilton, ta Penrose Dr., Pittsburgh, 
PA 15208 

Creasman, William Thomas, Med. Univ. South Caro- 
lina, Ob/Gyn, 171 Ashley Ave., Charleston, SC 29425 

Crystle, Charles Deans, 162 Hamilton Road, Lancaster, 
PA 17603 


Currie, John Lauchlin, Johns Hopkins, Houck 203, 600 


N. Wolfe St., Baltimore, MD 21205 

Dalal, Suniti V., 7830 W. North Ave., Elmwood Park, 
_IL 60635 

Darby, Byron Gallaway, 4201 Marathon Blvd., Suite 
303, Austin, TX 78756 

Deifik, David Saul, The Hitchcock Clinic, 21 East Hollis, 
St. Nashua, NH 03061 © 


Diamante, Archimedes Sison, o North pucu, Oak . 


‘Park, IL 60302 

Diaz-Esquivel, Pablo Rafael, 1500 Coulter, Suite 2, 
Amarillo, TX 79106 

Dierker, Leroy Joseph, Jr., 3395: ‘Scranton Road, Cleve- 
-land, OH 44109 

. Diks, Robert Howard, 4 Regulas Dr., Turnersville, } NJ 

- 08012. : 

Dingfelder, James Ray, 180 Providence Road, Chapel 
Hill, NC 27514 

Duenhoelter, Johann Henrich, 1706 South Meridian, 
Suite 130, Puyallup, WA 98371 i 

Dysert, Gerald Alan, 550 Summit Ave., Suite 209, 
Troy, OH 45373 

Edwards, James Bryant, III, 2204 Sportsman Bivd., 
Pawleys Island, SC 29585 

Faro, Sebastian, 13302 Havershire Lane, Houston, TX 
77079 

< Fowler, Wesley Caswell, Jr., Univ. North Carolina, 
Ob/Gyn, School Med., Box 7570, Chapel Hill, NC 
27599 . 

Gall, Stanley Adolph, Caw Louisville School Med., 
Ob/Gyn, 550 South Jackson St., Louisville, KY 40202 

Galvez, Jose Miguel, 2604 E. Dempster, Suite 303, Des 
Plaines, IL 60016 

Gandia, Jorge, Azalea BB- 4, Boringuen Garden, Rid 
Piedras, PR 00926 

Gant, Douglas William, 1824 Meridian, South Puyallup, 
WA 98371 4 

Garite, Thomas Joseph, Gay California, Irvine 
Ob/Gyn, 101 The City Dr., #22, Orange, CA 92668 

Garrett, George Cannon, Jr., 405 West 16th St., eee 
‘AR 71801 : 

George, William M., Jr., 414 5th Ave., Albany, GA 
31701 . 

Gerbie, Melvin Vernon, 707 N. Fairbanks-Ct., Suite 500, 
Chicago, IL 60611 

Gershenson, David Marc, M. D. Anderson Cancer Ctr., 
Ob/Gyn, 1515 Holcombe pes #67, Houston, TX 
77030 


~ Gibbons, John Martin, Jr., 114 Woodland St., Hartford, - 


CT 06105- 
Goldkrand, John Wolf, Memorial Med. Ctr., 4750 Wa- 
ters Ave., Savannah, GA 31404 


Gomes, William, 4077 David Ave., Grand Island, NE. 


68803 


Board certification 1889 


Goodenow, Gary Paul, Halifax Hosp., Box 2840, 312 
Clyde Morris Blvd., Daytona Beach, FL 32115 

Griffin, Newton Bramblett, 3910 Stratford Ct., Raleigh, 
NC 27609 

Grimes, David Alan, Women’s Hosp., Ob/ Gyn, 1240 
N. Mission Road, Los Angeles, CA’ 99033 

Grove, Charles Samuel, 2 Mile Post Lane, Pittsford, NY 
14534 

Guillaume, A. Jacques, 82 County Chib Dr., Fort Wash- 
ington, NY 11050 : 

Haas, Gilbert George, Jr., 2301 F. Berry Hill Circle, 
Edmond, OK 73034 - 

Han, Gwang Soo, 19 South Central St., Sylva, NC 28779 

Hanes, Charles Robinson, I1, 6701 Airport Biya Suite - 
B-321, Mobile, AL 36608 

Harrison, Frank N.H., Jr., 3130 Old Barn Road, Char- 
lotte, NC 28270 

Hart,‘Timothy Mark, 1513 Doctors Dr. Bidg. 2, Bossier, 
City, LA 71111 

Herbert, William Norman P., Univ. Chicago Ob/Gyn, 
CB#7570, 214 MacNider, Chapel Hill, NC 27599 

Hertz, Roger H., Prov. Hosp., Box 2043, 16001 W. Nine 
Mile Road, Southfield, MI 48037 : 

Heyburn, Robert Norman, 2933 Bob-O-Lirik Road, 
Flossmoor, IL 60422 

Hohe, Paul Thomas, 1540 Fifth Ave., San Rafael, CA 
94901 l 

Holder, Larry Benson, 801 Osceola St., Stuart, FL 
34994 l 

Hollis, Richard Shelton, P.O. Box ,478, Amory, MS 
38821 

Horbelt, Douglas Vincent, 3243 E. Murdock, Level G, 
Wichita, KS 67208. 

Hull, Walter Baird,-c/o Leland Rutherford, 18111 New 
Gambier Road, Mt. Vernon, OH 43050 

Imran, Mohammad, 2707 Kirkwood. Highway, New- 
ark, DE 19711 

Isawi; Mohammed Farouk, 750 S. Kiwanis Dr., Suite 
202, Freeport, IL 61032 

Ismail, Mahmoud Abdullah, Univ. Chicago Lying-In 
Hosp., 5841 S. Maryland, #446, Chicago, IL 60637 

Jelovsek, Frederick Robert, East Tennessee State Univ. © 
College Med., Ob/Gyn, P.O. Box 19570A, Johnson 
City, TN 37614 

Johnson, Timothy Robert B., 1206 Boyce Ave., Balti- 
more, MD 21204 

Jolles, Christopher Jésse, Div. Gyn. Oncol., Univ. Utah 
Med. Ctr., Sale Lake City, UT 84132 

Joseph, Gerald Feitel, Jr., 1936 So. Carrollton Ave., 
New Orleans, LA 70118 

Kar, Dilip S., 807 Ligonier St., Latrobe, PA. 15650 

Kelly, Randall Tiffany, Oakwood’ Med. Of. Bldg., 
18181 Oakwood Blvd., #402, Dearborn, MI 48124 

Kim, Yong Jae, 2114 Williamsbridge ROAD; Bronx, NY 
10461 

Klam, Roger Najeeb, Carbondale Clinic, 2601 W. Main 
St., Carbondale, IL 62901 

Klug, Gerardo A., 34 South Ellis, Camilla, GA 31730 

Knight, Alfred Bishop, Jr., 2401 S. 31st, Tempie: TX 
76508 

Konis, Edward Eber, 9 Twin Brooks Drs Chester, NY 
10918 


1890 Board certification 


Kropelin, James Joseph, 470 Mountain View Dr., Lew- 
iston, NY 14092 

Kulkarni, Upendra Martand, 1415 Seventh St., Ma- 
mou, LA 70554 

Kumarasamy, Thampu, 27 Wintergreen Hill, Danbury, 
CT 06811 

_ Kuyakanon, Weerapan, 5207 37th Ave. Ct., Moline, IL 
61265 

LaGrandeur, Richard Michael, 1215-D Kirts, Troy, MI 
48084 

Lantinen, Albert Jacob, Jr., 795 Middle St., Ports- 
mouth, NH 03801 

Lee, Sung G., 1200 Michigan Ave., E. Lansing, MI 
48823 

Lester, Melvin Arthur, 1212 9th St., Suite C, Alamo- 
gordo, NM 88310 

Levy, Donald L., 825 Fairfax Ave., Norfolk, VA 23507 

Lies, Stephen Craig, 102 many Park Ct., Goldsboro, 
NC 27534 > 

Lippert, Wayne Arthur, 2123 Auburn Ave., Med. Of. 
Bldg., #134, Cincinnati, OH 45219 

Mackie, Laura Lorraine, 3400 N.W. Expwy., #100, 
Ob/Gyn, Oklahoma City, OK 73112 

Macsalka, Mary A.,.975 North St., Boulder, CO 80304 

Magee, Bernard Dale, 28 Oak Ridge Way, Shrewsbury, 
MA 01545 

Magendantz,-Henry Gunther, 1896 Old Louisquiss. 
Pk., Lincoln, RI 02865 - 

Majeed, Shahul H.A., 929 Spring Creek Road, Suite 
204, Chattanooga, TN 37412 

Manetta, Alberto, Univ. Calif. Irvine Med. Ctr., 
Ob/Gyn, 101 The City Dr., #22, Orange, CA 92668 

Mariona, Federico Guilermo, 15801 Providence Dr.. 
Suite 10E, Southfield, MI 48075 

Marshall, David, 1800 Peoples Ave., Troy, NY 12180 

Martin, James Nello, Cept. Ob/Gyn, Univ. Med. Ctr.. 
2500 N. State St., Jackson, MS 39216 

Martinez, Jose Antonio, 11036 ener Ave., Chat- 
sworth, CA 91211 

McKinzie, Charles Edwin, 1529 eee Suite 201, 
Alexandria, MN 56208 | 

McMillan, James Helfrich, 1825 Oak Ave., Menlo Par k, 
CA 94025 

Meeks, George Rodney, 408 Millrun Road, Brandon, 
MS 39042 

Michaels, William Howard, 22250 Providence Dr., 
Prov. Med. Bldg., #L-100, Southfield, MI 48075 


Miller, George Congdon, 3 Hospital Dr., Lewisburg, , 


PA 17837 

Minielly, Richard Wesley, 108 Chemung St., Athens, 
PA 18810 

Mojadidi, Qudratullah, 580 W. 8th St., Suite 7009, Jax, 
FL 32209 

Morrell, Roger William, 515 Luzerne St, Johnstown, 
PA 15905 

Morrison, J. Douglas. 1847 E. Southern Ave., Suite 2 
Tempe, AZ 85282 

Motew, Martin Neal, 2843 Twin Oaks Dr., Highland 
Park, IL 60035 

Mulato, Roberto, 327-60th St., West New York, NJ 
07093 


June 1992 
Am ] Obstet Gynecol 


Murray, Richard Cleary, 330 S. 16th Pl., Sturgeon Bay, 
WI 54235 

Nagey, David Augustus, 126 St. Andrews Road, Sev- 
erna Park, MD 21146 

Nakayama, Roy Tadami, 1319 Punahou St., Suite 824, 
Honolulu, HI 96826 

Nickell, Margaret Brown, 4320 Wornall Road, Suite 
520, Kansas City, MO 64111 

Noller, Kénneth Lawrence, 119 Belmont St., Worcester, 
MA 01605 

Nowick, Martin E., 1550 South Potomac St., Suite 110, 
Aurora, CO 80012 

Ostrum, Gordon Jacob, Jr., R.R. #3, Box 243A, Woods- 
town, NJ 08098 

Pardanani, Navin, 853 Union St., Schenectady, NY 
12308 l 

Parisi, Valerie Marie, Dept. Ob/Gyn Univ. Texas Med. 
School, 6431 Fannin-#3.204, Houston, TX 77030 - 

Park, Richard Cecil, 1210 Brace Road, Cherry Hill, NJ 
08034 

Pelosi, Marco Antonio, Pelosi Women’s Med. Ctr., 350 

_ Kennedy. Blvd., Bayonne, NJ 07002 

Penney, Larry Lee, 2412 Cimarron Dr., Columbia, MO 
65203 

Petrie, Roy H., Four University Lane, St. Louis, MO 
63105 

Phillippe, Mark, 9544 Ridgeway Ave., Evanston, IL 
60203 


Pitkin, Roy Macbeth, 10833 Le Conte Ave., Room 27- 


117, Coll. Health Sci, Los Angeles, CA 90024- 
1740 

Podolsky, Lawrence D., 1524 McHenry Ave., Suite 370, 
Modesto, CA 95350 

Poindexter, Alfred N., IH, 6550 Fannin, Suite 846A, 
Houston, TX 77030 

Posada, Humberto, 909 Surf Lane, Vero Beach, FL 
32963 

Powell, John Livingston, 244 Washington Blvd., 
Springfield, MA 01108 

Quirk, James Gerald, Univ. Arkansas Ob/Gyn, Slot 
518, 4301 West Markham, Little Rock, AR 72205 

Radwanska, Ewa, 1513 West Harrison St., Chicago, IL 
60607 

Rayburn, Wilham Frazier, 2632 South 96th Circle, 
Omaha, NE 68124 

Rebar, Robert William, 195 aay Acres Dr., Cincin- 
nati, OH 45255 

Record, Duane Calvin, 210 Cornelia St., Suite 201, 
Plattsburgh, NY 12901 

Reid, Robert Alfred, 229 West Pueblo St., Santa Bar- 
bara, CA 93105 

Richards, Lindsay Ann, 515 W. Front St., Missoula, MT 
59802 

Rizk, Pierre T., 1000 East Genesee, Suite 305, Syracuse, 
NY 13210 

Roberge, Richard Treffle, 2005 Arlington Ave., Cald- 
well, ID 83605 

Rock, John Aubrey, 902 Fallscroft Way, Lutherville, MD 
21093 

Romig, Bruce D., 520 14th Ave. S.E., Puyallup, WA 
98372 


Volume 166 
Number 6, Part 1 


Rosenman, Stephen David, 1735 Post Road, tarie 


CT 06430 |. 

Sabbagha, Rudy E., 2415 Meadow Dr., Wilmette, IL 
60091 

Sachs, Benjamin Paul, Beth Israel Hosp., 330 Brookline 
Ave., Boston, MA 02215 

Samman, George, 916 19th St. N.W., #802, Washing- 
ton, DC 20006 

Sanfilippo, Joseph Salvatore, Ob/Gyn, Univ. Louisville 
School Med., Louisville, KY 40292 

Santos-Ramos, Rigoberto, 6909 Lamanga, Dallas, TX 
75248 


Sarto, Gloria Elizabeth, Univ. New Mexico, Ob/Gyn, _ 


2211 Lomas Blvd., NE, Albuquerque, NM 87131 

Schettler, Heinrich Gustav, 18842 Memorial So., Suite 
202, Humble, TX 77338 

Schneider, Jan, 345 Laurel Lane, Haverford, PA 19041 

Schreiber, James Ralph, 22 Frontenac Estates, Fron- 
tenac, MO 63131 

Schulman, Harold, 29 Usonia Road, Pleasantville, NY 
10570 

Schwenk, August Christian, Jr., 1401 Union St., siie 
nectady, NY 12308 l 

Sedwick, Richard Elmer N., 2350 Port Republic Road, 
Harrisonburg, VA 22801 

Seftel, Leroy Allen, 1405 Fulton Ave., Schenectady, NY 
12308 

Seiler, Jerome Saul, 56- 45 Main St., Flushing, NY 
11355 

Sharma, Santosh Devraj, 1319 Punahou St., #824, 
Dept. Ob/Gyn, Honolulu, HI 96826 . 

Shevach, Allen Brooks, 3660-3 Central Ave., Fort 
Myers, FL 33901 

Shiu, Albert Tak-Yee, 5420 Governors Ave. N.W., Can- 
ton, OH 44718 

Smith, Robert Goodrich, Jr., 3100 Riverside Dr., #245, 
Los Angeles, CA 90027 

Spellacy, William Nelson, 4 Columbia Dr., Suite 514, 
Tampa, FL 33606 

Stanford, Douglas Leon, 837 Lynkaylee Dr., Waterloo 
IA 50701 

Stehman, Frederick B., Wishard Mem. Hosp., F522, 
1001 W. 10th St., Ob/Gyn, Indianapolis, IN 46202 

Stillman, Robert joseph, 10810 Nantucket Terrace, Po- 
tomac, MD 20854 

Strassberg, Richard Martin, 12960 Lerida St., Coral 
Gables, FL 33156 


Board certification 1891 


Tal, Jacob, 618 Sandy Port, Houston, TX 77079 

Thiel, Christopher William, 402 W. Minnehaha Pkwy., 
Minneapolis, MN 55419 

Thomson, Alton Lloyd, Jr., 314 Hospital Ave., Stuart, 
IL 34994 

Tomich, Paul George, Loyola Univ. Med. Ctr., 2160 S. 
lst Ave., Maywood, IL 60153 

Tong, Kun Yuan, 421 4th Ave., Albany, GA 31701 

Trierweiler, Michael William, Ob/Gyn, 1835 Franklin, 
Denver, CO 80218 

Van Dyke, Allen Holstead, Jr., 3901 Northampton 
Road, Durham, NC 27707 ! 

Van Son, Robert Nicholas, 202 E. Main St., Huntington, 
NY 11743 i 

von Oeyen, Paul Timothy, 518 Whitehall Road, Bloom- 
field -Hills, MI 48304 

Wachen, Harry Leopold, 76 Arieigh Road, Great Neck, 
NY 11021 

Wade, Ronald Vaughn, 2057 Sharon Lane, Charlotte, 
NC 28211 

Wambo, John Mack, 2202 State Ave., Suite 10], Panama 
City, FL 32405 | l 

Wang, Chun Fu, 136-30 Maple Ave, #1F, Flushing, 
. NY 11355 

Watson, James Earl, 22 Pine Ridge Lane, Mansfield 
Center, CT 06250 

Waxman, Alan Garlett, 403 Sage INES Gallup, NM 
87301 

Weiner, Michael Donald, 9000 S.W. 87th Ct., Suite 101, 

` Miami, FL 33176 | 

Wild, Robert Allen, 920 Stanton L. Young, 4SP720, 
Oklahoma City, OK 73104 

Williamson, Howard Foster, 402 Arnold St., Cullman, 
AL 35055 © 

Winkel, Craig Alan, 801 Waverly Road, Ba Mawr, PA 
-19010 

Work, Bruce Alexander, Ob/Gyn Med. Coll. Georgia, 
Augusta, GA 30912 

Xuereb, Dennis, 1333 Sheppard Ave. E., Suite 343, 
Willowdale, Ontario, Canada M2J 1V1 

Yeast, John Dale, 4400 Wornall Road, OPC-2, Kansas 
City, MO 64111 

Yordan, Robert Andrew, 2 Riverdale Dr., Cromwell, 
CT 06416 


*The names of three recertified diplomates are not included in this 
listing at their request. 


ITEMS 





Announcements of major meetings and other significant activities must be 
received at least 8 weeks before the desired month of publication. All an- 
nouncements carry a charge of $60.00 U.S. per insertion and the fee must 
accompany the request to publish. Information will be limited to title of 
meeting, date, place, and an address to obtain further information. Send 
announcements and payment, payable to this JOURNAL, to Kay G. Goehler, 
Senior Manuscript Editor, Journal Editing, Mosby~Year Book, Inc., 11830 
Westline Industrial Drive, St. Louis, MO 63146-3318. 


The Harvard Medical School, Department of Contin- 


uing Education, and The Massachusetts Gen- 
eral Hospital, Department of Gynecology, are 
presenting a postgraduate course in: Vaginal 
Surgery, directed by David H. Nichols, MD, 
on October 9, 13, 11, 1992, at The Ritz-Carl- 
ton Hotel, Boston, Massachusetts. For infor- 
mation contact: Harvard Medical School, De- 
partment of Continuing Education. Tel.: (617) 
432-1525. 


The Thomas Garite/ Roger Freeman Obstetrical Sym- 


posium, October 23 and 24, 1992, Claremont 
Resort, Berkeley, California. Sponsored by 
Alta Bates Medical Center. For information 
contact: Mary Grim, Medical Education Pro- 
gram Manager, tel.: (510) 204-1420. 


Courses sponsored by University of California, Ir- 


1892 


vine, and Long Beach Memorial Medical 
Center. For information contact the Center 
for Health Education. Tel.: (310) 595-3811. 


Bound volumes available to. subscribers . 

Bound volumes of the AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY are avail- 
able to subscribers (only) for the 1992 issues from the Publisher, at a cost of $68.00 for 
domestic, $95.76 for Canada, and $91.00 for international for Vol. 166 (January-June) 
and Vol. 167 (July-December). Shipping charges are included. Each bound volume contains 
a subject and author index and all advertising is removed. Copies are shipped within 60 


July 29—August 1, 1992, 10th Controversies 
OB/GYN, Mauna Kea, Hawaii 

November 16-21, 1992, 15th Annual 
OB/GYN Review, Costa Mesa, California 

January 13-17, 1993, 8th Annual 
Perinatal Symposium, Beaver Creek, 
Oregon 

February 27—March 6, 1993, 14th Annual 
Current Topics in OB, Aspen, Colorado 

March 25-27, 1993, Gynecologic Surgery, 
Rancho Las Palmas, California 


Perinatal dilemmas, a national conference of interest 


to both physicians and nurses in the fields of 
Obstetrics and Neonatology, August 10-14, 
1992, at the Snow King Resort, Jackson Hole, 
Wyoming. ACOG and ANA approved. For 
complete brochure or to register contact: Con- 
temporary Forums, 11900 Silvergate Dr., 
Suite A, Dublin, CA 94568. Tel.: (510) 828- 
7100. 


days after publication of the last issue in the volume. The binding is durable buckram with 
the JOURNAL name, volume number, and year stamped in gold on the spine. Payment must 
accompany all orders. Contact Mosby—Year Book, Inc., Subscription Services, 11830 Westline 


Industrial Drive, St. Louis, MO 63146-3318, 


(314) 453-4351, 


USA; phone (800) 325-4177, ext. 4351, or 


Subscriptions must be in force to qualify. Bound volumes are not available in place 


of a regular JOURNAL subscription. 





American Journal of Obstetrics and Gynecology 


Editors 


FREDERICK P. ZUSPAN, Edilor in Chief 


Donna Peterson, Editorial Assistant 
E.J. QUILLIGAN, Editer in Chief 


Sherry A. Merryman, Editorial Assistant 


STEVEN G. GABBE, Associate Editor 
THOMAS J. GARITE, Associate Editor 
MOON H. KIM, Associate Editor 
ALBERTO MANETTA, Associate Editor 


JOHN I. BREWER, Editor Emeritus 


Advisory committee on policy 


Garland D. Anderson Emmet J. Lamb Ruth W. Schwartz 
Mason C. Andrews Roger A. Lobo James J. Sciarra 
E. Forrest Boyd Theodore W. Loring James R. Scott 
Leo J. Dunn Douglas J. Marchant Carol Trumbold 
A. Jerome Freeland Arthur M. McCausland Paul Underwood 
Albert Gerbie James A. Merrill Peter Van Dorsten 
Edgar O. Horger John C. Morrison Ronald V. Wade 
W. Glenn Hurt Frederick Naftolin Sze-ya Yeh 

Walter S. Keifer Karl C. Podratz 


Board of corresponding editors 


Marc Bygdeman, Stockholm, Sweden M. Reuben Peyser, Tel Aviv, Israel 
T.K.A.B. Eskes, Nymegen, The Netherlands Gordon M. Stirrat, Bristol, England 
Wolfgang Künzel, Giessen, West Germany Claude Sureau, Paris, France 


Frank Manning, Winnipeg, Manitoba, Canada Car] Wood, Melbourne, Victoria, Australia 
Matsuto Mochizuki, Kobe, Japan Olavi Ylikorkala, Helsinki, Finland 
Giorgio Pardi, Milan, Italy 


Publisher 

MOSBY-—YEAR BOOK, INC., 11830 Westline Industrial Drive, 
St. Louis, MO 63146-3318 

Kay G. Goehler, Senior Manuscript Editor 


in addition to those listed on the front cover 
the Journal is the official publication 
of the following societies 


NEW YORK OBSTETRICAL SOCIETY 

OBSTETRICAL SOCIETY OF PHILADELPHIA 

BROOKLYN GYNECOLOGICAL SOCIETY 

ST, LOUIS GYNECOLOGICAL SOCIETY 

NEW ORLEANS GYNECOLOGICAL AND OBSTETRICAL SOCIETY 

THE OBSTETRICAL AND GYNECOLOGICAL SOCIETY OF MARYLAND 
CHICAGO GYNECOLOGICAL SOCIETY 

CINCINNATI OBSTETRICAL AND GYNECOLOGICAL SOCIETY 
WASHINGTON GYNECOLOGICAL SOCIETY 

PITTSBURGH OBSTETRICAL AND GYNECOLOGICAL SOCIETY 
BOSTON OBSTETRICAL SOCIETY 

LOUISVILLE OBSTETRICAL AND-GYNECOLOGICAL SOCIETY 
SEATTLE GYNECOLOGICAL SOCIETY 

ALABAMA ASSOCIATION OF OBSTETRICIANS AND GYNECOLOGISTS 
AKRON OBSTETRICAL AND GYNECOLOGICAL SOCIETY 

KANSAS CITY GYNECOLOGICAL SOCIETY 

CENTRAL NEW YORK ASSOCIATION GF GYNECOLOGISTS 

AND OBSTETRICIANS 

NEW JERSEY OBSTETRICAL AND GYNECOLOGICAL SOCIETY 

IOWA OBSTETRIC AND GYNECOLOGIC SOCIETY 

THE TEXAS ASSOCIATION OF OBSTETRICIANS AND GYNECOLOGISTS 
OKLAHOMA CITY OBSTETRICAL AND GYNECOLOGICAL SOCIETY 
MEMPHIS OBSTETRICAL AND GYNECOLOGICAL SOCIETY 

UTAH OBSTETRICAL AND GYNECOLOGICAL SOCIETY 
ROCHESTER OBSTETRICAL AND GYNECOLOGICAL SOCIETY 
ARKANSAS OBSTETRICAL AND GYNECCLOGICAL SOCIETY 
TENNESSEE STATE OBSTETRICAL AND GYNECOLOGICAL SOCIETY 
NEW YORK GYNECOLOGICAL SOCIETY 

PACIFIC NORTHWEST OBSTETRICAL AND GYNECOLOGICAL ASSOCIATION 
BUFFALO OBSTETRICAL AND GYNECOLOGICAL SOCIETY 

SAN FRANCISCO GYNECOLOGICAL SOCIETY 

JACKSON GYNECIC SOCIETY 

INDIANA OBSTETRICAL AND GYNECOLOGICAL SOCIETY 

THE MINNESOTA OBSTETRICAL AND GYNECOLOGICAL SOCIETY 
COLUMBUS OBSTETRIC AND GYNECOLOGIC SOCIETY 

GREATER HARTFORD OBSTETRICAL AND GYNECOLOGICAL SOCIETY 
CLEVELAND SOCIETY OF OBSTETRICIANS AND GYNECOLOGISTS 


Volume 166 
Copyright © 1992 by Mosby—Year Book, Inc. 
(All rights reserved) 


Printed in the United States of America 


Index to volume 166 
Author index* 


A 


Aarons JH (see Peterson et al). 1992;166:513-8 

Abraham GE (see Buster et al). 1992;166:1163-70 

Abramowicz JS (see Sherer et al). 1992;166:33-5 

——-- (see Sherer et al). 1992;166:169-70 

Adamson GD. Treatment of uterine fibroids: current findings 
with | gonadotropin-releasing hormone agonists. 
1992;166:746-51 

- —— (see Subak et al). 1992;166:1597-606 

. Adcock LL (see Elg et al). 1992;166:134-7 

Addabbo M (see Diamond et al). 1992;166:70-7 

Addison WA (see Livengood et al). 1992;166:519-24 

Adelmann-Grill BC (see Osmers et al). 1992;166:1455-60 

Admon D (see Timor-Tritsch et al). 1992;165:866-72 

Afif AM, Bhatia AR, Eyal F. Hydrops fetalis associated with 
congenital myotonic dystrophy. 1992;166:929-30 

Aitken RJ. Criteria for the diagnosis of infertility. 

1992;166:264-5 (Letter reply) 

Akagi K (see Watanabe et al). 1992;166:246-55 

Aksel S (see Alexander et al). 1992;166:652-7 - 

Alaupovic P (see Wild et al). 1992;166:1191-7 

-Alcalay M (see Schiff et al). 1992;166:624-8 

“Ales KL. More on early detection of ‘preeclampsia. 
1992;166:1306-7 (Letter) 

Alexander GR, de Caunes F, Hulsey TC, ‘Tompkins ME, Allen 
M. Validity of postnatal assessments of gestational age: 'a 
comparison of the method of Ballard et al. and early ultra- 
sonography. 1992;166:891-5 

Alexander NDE (see Hunter et al). 1992;166: 504- 1] 


*January, part 1, 1-272; part 2, 273-478; February, 479-772; 
March, 773-1028; April, 1029-1314; May, 1315-1594; June, 
part 1, 1595-1948; part 2, 1949-2012. 


Alexander SE, Aksel S, Yeoman RR, Hazelton JM. Gonado- 
‘tropin and ovarian hormone dynamics in luteal phase de- 

fects. 1992;166:652-7 

Allan LD (see Sharland et al). 1992;166:9-13 

Allen M (see Alexander et al). 1992;166:891-5 

Almog R, Goldkrand JW, Saulsbery RA, Samsonoff C. Pre- 
diction of respiratory distress syndrome by a new colori- 
metric assay. 1992; 166:1827-34 

Alpert E (see Greenberg et al). 1992; 166:1388-92 

Altabef KM, Spencer JT, Zinberg S. Intravenous nitroglycerin 
for uterine relaxation of an inverted uterus. 1992;166: 
1237-8 

Altaras MM (see Rosen et al). 1992;166:542-4 

Altshuler G. Examination of placentas by pathologists. 
1992;166:]212 (Letter) 

Alvarez F (see Sivin et al). 1992;166:1208-13 

Amestoy G (see Otafio et al). 1992;166:263 (Letter) 

Amiel S (see Diamond et al). 1992;166:70-7 

Amon E (see Kivikoski and Amon). 1992;166:770 (Letter) 

Amsel } (see Schifrin et al). 1992;166:566-76 

Andersen RN (see Phillips et al). 1992;166:978-82 

Andersen WA (see Peters et al). 1992;166:1646-54 

Anderson DJ (see Hill and Anderson). 1992;166:720-6 

(see Hill et al). 1992;166:1044-52 

Anderson G (see Shy et al). 1992;166:1698-706 

Anderson GD, Bada HS, Shaver DC, Harvey CJ, Korones SB, 
Wong SP, Arheart KL, Magill HL. The effect of cesarean 
section on intraventricular hemorrhage in the preterm in- 
fant. 1992:166:1091-101 

Anderson GH (see Benedet et al). 1992;166:1254-9 

Anton-Culver H, Bloss JD, Bringman D, Lee-Feldstein A, 
DiSaia P, Manetta A. Comparison of adenocarcinoma and 
squamous cell carcinoma of the uterine cervix: a population- 
based epidemiologic study. 1992;166:1507-14 

Arabin B (see van Eyck and Arabin). 1992;166:1293-4 





t 


1895 


1896 Author index 


Aranguren G (see Sanjurjo et al). 1992;:66:1023 (Letter) 

Arbel Y (see Rosen et al). 1992;166:542-4 

Arduini D (see Rizzo et al). 1992;166:1271-80 

Arheert KL (see Anderson et al). 1992;166:1091-101 

Arrick BA (see Berchuck et al). 1992;166:676-84 

Athanassiadis AP (see Romero et al). 1992;166:1382-8 

Atrash HK (see Franks et al}. 1992;166:_339-44 
August P, Marcaccio B, Gertner JM, Druzin ML, Resnick LM, 

' Laragh JH. Abnormal! 1,25-dihydroxyvitamin D metabolism 
in preeclampsia. 1992;166:1295-9 

Austin DF (see Byrne et al). 1992;166:788-93 

Avila C (see Romero et al). 1992;166:95-9 

——- (see Romero et al). 1992;166:129-3% 

—- (see Romero et al). 1992;166:1576-&7 

Azen C (see Platt et al). 1992;166:1150-62 

Azuma C, Saji F, Takemura M, Ohashi E, Kimura T, Miyake 
A, Takagi T, Tanizawa O. Triplet pregnancy involving com- 
plete hydatidiform mole and two fetuses: genetic analysis 
by deoxyribonucleic acid fingerprint. 1992;166:664-7 


B 


Bada HS (see Anderson et al}. 1992;166:1091-101 

Baggisa MS, Barash F, Noel Y, Brooks M. Comparison of 
thermal injury zones in loop electrical and laser cervical 
excisional conization. 1992;166:545-8 

Baker [R Jr (see Hansen et al). 1992;166:87-90 

Baker PN, Pipkin FB, Symonds EM. Changes in human plate- 
let angiotensin I] binding sites associated with early preg- 
nancy. 1992;166:255-6 

, Symonds EM. The resolution of chrenic pelvic pain after 
normal laparoscopy findings. 1992;166:835-6 

Baker Y (see Butterworth et al), 1992;16€:803-9 

Balaban D (see Cowchock et al). 1992;166:1318-23 

Ball RH, Parer JT. The physiologic mecnanisms of variable 
decelerations. 1992;166:1683-9 

Ballegeer VC, Spitz B, De Baene LA, Van Assche AF, Hidajat 
M, Criel AM. Platelet activation and vascular damage in 
gestational hypertension. 1992;166:629-33 

Balsan M (see Delpapa et al). 1992;166:1007-12 

Barash F (see Baggish et al). 1992;166:545-8 

Barberis LM (see Martinez et al). 1992;166:1429-35 

Barbier. RL. Hormone treatment of endometriosis: the estro- 
gen threshold hypothesis. 1992; 166:74C-5 

——-. Human ovarian 17-ketosteroid oxidoreductase: unique 
characteristics of the granulosa-luteal cell and stromal en- 
zyme. 1992;166:1117-26 

(see Chalas et al). 1992:166:974-7 

Bar-Levie Y (see Wiznitzer et al). 1992;16€:20-1 

Barratt © (see Kessopoulou et al), 1992;165:264 (Letter) 

Barrett RJ (see Sutton et al). 1992;166:556-9 

Barth RA, Guillot AP, Capeless EL, Clemmons JJW. Prenatal 
diagnosis of autosomal recessive polycystic kidney disease: 
variable outcome within one family. 1992;166:560-7 

Barton DPJ, Cavanagh D, Roberts WS, Hoffman MS, Fiorica 
JV, Finan MA. Radical hysterectomy for treatment of cer- 
vical cancer: a prospective study of two methods of closed- 
suction drainage. 1992; 166:533-7 

Barton JR, Shaver DC, Stbai BM. Successive pregnancies com- 
plicated by idiopathic sideroblastic anemia. 1992;166:576-7 

Bast RC Jr (see Berchuck et al). 1992;166:676-84 

(see Wu et al). 1992;166:997-1007 

Bates GW, Blackhurst DW. Leadership qualities of obstetrics 
and gynecology department chairmen of United States med- 
ical schools. 1992;166:1102-16 

Battaglia FC (see Pardi et al). 1992;166:699-706 











June 1992 
Am J Obstet Gynecol 


Battisti P (see Cugini et al). 1992; 166:54-60 

Baumann AL (see Santos et al). 1992;166:257-62 

Bayer SR (see Reindollar et al). 1992;166:184-91 

Baylis C (see Reckelhoff et al). 1992; 166:1546-50 

Beaman KD (see Kwak et al). 1992;166:1787-98 

Beer AE (see Kwak et al). 1992;166:1787-98 

Behnke E (see Romero et al). 1992;166:129-33 

Belanger K (see Rotmensch et al). 1992; 166:1330-4 

Benacerraf BR (see Bromey et al). 1992;166:1473-81 

Ben-Baruch G (see Schiff et al). 1992;166:624-8 

Benedet JL, Anderson GH, Matisic JP. A comprehensive pro- 
gram for cervical cancer detection and management. 
1992: 166:1254-9 . 

Benedetti TJ (see Davison et al). 1992;166:497-502 

Benigno BB (see Nezhat et al). 1992;166:864-5 

Bennett PR, Elder MG. The mechanisms of preterm labor: 
common genital tract pathogens do not metabolize arachi- 
donic acid to prostaglandins or to other eicosanoids. 
1992;166:1541-5 

Ben-Nun I (see Rosen et al). 1992;166:542-4 

Bent AE (see Summitt et al). 1992;166:1835-44 

Berchuck A, Rodriguez G, Olt G, Whitaker R, Boente MP, 
Arrick BA, Clarke-Pearson DL, Bast RC Jr. Regulation of 
growth of normal ovarian epithelial cells and ovarian cancer 
cell lines by transforming growth factor-B. 1992;166:676- 
84 

Berek JS (see Wu et al). 1992;166:997-1007 

Berkowitz RL (see Lockwood et al). 1992;166:1591 (Letter re- 
ply) 

Berman M (see Fuchtner et al). 1992;166:593-7 

Berman RF (see Cotton et al). 1992;166:1127-36 

Bernstein IM. Ultrasonographic screening for trisomy 21. 
1992;166:1591 (Letter) 

Bernstein L (see Lobo et ald. 1992;166:1182-90 

Betz G (see Eroglu et al). 1992;166:1364-9 

Beyth Y (see Rosen et al). 1992;166:542-4 

Bhardwaj D (see Morrish et al). 1992;166:160-6 

Bhatia AR (see Aff et al). 1992;166:929-30 

Bianchi C (see Fedele et al). 1992;166:1345-50 

Bianchi S (see Fedele et al). 1992;166:1345-50 

Bieber M (see Smith et al). 1992;166:634-45 

Binder N. What is the prognosis for congenital cytomegalo- 
virus infection? 1992;166:1591 (Letter) 

Birmann B (see Lanes et al). 1992;166:956-61 

Bishop AP (see Peebles et al). 1992;166:1369-73 

Bissonnette F, Cook C, Geoghegan T, Steffen M, Henry J, 
Yussman MA, Schultz G. Transforming growth factor-e and 
epidermal growth factor messenger ribonucleic acid and 
protein levels in human placentas from early, mid, and late 
gestation. 1992;166:192-9 

(see Sanfilippo et al). 1992;166:155-9 

Blackhurst DW (see Bates and Blackhurst). 1992;166:1102- 
16 

Blake PG (see Pickhardt et al). 1992;166:1811-9 

Blakemore K (see Kickler et al). 1992;166:1407-1] 

Blanchet P (see Villeneuve etal). 1992; 166:267-8 (Letter reply) 

Blann AD. Preeclampsia, von Willebrand factor antigen, and 
endothelial cells. 1992;166:769 (Letter) 

Bleker OP (see Swartjes et al). 1992;166:532 

Blessing JA (see Sutton et al. 1992;166:556-9 

Bloss JD (see Anton-Culver et al). 1992;166:1507-14 

Blotner M (see Corsan et al). 1992;166:41-6 

Bocciolone L (see Fedele et al). 1992;166:1345-50 

Boente MP (see Berchuck et al). 1992;166:676-84 

Bohrer M ‘see Corsan et al). 1992;166:41-6 





Volume 166 
Number 6, Part 1 


Bolton RN. Folly, woodenheadedness, and the alluvial mind: 
presidential address. 1992;166:1595-6 

Boltz NL (see Subak et al). 1992;166:1597-606 

Bookstein J] (see Gilbert et al). 1992;166:493-7 

Borst M (see Butterworth et al). 1992;166:803-9 

Bowes WA Jr (see Katz and Bowes). 1992;166:171-83 (Curr. 
dev.) 

Bowman JM, Pollock JM, Manning FA, Harman CR. Severe 
anti-C hemolytic disease of the newborn. 1992;166:1239-43 

Boyer CM (see Wu et al). 1992;166:997-1007 

Boylan PC {see Cahill et al). 1992;166:847-50 

Bozzetti P (see Pardi et al). 1992;166:699-706 

Brache V (see Sivin et al). 1992;166:1208-13- 

Bracken MB (see Romero et al). 1992;166:1382-8 

Branch DW (see Cowchock et al). 1992;166:1318&-23 

Brandt R (see Rajabi et al). 1992;166:242-6 

Brewer AS (see Myatt et al). 1992;166:224-30 ` 

Briggs GG (see Garite et al). 1992;166:646-51 

Bringer J. Norgestimate: a clinical overview of a new ee 
tin. 1992;166:1969-77 

Bringman D (see Anton-Culver et al). 1992;166:1507- 14 

Brinton LA (see Sturgeon et al). 1992;166:1482-5 

Brockman DE (see Myatt et al). 1992;166:224-30 

Broekhuizen FF, Utrie J, Van Mullem C. Drug use or inade- 
quate prenatal care? Adverse pregnancy outcome in an ur- 
ban setting. 1992;166:1747-56 

Bromley B, Estroff JA, Sanders SP, Parad R, Roberts D, Fri- 
goletto FD Jr, Benacerraf BR. Fetal echocardiography: ac- 
curacy and limitations in a population at high and low risk 
for heart defects. 1992;166:1473-81 

Brookhyser K (see Hanson et al). 1992;166:1707-11 

Brooks M (see Baggish et al). 1992;166:545-8 

Brown CRY (see Slaughter and Brown). 1992;166:83-6 

Brown Z (see Peterson et al). 1992;166:513-8 

Brubaker DB, Ross MG, Marinoff D. The function of elevated 
plasma fibronectin in preeclampsia. 1992;166:526-31 

Brudenell MJ (see Salvesen et al). 1992;166:1287-92 

Bruder N (see Chatwani et al), 1992;166:143-4 

Bundy BN (see Sutton et al). 1992;166:50-3 

Burdorf G (see Schifrin et al). 1992;166:566-76 

Burke B (see Zemlickis et al). 1992;166:781-7 

Burnell EE (see Martinez et al). 1992;166:1429-35 

Burrell MO (see Nezhat et al). 1992;166:864-5 

Burry KA. Nafarelin in the management of endometriosis: 
quality of life assessment. .1992;166:735-9 

Burschyk M (see Ganshirt-Ahlert et al). 1992;166:1350-5 

Buscaglia M (see Pardi et al). 1992; 166:699-706 

Buster JE, Casson PR, Straughn AB, Dale D, Umstot ES, Chia- 
mori N, Abraham GE. Postmenopausal steroid replacement 
with micronized dehydroepiandrosterone: preliminary oral 
bioavailability and dose proportionality studies. 
1992; 166:1163-70 

Butler WJ (see Plouffe et al). 1992;166:263-4 (Letter reply) 

Butterworth CE Jr, Hatch KD, Soong S-J, Cole P, ‘Tamura T, 
Sauberlich HE, Borst M, Macaluso M, Baker V. Oral folic 
acid supplementation for cervical dysplasia: a clinical inter- 
vention trial. 1992;166:803-9 

Buyruk HM (see Vleeming et al). 1992;166:1243-7 

Byrne J, Fears TR, Gail MH, Pee D, Connelly RR, Austin DF, 
Holmes GF, Holmes FF, Latourette HB, Meigs JW, Strong 
LC, Myers MH, Mulvihill J]. Early menopause in long-term 
survivors of cancer during adolescence. 1992;166:788-93 


C 
Cabalum T (see Sadowsky et al). 1992;166:200-5 


Author index 1897 


Cadkin AV. Crown-rump length dating of pregnancy at less 
than 9 weeks’ gestation. 1992;166:269 (Letter) 

Cahill DJ, Boylan PC, O’Herlihy C. Does oxytocin augmen- 
tation increase perinatal risk in primigravid labor? 
1992;166:847-50 

Cain JM (see Tamimi et al). 1992;166:1655-62 

Callan N (see Kickler et al). 1992;166:1407-11 

Campbell S (see Jauniaux et al). 1992;166:585-7 

Campbell WA (see Vintzileos et al). 1992;166:1589 (Letter re- 
ply) 

Candiani GB (see Fedele et al). 1992; 166: 1345-50 

Capeless EL (see Barth et al). 1992;166:560-7 

Capen CV (see Shull et al). 1992;166:1764-71 

Caprio S (see Diamond et al). 1992;166:70-7 

Carson LF (see Elg et al). 1992;166:134-7 

Cassell GH (see Romero et al). 1992;166:129-33 

Cassidenti DL, Pike MC, Vijod AG, Stanczyk FZ, Lobo RA. A 
reevaluation of estrogen status in postmenopausal women 
who smoke. 1992;166:1444-8 

Casson PR (see Buster et al). 1992;166:1163-70 

Catanzarite VA. The natural history of thrombocytopenia as- 
sociated with preeclampsia. 1992;166:770-1 (Letter) 

Cavanagh D (see Barton et al). 1992;166:533-7 

(see Hoffman et al). 1992;166:30-3 

Cetin I (see Pardi et al). 1992;166:699-706 

Cezar C (see Johnson et al). 1992;166:138-42 

Chalas E, Welshinger M, Engellener W, Chumas J, Barbieri 
R, Mann WJ. The clinical significance of thrombocytosis in 
women presenting with a pelvic mass. 1992;166:974-7 

Chamberlin RO. Eosinophilic cystitis during pregnancy. 
1992; 166:28-9 

Chambers C (see Meyer et al). 1992;166:612-7 

Chan LS (see Macer et al). 1992;166:1690-7 

Chandrasekhar Y, Heiner J, Osuamkpe C, Nagamani M. In- 
sulin-like growth factor I and II binding in human myo- 
metrium and leiomyomas. 1992;166:64-9 

Chang AE (see Dilts et al). 1992;166:167-8 

Chang F-M (see Kuo et al). 1992;166:880-6 

Chang J-K, Roman C, Heymann MA. Effect of endothelium- 
derived relaxing factor inhibition on the umbilical-placental 
circulation in fetal lambs in utero. 1992:166:727-34 

Chang V (see Xu et al). 1992;166:1021-2 (Letter reply) 

Chang Y-L (see Tseng et al). 1992;166:35-40 

Chaplin MD. Bioavailability of nafarelin in healthy volunteers. 
1992; 166:762-5 

Charlton VE (see Harding et al). 1992;166:671-6 

Chatterjee MS (see Del Valle et al). 1992;166:127-9 

— (see Joffe et al). 1992;166:896-900 

Chatwani A, Bruder N, Shapiro T, Reece EA. May-Hegglin 
anomaly: a rare case of maternal thrombocytopenia in preg- 
nancy. 1992;166:143-4 

, Shapiro T, Mitra A, LevToaff A, Reece EA. Postpartum 
paravaginal hematoma and lower-extremity infection. 
1992;166:598-600 _ 

Chazotte C, Girz B, Koenigsberg M, Cohen WR. Infarction 
of placental chorioangioma and associated regression of hy- 
drops fetalis. 1992;166:1306 (Letter reply) 

Chen L-J (see Tseng et al). 1992;166:35-40 

Chen MD, Greenspoon JS, Long TL. Latex anaphylaxis in an 
obstetrics and gynecology physician. 1992; 166:968-9 

Cheng HH (see Nicolaides et al). 1992;166:932-7 

Chessex P (see Hazan et al). 1992;166:768-9 (Letter reply) 

Chiamori N (see Buster et al). 1992:166:1163-70 

Chin H (see Gilbert et al). 1992;166:493-7 

Christiaens GCML (see van Eijkeren et al). 1992;166:1419-28 








1898 Author index 


Chumas J (see Chalas et al). 1992;166:974-7 

Cialone PR (see Sherer et al). 1992; 166:33-5 

Clarx BA, Halvorson L, Sachs B, Epste.n FH. Plasma endoth- 
elin levels in preeclampsia: elevation and correlation with 
uric acid levels and renal impairmer.t. 1992;166:962-8 

Clarke-Pearson DL (see Berchuck et ali. 1992;166:676-84 

Clemmons JJW (see Barth et al). 1992;166:560-7 

Cody RL (see Dilts et al). 1992;166:167-8 

Cohen A (see Lang et al). 1992;166:1374-8 

Cohen AW (see Lindenbaum et al). 1992;166:925-8 

Cohen M (see Marte et al). 1992;166:1232-7 

Cohen WR (see Chazotte et al). 1992;166:1306 (Letter reply) 

Cole P (see Butterworth et al). 1992;1€6:803-9 

Coleman DL, Gallup DG, Wolcott HD, Otken LB, Stock RJ. 
Patterns of failure of bulky-barrel carcinomas of the cervix. 
1992; 166:916-20 

Coleman SA (see McCord et al). 1992;166:1772-9 

Collins JH. First report: telemetry-assisted ambulatory non- 
stress test. 1992;166:1020-1 (Letter) 

. The short umbilical cord. 1992;166:268-9 (Letter) 

Colmorgen GHC, Johnson C, Zazzarino MA, Durinzi K. Rou- 
tine urine drug screening at the first prenatal visit. 
1992; 166:588-90 

Combs CA (see Rosenn et al). 1992:165:1214-8 

Conley MR (see Peterson et al). 1992;166:513-8 

Cornelly RR (see Byrne et al). 1992;166:788-93 

Cock C (see Bissonnette et al). 1992;166:192-9 

—— (see Sanfilippo et al). 1992;166:155-9 

Cope M (see Peebles et al). 1992; 166:1369-73 

Copeland D (see Romero et al). 1992;166:1576-87 

Corsan GH, Kemmann E, Bohrer M, Blotner M, Smilow P, 
Shelden R. Use of urinary luteinizing hormone immuno- 
assays in the assessment of luteal function in infertile 
women. 1992;166:41-6 

Cotton DB, Janusz CA, Berman RF. Anticonvulsant effects of 
magnesium sulfate on hippocampal seizures: therapeutic 
implications in preeclampsia-eclampsia. 1992;166:1127-35 

Coulam CB (see Peters et al). 1992;166:1738-46 

—— (see Stern and Coulam). 1992;166:1844-52 

Cowan BD; Vandermolen DT, Long CA, Whitworth NS. Re- 
ceiver-operator characteristic, efficiency analysis, and pre- 
dictive value of serum progesterone concentration as a test 
for abnormal gestations. 1992; 166:1729-37 

Cowan R (see Robertson et al). 1992;166:1629-45 

Cowchock FS, Reece EA, Balaban D, Branch DW, Plouffe L. 
Repeated fetal losses associated wich antiphospholipid an- 
tibodies: a collaborative randomized trial comparing pred- 
nisone with low-dose heparin treatment. 1992;166:1318-22 

Crammond JE (see Secker-Walker et al), 1992;166:1356-63 

Crawford RA (see Robson et al). 1992;166:78-82 

Creasman WT, DiSaia PJ. Ovarian cancer screening. 
1992; 166:1592-3 (Letter reply) 

(see Sutton et al). 1992;166:50-3 

Creasy RK (see Robertson et al). 1992; 166:1629-45 

Criel AM (see Ballegeer et al). 1992;166:629-33 

Crook D, Cust MP, Gangar KF, Worthington M, Hillard TC, 
Stevenson JC, Whitehead MI, Wynn V. Comparison of 
transdermal and oral estrogen/ progestin replacement ther- 
apy: effects on serum lipids and lipoproteins. 1992;166: 
950-5 

(see Godsland et al). 1992;166:1955-63 

Cruikshank SH. Prophylactic sacrospinous fixation discour- 
aged. 1992;166:1022-3 (Letter reply) . 

Cugini P, Di Palma L, Battisti P, Leone G, Pachi A, Paesano 
R, Masella C, Stirati G, Pierucci A, Rocca AR, Morabito S. 











Jane 1992 
Am ] Obstet Gynecol 


Describing and interpreting 24-hour blood pressure pat- | 
terns in physiologic pregnancy. 1992;166:54-60 
Cullen M (see Reece et al). 1992;166:775-80 (Clin. opinion) 
Cunningham GC (see Platt et al). 1992;166:1328-9 
Curet LB (see Del Valle et al). 1992;166:127-9 
(see Joffe et al). 1992; 166:896-900 
Cust MP (see Crook et al). 1992;166:950-5 





D 


Dahrouge D (see Safrin et al). 1992;166:1300-5 

Dale D (see Buster et al}. 1992;166:1163-70 

Daling JR (see Hickok et al). 1992;166:85 1-2 

D’Alten M, Mercer B, Riddick E, Dudley D. Serial thoracic 
versus abdominal circumference ratios for the prediction of 
pulmonary hypoplasia in premature rupture of the mem- 
branes remote from term. 1992;166:658-63 

Damewood M (see Xu et al). 1992;166:1021-2 (Letter reply) 

D’Angio C (see Mahone et al). 1992;166:1219-2] 

Daniel SS, James LS, MacCarter G, Morishima HO, Stark RI. 
Long-term acid-base measurements in the fetal and mater- 
nal baboon. 1992;166:707-12 

Danielian P. Erythromycin, motilin, and meconium. 
1992;166:767 (Letter) 

Darney P (see Sivin et al). 1992;166:1208-13 

Darnule AT (see Greenberg et al). 1992;166:1388-92 

Davidson SR (see Reid et al). 1992;166:231-5 

Davison L, Easterling TR, Jackson JC, Benedetti T]. Breech 
extraction of low-birth-weight second twins: Can cesarean 
section be justified? 1992; 166:497-502 

Deayton J (see Hooper et al). 1992;166:1568-75 

De Baene LA (see Ballegeer et al}. 1992; 166:629-33 

de Caunes F (see Alexander et al). 1992;166:891-5 

DeCesare SL (see Hoffman et al). 1992;166:30-3 

DeCherney AH (see Hershlag et al). 1992;166:1-3 (Clin. opin- 
ion) 

isee Shapiro et al). 1992;166:1495-500 

Degani S. Applicability of the Poiseuille equation to umbilical 
artery velocimetry. 1992;166:766-7 (Letter) 

Degendorfer P (see Zemlickis et al). 1992; 166:781-7 

DeGennaro N (see Diamond et al). 1992; 166:70-7 

de la Cruz F (see Platt et al). 1992;166:1150-62 

DeLancey JOL. Anatcmic aspects of vaginal eversion after 
hysterectomy. 1992;166:1717-28 

Delgado G (see Sutton et al). 1992;166:50-3 

Delgado P (see Peterson-et al). 1992;166:562-6 

Delpapa EH, Edelstone DI, Milley JR, Balsan M. Effects of 
chronic maternal anemia on systemic and uteroplacental 
oxygenation in near-term pregnant sheep. 1992;166:1007- 
12 

Delpy DT (see Peebles et al). 1992;166:1369-73 

Del Valle GO, Joffe GM, Izquierdo LA, Smith JF, Kasnic T, 
Gilson GJ, Chatterjee MS, Curet LB. Acute posttraumatic 
fetal anemia treated with fetal intravascular transfusion. 
1992;166:127-9 

(see Joffe et al). 1992; 166:896-900 

DeMott RK, Sandmire HF. The Green Bay cesarean section 
study. II. The physician factor as a determinant of cesarean 
birth rates for failed labor. 1992;166:1799-810 

Deter RL (see Mari and Deter). 1992;166:1262-70 

Devesa SS (see Sturgeon et al). 1992;166:1482-5 

Devir M (see Schiff et al). 1992;166:624-8 

de Vries EGE (see van der Zee et al). 1992;166:265-6 (Letter 
reply) 

Diamond MP, Reece EA, Caprio S, Jones TW, Amiel S, 
DeGennaro N, Laudano A, Addabbo M, Sherwin RS, Tam- 








Volume 166 
Number 6, Part 1 


borlane WV. Impairment of counterregulatory hormone re- 
sponses to hypoglycemia in pregnant women with insulin- 
dependent diabetes mellitus. 1992; 166:70-7 | 

Diaz S (see Sivin et al). 1992; 166:1208-13 

Dickinson JE (see Meyer et al). 1992;166:612-7 

Diczfalusy E. Contraceptive prevalence, reproductive health, 
and international morality. 1992;166:1037-43 

Dilts PV Jr, Hopkins MP, Chang AE, Cody RL. Rapid growth 
of leiomyoma in patient receiving tamoxifen. 1992;166: 
167-8 

Dimaio MS (see Rotmensch et al). 1992;166:591-2 

DiMarzo SJ, Kennedy JF, Young PE, Hebert SA, Rosenberg 
DC, Villanueva B. Effect of controlled ovarian hyperstim- 
ulation on pregnancy rates after intrauterine insemination. 
1992;166:1607-13 

Di Palma L (see Cugini et al). 1992;166:54-60 

DiSaia P} (see Anton-Culver et al). 1992;166:1507-14 

—— (see Creasman and DiSata). 1992;166:1592-3 (Letter re- 
ply) 

——— (see Fuchtner et al). 1992;166:593-7 

Dodds WG, Miller FA, Friedman CI, Lisko B, Goldberg JM, 
Kim MH. The effect of preovulatory peritoneal fluid from 
cases of endometriosis on murine in vitro fertilization, em- 
bryo development, oviduct transport, and implantation. 
1992;166:219-24 

Doemeny J (see Gilbert et al). 1992;166:493-7 

Dominguez A (see Zamora-Garza et al). 1992;166:1247-8 

Dotters DJ (see Stephenson et al). 1992;166:1324-7 

Doty E (see Haney and Doty). 1992;166:1137-49 

Dover G (see Kickler et al). 1992;166:1407-11 

Dramusic V (see McCarthy et al). 1992;166:2005-10 

Droegemueller W (see Stephenson et al). 1992;166:1324-7 

Druzin ML (see August et al). 1992;166:1295-9 

Ducroz B (see Pourrat et al). 1992;166:766 (Letter) 

Dudley A (see Hage et al). 1992;166:1853-62 

Dudley D (see D’Alton et al). 1992;166:658-63 

Dunsmore KP (see Kay et al). 1992;166:110-1 

Durinzi K (see Colmorgen et al). 1992;166:588-90 


E 
Easterling TR (see Davison et al). 1992;166:497-502 


Economides DL, Johnson P, Mackenzie IZ. Does amniotic fuid - 


analysis reflect acid-base balance in fetal blood? 
1992; 166:970-3 

Edeistone DI (see Delpapa et al). 1992;166:1007-12 

Edwards AD (see Peebles et al). 1992;166:1369-73 

Edwin SS (see Romero et al). 1992;166:95-9 

Efferth T (see Schneider et al). 1992;166:825-9 

Eggers PC (see Sherer et al). 1992;166:169-70 

Eidelman AI (see Kaplan and Eidelman). 1992;166:768 (Let- 
ter) 

Elder MG (see Bennett and Elder). 1992;166:1541-5 

— (see Morris et al). 1992;166:1228-31 

Elefant E (see Tertian et al). 1992;166:1868 (Letter) 

Elg SA, Yu Y, Carson LF, Adcock LL, Twiggs LB, Prem KA, 
Ramakrishnan S. Serum levels of macrophage colony-stim- 
ulating factor in patients with ovarian cancer undergoing 
second-look laparotomy. 1992;166:134-7 

Elias S (see Phillips et al), 1992;166:978-82 

Ellis G (see Rashad et al). 1992; 166:620-4 

Ellison PH. Details of electronic fetal monitoring randomized 
control trials. 1992;166:1309 (Letter reply) 

Emans SJ (see Woods et al). 1992;166:901-7 

Emma D (see Fuchtner et al). 1992;166:593-7 

Endo H (see Watanabe et al). 1992;166:246-55 


Author index 1899 


Engellener W (see Chalas et al). 1992;166:974-7 

Ensminger M (see Robinson et al). 1992;166:578-83 

Epstein FH (see Clark et al). 1992;166:962-8 

Erkkola RU, Pirhonen JP. Uterine and umbilical flow velocity 
waveforms in normotensive and hypertensive subjects dur- 
ing the angiotensin II sensitivity test. 1992; 166:910-6 

Eroglu G, Betz G, Torregano C. Impact of histocompatibility 
antigens on pregnancy outcome. 1992;166:1364-9 

Escallon C (see Kickler et al). 1992;166:1407-1] 

Eschenbach DA, Hillier S, Nugent RP. Ureaplasma urealyticum 
resistance to erythromycin: confirmed by clinical trial. 
1992;166:1864-5 (Letter reply) 

(see Gibbs et al). 1992;166:1515-28 (Curr. dev.) 

Escobar M (see Shapiro et al). 1992; 166:1495-500 

Eshgj O (see Kjaer et al). 1992;166:1412-8 

Estroff JA (see Bromley et al). 1992;166:1473-8] 

Ettinger B, Genant HK, Steiger P, Madvig P. Low-dosage mi- 
cronized 17f-estradiol prevents bone loss in postmeno- 
pausal women. 1992;166:479-88 

Evans MI, Fletcher JC. Sex selection and early pregnancy fetal 
sex determination: ethics and personal freedom of choice. 
1992;166:1024-5 (Letter reply) 

Evans PC (see Harding et al). 1992;166:671-6 

Eyal F (see Afifi et al). 1992; 166:929-30 





F 


Farmer RM, Medearis AL, Hirata GI, Platt LD. The use of 
neural network for the ultrasonographic estimation of fetal 
weight in the macrosomic fetus. 1992; 166; 1467-72 

Fears TR (see Byrne et al). 1992;166:788-93 

Fedele L, Parazzini F, Radici E, Bocciolone L, Bianchi §, Bian- 
chi C, Candiani GB. Buserelin acetate versus expectant man- 
agement in the treatment of infertility associated with min- 
imal or mild endometriosis: a randomized clinical trial. 
1992;166:1345-50 

Feinberg BB, Tan NS, Gonik B, Brath PC, Walsh SW. In- 
creased progesterone concentrations are necessary to sup- 
press interleukin-2—activated human mononuclear cell cy- 
totoxicity (1991;165:1872-6). 1992;166:1313 (Correction) 

Felding C, Jensen LM, Tønnesen. Influence of alcohol in- 
take on postoperative morbidity after hysterectomy. - 
1992; 166:667-70 

Fertel RH (see Su et al). 1992;166:236-41 

Feuchtbaum L (see Platt et al). 1992;166:1328-9 

Figge DC (see Peters et al). 1992;166:1646-54 

(see Tamimi et al}. 1992;166:1655-62 

Figueroa JP (see Nathanielsz et al). 1992;166:1529-35 

Files JC, Martin JN Jr. Intravenous immunoglobulins in post- 
partum, persistently severe HELLP syndrome: A safe al- 
ternative to plasma exchange? 1992;166:766 (Letter reply) 

Filly R (see Platt et al). 1992;166:1328-9 

Finan MA (see Barton et al). 1992;166:533-7 

—— (see Hoffman et al). 1992;166:30-3 

Finci-Yeheskel Z (see Milwidsky et al). 1992;166:606-12 

Finster M (see Santos et al). 1992;166:257-62 

Fiorica JV (see Barton et al). 1992;166:533-7 

(see Hoffman ‘et al). 1992;166:30-3 

Fisk NM, Parkes MJ, Moore PJ, Hanson MA, Wigglesworth 
J, Rodeck CH. Mimicking low amniotic pressure by chronic 
pharyngeal drainage does not impair lung development in 
fetal sheep. 1992;166:991-6 

Fittkow C (see Osmers et al). 1992;166:1455-60 

Fletcher JC (see Evans and Fletcher). 1992; 166:1024-5 (Letter 
reply) 

Flynn BS (see Secker-Walker et al). 1992; 166:1356-63 








1900 Author index 


Fong IW, McCleary P, Read S. Cellular immunity of patients 
with recurrent or refractory vulvovaginal moniliasis. 
1992;166:887-90 

Forsum U (see Larsson et al). 1992;166:100-3 

Foster CA (see Smith et al). 1992;166:634-45 

Fowden AL, Thian S, Silver M, Ralph MM, Harding R. The 
effects of glycemia on breathing movements and plasma 
prostaglandin E concentrations in the sheep fetus. 
19$2;166:713-9 | l 

Franks AL, Kendrick JS, Olson DR, Atrash HK, Saftlas AF, 
Moien M. Hospitalization for pregnancy complications, 
Un:ted States, 1986 and 1987. 1992;166:1339-44 ` 

Freeman RK (see Garite èt al). 1992;166:646-51 

Friedman Cl (see Dodds et al). 1992;165:219-24 

Friedman SA (see Taylor et al). 1992; 166:769-70 (Letter reply) 

Frigoletto FD Jr (see Bromley et al). 1992;166:1473-81 

Fritz MA. Steroids receptors in the endometrium during clo- 
miphene citrate treatment. 1992;166:1866-7 (Letter reply) 

Fritzsche U. Animals and ethics: how ‘society’s attitudes have 
changed. 1992;166:1312-3 (Letter) | 

Fruchter RG (see Marte et al). 1992;166:1232-7 

Fuchtner C, Manetta A, Walker JL, Emma D, Berman M, 
DiSaia PJ. Radical hysterectomy in the elderly patient: anal- 
ysis of morbidity. 1992;166:593-7 


G 


Gabert HA (see Miller and Gabert). 1992;166:1820-6 

Gadisseux .J-F (see Lamy et al). 1992;165:91-4 

Gadow EC (see Otaño et al). 1992;166:263 (Letter) 

Gagnon R, Morrow R, Ritchie K. Umbilizal artery flow velocity 
after vibratory acoustic stimulation. 1992;166:1865-6 (Let- 
ter reply) 

Gail MH (see Byrne et al). 1992;166:783-93 

Galaid EI (see Rolfs et al). 1992;166:983-90 

Gallo L (see Marte et al). 1992;166:1233-7 

Gallup DG (see Coleman et al). 1992;1€6:916-20 

Gangar KF (see Crook et al). 1992;166:350-5 

Ganshirt-Ahlert D, Burschyk M, Garritsen HSP, Helmer L, 
Miny P, Horst J, Schneider HPG, Holzgreve W. Magnetic 
cell sorting and the transferrin recepzor as potential means 
of prenatal diagnosis from maternal blood. 1992;166: 
1350-5 

Gant NF. Infertility and endometriosis comparison of preg- 
nancy outcomes with laparotomy versus laparoscopic tech- 
niques. 1992;166:1072-81 

Garite TJ, Rumney PJ, Briggs GG, Harding JA, Nageotte MP, 
Towers CV, Freeman RK. A randomized, placebo-con- 
trolled trial of betamethasone for the prevention of respi- 
ratory distress' syndrome at 24 to 28 weeks’ gestation. 
1992; 166:646-51 | 

— see Ray and Garite). 1992;166:835-43 

Garofalo J (see Reece et al). 1992;166:489-92 

Garritsen HSP (see Ganshirt-Ahlert et al). 1992;166:1350-5 

Gaudy V (see Lamy et al). 1992;166:91-4 | 

Gegor C (see Johnson et al). 1992;166: 138-42 

Gelbart SM (see James et al). 1992;166:859-63 

Genant HK (see Ettinger et al). 1992;166:479-88 

Geoghegan T (see Bissonnette et al), 1992;166:192-9 

Gertner JM (see August et al). 1992;165:1295-9 

Geuze HJ (see van Eijkeren et al). 1992;166:1419-28 

Gibbs RS, Romero R, Hillier SL, Eschenbach DA, Sweet RL. 
A review of premature birth and subclinical infection. 
1992;166:1515-28 (Curr. dev.) 

—— (see Hillier et al). 1992;166:938-4¢ 

Gilbert WM, Moore TR, Resnik R, Doemeny J, Chin H, Book- 


June 1992 
Am J Obstet Gynecol 


stein JJ. Angiographic embolization in the management of 
hemorrhagic complications of pregnancy. 1992;166:493-7 

Gilman-Sachs A (see Kwak et al). 1992;166:1787-98 

Gilson GJ (see Del Valle et al). 1992;166:127-9 

(sez Joffe et al). 1992;166:896-900 

Girz B {see Chazotte et al). 1992;166:1306 (Letter reply) 

Glasky MS (see Smith et al). 1992;166:634-45 

Glezerman M (see Meizner et al). 1992;166:907-9 

— (see Wiznitzer et al). 1992;166:20-1 

Godsland IF, Crook D, Wynn V. Clinical and metabolic con- 
siderations of long-term oral contraceptive use. 1992;166: 
1955-63 

Goland RS (see Warren et al). 1992;166:1198-207 

Goldberg GL, Runowicz CD. Ovarian carcinoma of low ma- 
‘lignant potential, infertility, and induction of ovulation: Is 
there a link? 1992;166:853-4 

Goldberg JM (see Dodds et al). 1992;166:219-24 

Goldberger SB (see Rosen et al). 1992;166:542-4 

Goldenberg RL (see Robertson et al). 1992; 166:1629-45 

Goldkrand JW (see Almog et al). 1992;166:1827-34 

Goldstein SR. Increasing use of gynecologic ultrasonography. 
1992;166:1310-1 (Letter) 

. The tip of the iceberg and the best fit in ultrasonographic 

‘ dating of pregnancy. 1992;166:1868 (Letter reply) 

Goner: R. Amniotic fluid glucose and intraamniotic infection: 
sensitivity,. specificity, and predictive values. 1992;166:1863 
(Letter) 

Goodno JA Jr, Powers TW. Modified retropubic cystoureth- 
ropexy II. 1992;166:1578-82 

Gordon DC (see Hickok et al). 1992;166:851-2 

Gosink BB. Ovarian cancer screening. 1992;166:1591-2 (Let- 
ter) 

Gown AM (see Tamimi et al). 1992;166:1655-62 

Grace E (see Woods et al). 1992;166:901-7 

Gray MR (see Reindollar et al). 1992; 166:184-91 

Greenberg F, Schmidt D, Darnule AT, Weyland BR, Rose E, 
Alpert E. Maternal serum a-fetoprotein, 8-human chorionic 
gonadotropin, and unconjugated estriol levels in midtrimes- 
ter trisomy 18 pregnancies. 1992;166:1388-92 

Greenberg MD (see Reid et al). 1992;166:815-20 

Greenidge S (see Timor-Tritsch et al). 1992;166:866-72 

Greenspoon JS (see Chen et al). 1992;166:968-9 

Greer BE (see Tamimi et al). 1992;166:1655-62 

Grimes DA. Frontiers of operative laparoscopy: a review and 
critique of the evidence. 1992;166:1062-71 

. The safety of oral contraceptives: epidemiologic insights 

from the first 30 years. 1992;166:1950-4 

(see Romo et al). 1992;166:878-9 

Grothaus LG (see Shy et al). 1992; 166:1698-706 

Grubb DK. Nonsurgical management of penetrating uterine 
trauma In pregnancy: a case report. 1992;166:583-4 

Grunwald K (see Runnebaum et al). 1992;166:1963-8 

Guillot AP (see Barth et al). 1992;166:560-7 

Gurman G (see Wiznitzer et al). 1992;166:20-1 

Guzick D. (see Hill et al). 1992;166:551-5 


H 


Hagav Z (see Reece et al). 1992;166:489-92 

— (see Romero et al). 1992;166:618-20 

Hage ML, Helms MJ, Dudley A, Stead WW, Hammond WE, 
Neyland C, Hammond CB. Acute childbirth morbidity: its 
measurement using hospital charges. 1992;166:1853-62 

—— (see Kay et al). 1992;166:110-1 

Hagen C (see Kjaer et al). 1992;166:1412-8 

Halvorson L (see Clark et al). 1992;166:962-8 




















Volume 166 
Number 6, Part | 


Hammond CB (see Hage et al). 1992;166:1853-62 

Hammond WE (see Hage et al). 1992;166:1853-62 

Hanaoka S (see Romero et al). 1992;166:1382-8 

Haney AF, Doty E. Comparison of the peritoneal cells elicited 
by oxidized regenerated cellulose (Interceed) and expanded 
polytetrafluoroethylene (Gore-Tex Surgical Membrane) in 
a murine model. 1992;166:1137-49 

Hanley WB (see Platt et al). 1992;166:1150-62 

Hansen KA, Opsahl MS, Nieman LK, Baker JR Jr, Klein TA. 
Natural killer cell activity from pregnant subjects is mod- 
ulated by RU 486. 1992;166:87-90 

Hanson FW, Tennant F, Hune S, Brookhyser K. Early am- 
niocentesis: outcome, risks, and technical problems at = 
12.8 weeks. 1992;166:1707-11 

Hanson L (see James et al). 1992;166:859-63 

Hanson MA (see Fisk et al). 1992;166:991-6 

Harding JA (see Garite et al). 1992;166:646-51 

Harding JE, Charlton VE, Evans PC. Effects of B-hydroxy- 
butyrate infusion on hind limb metabolism in fetal sheep. 
1992;166:671-6 

Harding R (see Fowden et al). 1992;166:713-9 

———— (see Hooper et al). 1992;166:1568-75 

Harger JH. Frequency of positive antinuclear antibody test 
results in women with recurrent spontaneous abortions. 
1992;166:1021 (Letter) 

Harlap S. The benefits and risks of .hormone replace- 
ment therapy: an epidemiologic overview. 1992;166:1986- 


Harlow BL (see Hill et al). 1992;166:1044-52 

Harman CR (see Bowman et al). 1992;166:1239-43 

Hartuv J (see Niv et al). 1992;166:930-1 

Harvey CJ (see Anderson et al). 1992;166:1091-101 

Hashimoto T (see Nakamura et al). 1992;166:1865 (Letter) 

Haspels AA (see van Eijkeren et al). 1992;166:1419-28 

Hatch KD (see Butterworth et al). 1992;166:803-¢ 

Havens KK (see Woods et al). 1992;166:901-7 

Hazan J, Maag U, Chessex P. Hypothermia revisited. 
1992; 166:768-9 (Letter reply) 

Hazelton JM (see Alexander et al). 1992;166:652-7 

Hebert SA (see DiMarzo et al), 1992;166:1607-13 

Hecht J (see Shy et al). 1992;166:1698-706 

Heilbron D (see Robertson et al). 1992;166:1629-45 

Heiner J (see Chandrasekhar et al), 1992; 166:64-9 

Heller F. The issue of animal rights and human rights. 
1992:166:1588-9 (Letter) 

Helmer L (see Ganshirt-Ahlert et al). 1992;166:1350-5 

Helmrich G, Stubbs TM, Stoerker J. Fatal maternal laryngeal 
papillomatosis in pregnancy: a case report. 1992;166:524- 
5 

——, ——, ——~. Fatal maternal laryngeal papillomatosis in 
pregnancy: a case report (1992;166:524-5). 1992;166:1313 
(Correction) 

Helms MJ (see Hage et al). 1992;]66:1853-62 

Henry J (see Bissonnette et al). 1992;166:192-9 

Henzl MR. Gonadotropin-releasing hormone analogs: update 
on new findings. 1992;166:757-61 

Herrig JE (see Weiner et al). 1992;166:1171-81 

Hershlag A, Kaplan EH, Loy RA, DeCherney AH, Lavy G. 
Selection bias in in vitro fertilization programs. 1992;166:1- 
3 (Clin. opinion) 

Hertelendy F (see Molnar and Hertelendy). 1992;166:1560-7 

Hess LW (see Martin et al). 1992; 166: 144-7 

Heward AJ (see Sharland et al). 1992;166:9-13 

Heymann MA (see Chang et al). 1992;166:727-34 

Hickok DE, Gordon DC, Milberg JA, Wiliams MA, Daling 


Author index 1901 


JR. The frequency of breech presentation by gestational age 
at birth: a large population-based study. 1992;166:851-2 
——--, Mills M, Western Collaborative Perinatal Group. Per- 
cutaneous umbilical blood sampling: results from a multi- 
center collaborative registry. 1992;166:1614-8 

Hidajat M (see Ballegeer et al). 1992; 166:629-33 

Hill GB (see, Livengood et al). 1992;166:519-24 

Hill JA, Anderson DJ. Human vaginal leukocytes and the 
effects of vaginal fluid on lymphocyte and macrophage de- 
fense functions. 1992;166:720-6 

, Polgar K, Harlow BL, Anderson DJ. Evidence of em- 
bryo- and trophoblast-toxic cellular immune response(s) in 
women with recurrent spontaneous abortion. 
1992; 166:1044-52 

Hill LM, Guzick D, Hixson J, Peterson CS, Rivello DM. Com- 
posite assessment of gestational age: a comparison of insti- 
tutionally derived and published regression equations. 
1992;166:531-5 

=, Laifer SA. Transabdominal chorionic villus sampling: a 
modified freehand ultrasonographically guided technique. 
1992;166:512 

Hillard TC (see Crook et al). 1992;166:950-5 

Hillier SL, Krohn MA, Nugent RP, Gibbs RS, Vaginal Infec- 
tions and Prematurity Study Group. Characteristics of three 
vaginal flora patterns assessed by Gram stain among preg- 
nant women. 1992;166:938-44 

(see Eschenbach et al). 1992;166:1864-5 (Letter reply) 

(see Gibbs et alt. 1992:166:1515-28 (Curr. dev.) 

Hirata GI (see Farmer et al). 1992;166:1467-72 

Hixson J (see Hull et al). 1992;166:551-5 

Hobbins JC (see Reece et al). 1992;166:489-92 

——— (see Reece et al). 1992;166:775-80 (Clin. opinion) 

(see Rotmensch et al). 1992;166:591-2 

(see Rotmensch et al). 1992;166: 1330-4 

Hoffman MS, DeCesare SL, Roberts WS, Fiorica JV, Finan 
MA, Cavanagh D. Upper vaginectomy for in situ and occult, 
superficially invasive carcinoma of the vagina. 1992;166: 
30-3 

~- (see Barton et al). 1992;166:533-7 

Holma P (see Sivin et al). 1992;166:1208-13 

Holmes FF (see Byrne et al). 1992;166:788-93 

Holmes GF (see Byrne et al). 1992;166:788-93 

Holmes LB (see Peterson et al). 1992;166:513-8 

Holzgreve W (see Ganshirt-Ahlert et al). 1992;166:1350-5 

Hénigl W (see Lang et al). 1992;166:1378-81 

Honnebier MBOM (see Nathanielsz et al). 1992;166:1529-35 

Honoré LH (see Morrish et al). 1992;166:160-6 

Hooper SB, Harding R, Deayton J, Thorburn GD. Role of 
prostaglandins in the metabolic responses of the fetus to 
hypoxia. 1992;166:1568-75 

Hopkins MP (see Dilts et al). 1992;166:167-8 

Horbelt DV (see Roberts et al). 1992;166:1393-406 

Horne HW Jr (see Kundsin et al). 1992;166:1864 (Letter) 

Horst J (see Ganshirt-Ahlert et al). 1992;166:1350-5 

Horwitz KB (see Leslie et al). 1992;166:1053-6] 

Howard DR (see Peters et al). 1992;166:1646-54 

Hsieh C-C, Soong Y-K. Infarction of placental chorioangioma 
and associated regression of hydrops fetalis. 1992; 166:1306 
(Letter) 

Hsieh T-T (see Kao et al). 1992;166:1013-9 

——— (see Tseng et al). 1992;166:35-40 

Hughes H (see Reynolds et al). 1992;166:872-7 

Huisman TWA (see Wladimiroff et al). 1992;166:46-9 

(see Wladimiroff et al). 1992;166:921-4 

Hulsey TC (see Alexander et al). 1992;166:891-5 




















1902 Author index a 74 E 


Hune S (see Hanson et al). 1992;166:1707-11 

Hung TT (see Peterson et al). 1992;166:562-6 

Hunter RE (see Shim et al). -1992;166:1335-8 

Hunter RW, Alexander NDE, Soutter WP. Meta-analysis of 
surgery in advanced ovariah carcinoma: Is maximum cy- 
toreductive surgery an indepencent determinant of. prog- 
nosis? 1992; 166:504-11. 

AT (see a et a) 1992;166: 585- 7 


k: 
lams yp. (see Robertson ‘et al). 1992: 166: 1629-45 


Ikegami M (see Seidner et al). 1992:166:1551-9 
Insunza A (see Romero et al). 1992;166:129-33 


Ito M, Nakamura T, Yoshimura T, Koyama H, Okamura H. 


- The blood pressure, response to infusions of angiotensin II 
during normal pregnancy: relation to-plasma angiotensin 
II concentration, serum progesterone level, and mean plate- 
let volume. 1992;166:1249-53 a 

Izquierdo LA (see Del Valle et al). 1992;166:127-9 

—— (see Joffe et al). 1992; 166:896-900 

Jackson JC (see Davison et al).'1992;166:497-502 - 

Jacobsson L (see Wikman et al). 1999;166:121-6 

James DK, Parker MJ, Smoleniec S. Comprehensive fetal 
assessment with three ultrasonographic characteristics. 
1992; 166: 1486-95 

James JA, Thomason JL, Gelbart SM, Osypowski P, kaker P, 
Hanson L. Is trichomoniasis often associated with bacterial 
vaginosis in pregnant adolescents? 1992;166:859-63 

James LS (see Daniel et al). 1992;166:707-12 

Jansson TB. Low-dose infusion of atrial natriuretic ae 
in the conscious guinea pig increases blood flow to the pla- 
centa of growth- -retarded fetuses. 1992;166:213-8 

Janusz CA (see Cotton et-al). 1992;165:1127-36 ` 

‘Jauniaux E, Jurkovic D, Campbell S, =lustin J. Doppler ultra- 
sonographic. features of the developing placental circula- 
tion: correlation with anatomic findings. 1992;166: 585-7 

Jennett RJ, Tarby TJ, Kreinick CJ. Brachial plexus pey an 
old problem revisited. 1992;166:1673-7 

Jensen LM (see Felding et al). 1992; 166:667-70 l 

Jobe A (see Seidner et al). 1992;166:1551-9 i. 

Joffe GM, Del Valle GO, Izquierdo LA, Gilson GJ, Smith JF, 
Chatterjee MS, Curet'LB. Diagnosis’of cervical change in 
preghancy by means of transvaginal a 
1992; 166:896-900 

(see Del Valle et al). 1992; 166: 127-9 | 

Johnson C (see Colmorgen et al). 1992; 166: 588-90 

Johnson J (see Neugebauer et al). 1992;166:104-9 __ 

Johnson MJ, Paine LL, Mulder HH, Cezar C, Gegor C, John- 
son TRB. Population differences oz: fetal biophysical, and 
behavioral characteristics. 1992;166:138-42 

Johnson P (see Economides et al). 199%5166:970- 3 

Johnson TRB (see Johnson et al). 1992; 166:138-42 

(see Witter et al): 1992;166:830-4 -> 

Johaston JM (see Zhu et al). 1992;166:1222-7 

Jones TW (see Diamond et al): 1992; 1€6:70-7 

Jovanovic-Peterson L (see Peterson et al). 1992; 166: 513- 8 

Judd HL. Gonadotropin-releasing hor:none agonists: ‘strate- 
gies for managing the be hs Saas effects of therapy. 
1992;166:752-6 - 

Jurkovic D (see Jauniaux et al). 1992; 1€6:585-7 


Kaiser P (see Jamés et al). 1992;166:856-63 - 








June 1992 
Am J Obstet Gynecol 


Kalstone C..Cervical stenosis in pregnaricy: a complication of 
cryotherapy. in aoa expres women. 
1992; 166:502-3 

Kan NC (see Sakakibara et al). 1999: 166:206- 12, { : 

Kanter MH. Derivation of-new mathematic formulas for de- 
termining whether a D-positive father is’ heterozygous or. 
homozygous for the D antigen. 1992;166:61-3 - 

Kao S-M, Tang G-C, Hsieh T-T, Young K-C, Wang H-C, Pao. 
CC. Analysis of peripheral blood of pregnant women for ' 
the presence of fetal Y chromiosome—specific ZFY gene de- 
oxyribonucleic acid sequences. 1992;166:1013-9 

Kaplan EH (see Hershlag et al). 1992;166:1-3 (Clin. opinion) 

Kaplan .M, Eidelman AL. | Hypothermia revisited. 
1992; 166:768 (Letter) 


Karamursel S (see Vleeming et al). 1992; 166: 1243-7 


Kasnic T (sée Del Valle et al). 1992;166:127-9 

Katz M (see Meizner et al). 1992;166:907-9 

Katz VL, Bowes WA Jr. Meconium aspiration syndrome: re- 
flections on a murky subject. 1992;166:171-83 (Curr. dev.) 

— (see Stephenson et al). 1992;166:1324-7 

Kay HH, Hage ML, Kurtzberg J, Dunsmore KP. Alloimmune 
‘thrombocytopenia may be associated with systemic disease. 
1992;166:110-1 

(see Wang et al). 1992; 166: 1023-4 fee reply) 





_ Keijser KGG, Kenemans P, van der Zanden PHThH, Schijf — 


CPT, Vooijs GP, Roiland’R. Diathermy loop excision in the’ 
management of cervical intraepithelial neoplasia: diagnosis 
and treatment in one procedure. 1992;166:1281-7 

Kelly P (see Marte et al). 1992;166:1232-7 

Kemmann E (see Corsan et al)..1992;166:41-6 

Kendrick JS (see Franks et al). 1992;166:1339-44 

Kenemans P (see Keijser et al). 1992;166:1281-7 


_ Kennedy JF (see DiMarzo et al). 1992;166:1607-13 — 
‘Kessopoulou E, Tomlinson M, Barratt C. Criteria for the di- 


agnosis of infertility. 1992; 166:264 (Letter) 


" Khalifé S (see Villeneuve et al). 1992; 166:267-8 (Letter reply) 


Khan FY (see Lobo et al). 1992;166:1182-90 
Khan H (see Morris èt al). 1992: 166:1228-31 
Khoury J (see Rosenn et al). 1992;166:1214-8 


7 Kickler TS, Blakemore K, Shirey RS, Nicol S, Callan N, Ness 


PM, Escallon C, Dover G. Chorionic villus sampling for fetal 
Rh typing: clinical implications. 1992; 166:1407-1]1 
Killam AP (see Wang et al), 1992;166:1023-4 (Letter reply) 


Kim DS, Moon H, Lee JA, Park MI. Anticancer drugs during 


` pregnancy: Are we able to discard them? 1992;166:265 (Let- 
ter)- 


t Kim MH (see Dodds et cab: 1992; 166:219-24 


Kim-Deobald J (see Tamimi et al). 1992;166: 1655-62 


Kimura T (see Azuma et al), 1992;166:664-7 


Kirk EP (see’ ‘Rashad et al). 1992;166:620-4 

Kirshon B. Amniotic fluid glucose and intraamniotic infection: 

‘sensitivity, specificity, and predictive values. 1992; 166: 139%: 
- 4 (Letter reply). ` : 

Kikok A, Amon E. Ccmmenton fetal Became) movements 
after, premature rupture of membranes. 1992;166:770 (Let-. 
ter) 

Kjaer K, ‘Hagen C, Sandø SH, Eshøj Q. Infertility and 

. pregnancy outcome in an unselected group of women with 
- insulin-dependent diabetes mellitus. 1992;166:1412-8 


~ Klaisle C (see:Sivin et al). 1992;166:1208-13 
- . Klein TA (see Hansen. et al). 1992;166:87-90 


Kline J (see Neugebauer et al). 1992; 166:104-9 


Kniss DA (see Su et al). 1992; 166:236-4] 
-Knopp RH (see Peterson et dl). 19923166: 513- 8 
Koch R (see Platt et al). 1992; 166: 1150-62 


Volume 166 
Number 6, Part 1 


Koenigsberg M (see Chazotte et al). 1992; 166:1306 (Letter re- 
ply) 

Kofinas AD. Treatment of fetal supraventricular tachycardia 
with flecainide acetate after digoxin failure. 1992;166:1863 
(Letter reply) 

——~, Penry M, Simon NV, Swain M. Interrelationship and 
clinical significance of increased resistance in the uterine 
arteries in patients with hypertension or preeclampsia or 
both. 1992;166:601-6 

Konje JC, Otolorin EO, Ladipo OA. The effect of continuous 
subdermal levonorgestrel (Norplant) on carbohydrate me- 
tabolism. 1992;166:15-9 

Koren G (see Zemlickis et al). 1992;166:781-7 

Korones SB (see Anderson et al). 1992;166:1091-10] 

Koyama H (see Ito et al). 1992; 166:1249-53 

Kramer W (see Pokorny et al). 1992;166:1461-6 

Kranias G (see Rosenn et al). 1992;166:1214-8 

Kreger D (see Peterson et al). 1992;166:562-6 

Kreinick CJ (see Jennett et al). 1992;166:1673-7 

Krohn MA (see Hillier et al). 1992:166:938-44 

Kuehl TJ (see Shull! et al). 1992;166:1764-71 

Kuhn W (see Osmers et al). 1992;166:1455-60 

Kuloczik M (see Osmers et al). 1992;166:1455-60 

Kundsin RB, Horne HW Jr, Walter CW. Ureaplasma urealyticum 
resistance to erythromycin: confirmed by clinical trial. 
1992;166:1864 (Letter) 

Kuo H-C, Chang F-M, Wu C-H, Yao B-L, Liu C-H. The pri- 
mary application of three-dimensional ultrasonography in 
obstetrics. 1992;166:880-6 

Kurki T, Viinikka L, Yikorkala O. Urinary excretion of pros- 
tacyclin and thromboxane metabolites in threatened pre- 
term labor: effect of indomethacin and nylidrin. 
1992;166:150-4 

Kurman RJ (see Sturgeon et al). 1992;166:1482-5 

Kurtzberg J (see Kay et al). 1992;166:110-1 

Kwak JYH, Gilman-Sachs A, Beaman KD, Beer AE. Repro- 
ductive outcome in women with recurrent spontaneous 
abortions of alloimmune and autoimmune causes: precon- 
ception versus postconcepuon treatment. 1992; 166:1787-98 


L 


Lacarra M (see Sivin et al). 1992;166:1208-13 

Ladipo OA (see Konje et al). 1992;166:15-9 

Laifer SA (see Hill and Laifer). 1992;166:512 

Lamy ME, Mulongo KN, Gadisseux J-F, Lyon G, Gaudy V, 
Van Lierde M. Prenatal diagnosis of fetal cytomegalovirus 
infection. 1992;166:91-4 

Lanes SF, Birmann B, Walker AM, Singer S. Oral contracep- 
tive type and functional ovarian cysts. 1992;166:956-61 

Lang JM, Cohen A, Lieberman E. Risk factors for small-for- 
gestational-age birth in a preterm population. 
1992;166:1374-8 

Lang PF, Tamussino K, Hoénigl W, Ralph G, Treatment of 
unruptured tubal pregnancy by laparoscopic instillation of 
hyperosmolar glucose solution. 1992;166:1378-8] 

Langdon G (see Myatt et al). 1992;166:224-30 

Laragh JH (see August et al). 1992;166:1295-S 

Laros RK Jr (see Robertson et al). 1992;166:1629-45 

Larsson P-G, Platz-Christensen J-J, Thejls H, Forsum U, Pahl- 
son C. Incidence of pelvic inflammatory disease after first- 
trimester legal abortion in women with bacterial vaginosis 
after treatment with metronidazole: a double-blind, ran- 
domized study. 1992;166:100-3 

Latourette HB (see Byrne et al). 1992;166:788-93 

Laudano A (see Diamond et al). 1992;166:70-7 


Author index 1903 


Lavy G (see Hershlaz et al). 1992;166:1-3 (Clin. opinion) 

(see Shapiro et al}. 1992;166:1495-500 

Lee A (see Robson et al). 1992;166:78-82 

Lee JA (see Kim et al). 1992;166:265 (Letter) 

Lee-Feldstein A (see Anton-Culver et al). 1992;166:1507-14 

Leiberman JR (see Wiznitzer et al). 1992; 166:20-] 

Lenti L (see Pasetto et al). 1992;166:1500-6 

Leone G (see Cugini et al). 1992; 166:54-60 

LePage SS (see Secker-Walker et al). 1992; 166: 1356-63 

Leslie KK, Tasset DM, Horwitz KB. Functional analysis of a 
mutant estrogen receptor isolated from T47Dco breast can- 
cer cells. 1992;166:1053-61 

Lessing JB (see Niv et al). 1992;166:930-1 

(see Yaron et al). 1992;166:14-5 

Leveno KJ (see Satin et al). 1992;166:1260-1 

LevToaff A (see Chatwani et al). 1992;166:598-600 

Levy A (see Meizner et al). 1992;166:907-9 

Levy HL (see Platt et al). 1992;166:1150-62 

Liberati M (see Rotmensch et al). 1992;166:1330-4 

Lieberman E (see Lang et al). 1992;166:1374-8 

Lin C-Y (see Tseng et al). 1992;166:35-40 

Lindenbaum C, Ludmir J, Teplick FB, Cohen AW, Samuels 
P. Maternal glucose intolerance and the subcutaneous ter- 
butaline pump. 1992;166:925-8 

Lindsay R. The effect of sex steroids on the skeleton in pre- 
menopausal women. 1992;166:1993-6 

Lipman MJ (see Rosenn et al). 1992;166:1214-8 

Lishner M (see Zemlickis et al). 1992;166:781-7 

Lisko B (see Dodds et al). 1992; 166:219-24 

Liu C-H (see Kuo et al). 1992;166:880-6 

Liu K-Z (see Weiner et al). 1992;166:1171-81 

Livengood CH ITI, Hill GB, Addison WA. Pelvic inflammatory 
disease: findings during inpatient treatment of clinically se- 
vere, laparoscopy-documented disease. 1992;166:519-24 

Lloyd RP (see Peters et al). 1992;166:1738-46 

Lobo RA. The role of progestins in hormone replacement 
therapy. 1992; 166:1997-2004 

—, Notelovitz M, Bernstein L, Khan FY, Ross RK, Paul WL. 
Lp(a) lipoprotein: relationship to cardiovascular disease risk 
factors, exercise, and estrogen. 1992;166:1 182-90 

(see Cassidenti et al). 1992;166:1444-8 

Lockhart SM (see Sharland et al). 1992;166:9-13 

Lockwood CJ, Berkowitz RL, Lynch L. Ultrasonographic 
screening for trisomy 21. 1992;166:1591 (Letter reply) 

London SN (see Miller et al). 1992;166:1535-4] 

Long CA (see Cowan et al). 1992;166:1729-37 

Long TL (see Chen et al). 1992;166:968-9 

Lépez-Llera M. Main clinical types and subtypes of eclampsia. 
1992; 166:4-9 

Lotgering FK, van den Berg A, Struijk PC, Wallenburg HCS. 
Arterial pressure response to maximal isometric exercise in 
pregnant women. 1992;166:538-42 . 

(see van Doorn et al). 1992;166:854-9 

Loy RA (see Hershlag et al). 1992;166:1-3 (Clin. opinion) 

Luan J-q. Magnesium sulfate is an unfit anticonvulsant in 
eclampsia. 1992;166:1588 (Letter) 

Ludmir J (see Lindenbaum et al). 1992;166:925-8 

Luo J-S (see Rotmensch et al). 1992;166:591-2 

-—— (see Rotmensch et al). 1992;166:1330-4 

Lustig L (see Platt et al). 1992;166:1328-9 

Lynch L (see Lockwood et al). 1992;166:1591 (Letter reply) 

Lyon G (see Lamy et al). 1992;166:91-4 














M 
Maag U (see Hazan et al). 1992;166:768-9 (Letter reply) 


1904 Author index 


Macaluso M (see Butterworth et al}. 1992;166:803-9 

MacCarter G (see Daniel et al). 19€2;166:707-12 

Macer CL (see Macer et al). 1992;166:1690-7 

Macer JA, Macer CL, Chan LS. Elective induction versus spon- 
taneous labor: a retrospective study of complications and 
outcome. 1992;166:1690-7. 

MacGregor SN, Silver RK, Sholl JS. Enhanced sensitization 
after cordocentesis. 1992;166:1310 (Letter reply) 

—— (see ‘Peaceman et al). 1992;166:1780-7 

Mackenzie IZ (see Economides et al). 1992; 166:970-3 

Madvig P (see Ettinger et al). 1992; 166:479-88 

Magill HL (see Anderson et al}. 1992;166:1091-101 

Magnin G (see Pourrat et al). 1992;-66:766 (Letter) 

Maharry ]. Animals and ethics: how society’s attitudes have 
changed. 1992;166:1313 (Letter reply) 

Mahone PR, Sherer DM, D’Angio ©, Woods JR Jr. Prenatal 
ultrasonographic findings associated with wide clefting of 
the upper two thirds of the fetal sternum. 1992;166:1219- 
2] 

Mahoney MJ (see Rotmensch et al). 1992;166:1330-4 

Major F] (see Sutton et al). 1992;166:50-3 

Makowski EL (see Pardi et al). 1992; 166:699-706 

Makuch R (see Shapiro et al). 1992;166:1495-500 

Manetta A (see Anton-Culver et al}. _992;166:1507-14 

(see Fuchtner et al). 1992;166:593-7 

Mangar D. Documentation of high-molecular-weight dextran 
(Hyskon) solution entering the serum during hysteroscopy. 
1992;166:771 (Letter) 

Mann WJ (see Chalas et al). 1992;166:974-7 

Manning FA (see Bowman et al). 1992;166:1239-43 

Marcaccio B (see August et al). 1992;.66:1295-9 

Marconi AM (see Pardi et al). 1992;166:699-706 

Marcoux S (see Villeneuve et al). 1992; 166:267-8 (Letter reply) 

Mari G, Deter RL. Middle cerebral artery How velocity wave- 
forms in normal and small-for-gestational-age fetuses. 
1992; 166:1262-70 

Marinoff D (see Brubaker et al). 1992;166:526-31 

Marte C, Kelly P, Cohen M, Fruchter RG, Sedlis A, Gallo L, 
Ray V, Webber CA. Papanicolaou smear abnormalities in 
ambulatory care sites for women inzected with the human 
immunodeficiency virus. 1992; 166:1232-7 

Martel J (see Sadowsky et al). 1992;166:200-5 

Martens M. Benefits of cesarean section stapling device un- 
derstated? 1992;166:266-7 (Letter) 

Martin JN Jr (see Files and Martin). 1932;166:766 (Letter re- 
ply) 

(see Martin et al). 1992;166:144-7 

. — (see Pickhardt et al). 1992;166:1811-9 

Martin RW, Perry KG Jr, Hess LW, Martin JN Jr, Morrison 
JC. Oral magnesium and the prevention of preterm labor 
in a high-risk group of patients. 1992;166:144-7 

(see Pickhardt et al). 1992;166:1811-9 

Martinez AM, Padbury JF, Barberie LM, Burnell EE, Thio S. 
Elevated plasma Met-enkephalin levels in the human new- 
born are a poor indicator of perinatal stress, 1992; 166:1429- 
35 

Martinez-Maza O (see Wu et al). 1992;166:997-1007 

Masella C (see Cugini et al). 1992;166:54-60 

Mashiach S (see Schiff et al). 1992;166:624-8 

Matalon R (see Platt et al). 1992;166:1150-62 

Matisic JP (sce Benedet et al). 1992; 166:1254-9 

Matorras R (see Sanjurjo et al). 1992;16€:1023 (Letter) 

Mattern J (see Schneider et al). 1992;16€:825-9 

Mattison DR (see Miller et al). 1992;166:1535-41 

Maxwell GL, Watson WJ. Preterm premature rupture of mem- 











June 1992 
Am J Obstet Gynecol 


branes: results of expectant management in patients with 
cervical cultures positive for group B streptococcus or Neis- 
seria gonorrhoeae. 1992;166:945-9 

Mayer M (see Milwidsky et al). 1992; 166:606-12 

Mazor M (see Romero et al). 1992;166:129-33 

(see Romero et al). 1992:166:618-20 

(see Romero et al). 1992;166:1382-8 

(see Romero et al). 1992;166:1576-87 

(see Wiznitzer et al). 1992;166:20-1 

McCarthy T, Dramusic V, Ratnam S. Use of two types of es- 
tradiol-releasing skin patches for menopausal patients in a 
tropical climate. 1992;166:2005-10 

(see Sivin et al). 1992;166:1208-13 

McCausland AM. Hysteroscopic myometrial biopsy: its use in 
diagnosing adenomyosis and its clinical application. 
1992; 166:1619-28 

McCleary P (see Fong et al). 1992; 166:887-90 

McCord ML, Stovall TG, Meric JL, Summitt RL Jr, Coleman 
SA. Cervical cytology: a randomized comparison of four 
sampling methods. 1992;166:1772-9 

McDonough PG. The need for technology assessment in the 
reproductive sciences. 1992;166:1082-90 

McGehee R (see Sutton et al). 1992;166:556-9 

McIntire DD (see Satin et al). 1992;166:1260-1 

Mead PB (see Secker-Walker et al). 1992;166:1356-63 

Medearis AL (see Farmer et al). 1992;166:1467-72 

Meigs JW (see Byrne et al). 1992;166:788-93 

Meizner I, Levy A, Katz M, Simhon T, Glezerman M. Prenatal 
ultrasonographic diagnosis of fetal scrotal inguinal hernia. 
1992-166:907-9 

Mercer B (see D’Alton et al). 1992;166:658-63 

Mercer BM, Moretti ML, Prevost RR, Sibai BM. Erythromycin 
therapy in preterm premature rupture of the membranes: 
a prospective, randomized trial of 220 patients. 
1992;166:794-802 

(see Sibai et al). 1992;166:1757-63 

Meric JL (see McCord et al). 1992;166:1772-9 

Mercola JL (see Woods et al). 1992;166:901-7 

Messer RH (see Seltzer et al). 1992;166:1315-7 

Metzger BE (see Peterson et al). 1992;166:513-8 

Meydrech EF (see Pickhardt et al). 1992;166:1811-9 

Meyer BA, Dickinson JE, Chambers C, Parisi VM. The effect 
of fetal sepsis on umbilical cord gases. 1992;166:612-7 

Meyers CM (see Phillips et al). 1992;166:978-82 

Milberg JA (see Hickok et al). 1992;166:851-2 

Miller FA (see Dodds et al). 1992;166:219-24 

Miller JM. First successful cesarean section in the British em- 
pire. 1992;166:269 (Letter) 

Miller JM Jr, Gabert HA. Comparison of dynamic image and 
pulsed Doppler ultrasonography for the diagnosis of the 
small-for-gestational-age fetus. 1992;166:1820-6 

Miller MM, Plowchalk DR, Weitzman GA, London SN, Mat- 
tison DR. The effect of benzo(a)pyrene on murine ovarian 
and corpora lutea volumes. 1992;166:1535-41 

Milley JR (see Delpapa et al). 1992;166:1007-12 

Mills JL (see Peterson et al). 1992;166:513-8 

Mills M. Treatment of fetal supraventricular tachycardia with 
flecatnide acetate after digoxin failure. 1992;166:1863 (Let- 
ter) 

(see Hickok et al). 1992;166:1614-8 

Milwidsky A, Finci-Yeheskel Z, Mayer M. Direct inhibition of 
protezses and cervical plasminogen activator by antibiotics. 
1992: 166:606-12 

Mimouni F (see Rosenn et al). 1992;166:1214-8 

Miny P (see Ganshirt-Ahlert et al). 1992;166:1350-5 























Volume 166 
Number 6, Part | 


Miodovnik M (see Rosenn et al). 1992;166:1214-8 

Mishell DR Jr. Steroids from menarche to menopause: intro- 
duction. 1992;166:1949 

--— (see Sivin et al). 1992;166:1208-13 

Mitchell MD (see Romero et al). 1992;166:95-9 

Mitra A (see Chatwani et al). 1992;166:598-600 

Mittal K. Epidermal growth factor receptor expression in cer- 
vical intraepithelial neoplasia. 1992;166:1593 (Letter) 

Miyake A (see Azuma et al). 1992; 166:664-7 

Modanlou H. Fetal biophysical and umbilical cord gases. 
1992;166:1589 (Letter) 

Moien M (see Franks et al). 1992;166:1339-44 

Molnar M, Hertelendy F. Nw-Nitro-L-arginine, and inhibitor 
of nitric oxide synthesis, increases blood pressure in rats 
and reverses the pregnancy-induced refractoriness to va- 
sopressor agents. 1992;166:1560-7 

Moniz CF (see Nicolaides et al). 1992;166:932-7 

Montiel F (see Romero et al). 1992;166:129-33 

Moon H (see Kim et al). 1992;166:265 (Letter) 

Moore PJ (see Fisk et al). 1992;166:991-6 

Moore TR (see Gilbert et al). 1992;166:493-7 

Morabito S (see Cugini et al). 1992;166:54-60 

Moretti ML (see Mercer et al). 1992;166:794-802 

Morgan CD (see Phillips et al). 1992;166:978-82 

Morgan MA, Thurnau GR. Efficacy of the fetal-pelvic index 
in nulliparous women at high risk for fetal-pelvic dispro- 
portion. 1992;166:810-4 

Morishima HO (see Daniel et al). 1992;166:707-12 

——— (see Santos et al). 1992;166:257-62 

Morris C, Khan H, Sullivan MHF, Elder MG. Effects of plate- 
let-activating factor on prostaglandin E» production by in- 
tact fetal membranes. 1992;166:1228-31 

Morrish DW, Honoré LH, Bhardwaj D. Partial hydatidiform 
moles have impaired differentiated function (human cho- 
rionic gonadotropin and human placental lactogen secre- 
tion) in response to epidermal growth factor and 8-bromo- 
cyclic adenosine monophosphate. 1992;166:160-6 

Morrison JC (see Martin et al). 1992;166:144-7 

——— (see Pickhardt et al). 1992;166:1811-9 

Morrotti R (see Romero et al). 1992;166:129-33 

Morrow R (see Gagnon et al). 1992;166:1865-6 (Letter reply) 

Morton W]. At last: an objective observation. 1992;166:1312 
(Letter) 

Mulder EJH (see Snijders et al). 1992;166:22-7 

Mulder HH (see Johnson et al). 1992;166:138-42 

Mulongo KN (see Lamy et al). 1992;166:91-4 

Mulvihill JJ (see Byrne et al). 1992;166:788-93 

Murphy A (see Xu et al). 1992;166:1021-2 (Letter reply) 

Myatt L, Brewer AS, Langdon G, Brockman DE. Attenuation 
of the vasoconstrictor effects of thromboxane and endoth- 
elin by nitric oxide in the human fetal-placental circulation. 
1992; 166:224-30 

Myers MH (see Byrne et al). 1992;166:788-93 


N 


Nagamani M (see Chandrasekhar et al). 1992;166:64-9 

Nageotte MP (see Garite et al). 1992;166:646-51 

Nakamura T (see Ito et al). 1992;166:1249-53 

Nakamura Y, Hashimoto T, Saito Y. Umbilical artery How 
velocity after vibratory acoustic stimulation. 1992;166:1865 
(Letter) 

Nathanielsz PW, Figueroa JP, Honnebier MBOM. In the rhe- 
sus monkey placental retention after fetectomy at 121 to 
130 days’ gestation outlasts the normal duration of preg- 
nancy. 1992;166:1529-35 


Author index 1905 


—— (see Sadowsky et al). 1992;166:200-5 

Nathanson CA (see Robinson et al). 1992;166:578-83 

The National Institute of Child Health and Human Devel- 
opment—The Diabetes in Early Pregnancy Study (see Pe- 
terson et al). 1992;166:513-8 

Nehra RD (ee Seltzer et al). 1992;166:1315-7 

Nelson LM (see Thom et al). 1992;166:111-6 

Nelson SH, Suresh MS. Lack of reactivity of uterine arteries 
from patients with obstetric hemorrhage. 1992;166:1436- 
43 

Ness PM (see Kickler et al}. 1992;166:1407-11 

Neugebauer R, Kline J, O’Connor P, Shrout P, Johnson J, 
Skodol A, Wicks J, Susser M. Depressive symptoms in 
women in the 6 months after miscarriage. 1992;166:104-9 

Neyland C (see Hage et al). 1992;166:1853-62 

Nezhat CR, Burrell MO, Nezhat FR, Benigno BB, Welander 
CE. Laparoscopic radical hysterectomy with paraaortic and 
pelvic node dissection. 1992;166:864-5 

Nezhat FR (see Nezhat et al). 1992;166:864-5 

Nicol S (see Kickler et al). 1992; 166:1407-1] 

Nicolaides KH, Cheng HH, Snijders RJM, Moniz CF. Fetal 
urine biochemistry in the assessment of obstructive uropa- 
thy. 1992; 166:932-7 

(see Salvesen et al). 1992;166:1287-92 

(see Saunders et al). 1992;166:820-4 

Nieman LK (see Hansen et al). 1992;166:87-90 

Niv J, Lessing JB, Hartuv J, Peyser MR. Vaginal injury re- 
sulting from sliding down a water chute. 1992;166:930-1 

Noel Y (see Baggish et al). 1992;166:545-8 

Nores J (see Romero et al). 1992;166:618-20 

(see Rotmensch et al). 1992;166:591-2 

Notelovitz M (see Lobo et al). 1992;166:1182-90 

Nugent R. Erythromycin, motilin, and meconium. 
1992;166:767-8 (Letter reply) 

(see Hillier et al}. 1992;166:938-44 

(see Eschenbach et al). 1992;166:1864-5 (Letter reply) 

Nuwayhid BS (see Rajabi et al). 1992;166:242-6 


O 


O'Connor P (see Neugebauer et al). 1992;166:104-9 

Odlind V (see Sivin et al). 1992;166:1208-13 

Odom LD (see Plouffe et al). 1992;166:263-4 (Letter reply) 

Ohashi K (see Azuma et al). 1992;166:664-7 

O’Herlihy C (see Cahill et al). 1992;166:847-50 

Okamura H (see Ito et al). 1992;166:1249-53 

Okamura K (see Watanabe et al). 1992;166:246-55 

Olson DR (see Franks et al). 1992;166:1339-44 

Olsson S-E (see Sivin et al). 1992;166:1208-13 

Olt G (see Berchuck et al). 1992;166:676-84 

Omoto KH (see Reid et al). 1992;]66:815-20 

Opsahl MS (see Hansen et al). 1992;166:87-90 

Osmers R, Rath W, Adelmann-Grill BC, Fittkow C, Kuloczik 
M, Szeverényi M, Tschesche H, Kuhn W. Origin of cervical 
collagenase during parturition. 1992;166:1455-60 . 

Ostergard DR (see Summitt et al). 1992;166:1835-44 

Osuamkpe C (see Chandrasekhar et al). 1992;166:64-9 

Osypowski P (see James et al). 1992;166:859-63 

Otafio L, Amestoy G, Paz J, Gadow EC. Periconceptional ex- 
posure to topical 5-fluorouracil. 1992;166:263 (Letter) 

Otken LB (see Coleman et al). 1992;166:916-20 

Otolorin EO (see Konje et al). 1992;166:15-9 

Oyarzun E (see Romero et al}. 1992; 166:129-33 


P 
Pachi A (see Cugini et al). 1992;166:54-60 

















1906 Author index 


Padbury JF (see Martinez et al). 1€92;166:1429-35 

Paesano R (see Cugini et al). 1992;166:54-60 

Pahlson C (see Larsson et al). 1992;166:100-3 

Paine LL (see Johnson et al). 1992: 166:138-42 

Panzarella T (see Zemlickis et al). 1992;166:781-7 

Pao CC (see Kao et al). 1992;166:1013-9 

——— (see Tseng et al). 1992;166:35-40 

Papiernik E (see Tertian et al). 1992;166:1868 (Letter) 

Parad R.(see Bromley et al). 1992;.66:1473-81 

Pdrazzini F (see Fedele et al). 1992;166:1345-50 

Pardi G, Cetin I, Marconi AM?,Bozzetti P, Buscazlia M, Ma- 
kowski EL, Battaglia FC. Venous drainage of the human 
uterus: respiratory gas studies in normal and fetal growth- 
retarded pregnancies. 1992;166:699-706 

Parer JT (see Ball and Parer). 1992; 166: 1683-9 

Parisi. VM (see Meyer et al). 1992; 156:612-7 

Park MI (see Kim et al). 1992;166:265 (Letter) 

Parker IJ (see Wild et al). 1992;166:1191-7 

Parker MJ (see James et al). 1992;156:1486-95 

Parkes M] (see Fisk et al). 1992;166:991-6 

Farmley TH (see Roberts et al). 19¢2;166:1393-405 

Farra M (see Romero et al), 1992;156:129-33 

Pasetto N, Zicari A, Piccione E, Lenti L, Pontieri G, Ticzoni 
_ C, Influence of labor and oxytocin on in vitro keukotr-ene 
~ release by human fetal membranes and uterine decidua at 
term gestation. 1992;166:1500-6 

Patrick SL (see Warren et al). 1992; 166:1198-207 

Paul WL (see Lobo et al). 1992;166:1182-90 

Paulson RJ (see Sauer and Paulson). 1992;166:148-9 

Pavéz M (see 'Sivin et al). 1992;166:1208-13 

Paz J (see Otaño et al). 1992;166:263 (Letter) 

Peaceman AM, Silver RK, MacGregor SN, Socol ML. Inter- 
laboratory variation in ae antibody testing. 
1992; 166:1780-7 

Pedersen H (see Santos et al). 1999: 166: 257- 62 

Pee D (see Byrne et al). 1992;166:788-93 

Peebles DM, Edwards AD, Wyatt 7S, Bishop AP. Cope M, 
Delpy DT, Reynolds EOR. Changes i in human fetal cerebral 
hemoglobin concentration and oxygenation du-ing labor 

. measured by near-infrared spectrascopy. 1992; 163:1369-73 
Peleg E (see Schiff et al). 1992; 166:624-8 

Pelosi MA, Pelosi ‘MA HI. The uterine stapling device 
for cesarean section: a positive view. 1992;166:267 
(Letter) 

Pelosi MA III (see Pelosi sna Pelosi). 1992;166:267 (Letter) 

Penney MD (see Reynolds et al). 1992;166:872-7 — 

Penry M (see Kofinas et al). 1992;166:601-6 

Perry KG Jr (see Martin et al). 1992;166:144-7 

~~~ (see Pickhardt et al). 1992;166:1811-9 

Peters AJ, Lloyd RP, Coulam’ CB. Pravalence of out-of-phase 
endometrial biopsy specimens. 1992; 166:1738-46 

Peters WA HI, Howard DR, Andersen WA, Figge DC. De- 
oxyribonucleic acid.analysis by cw cytometry cf uterine 
leiomyosarcomas and smooth muscle tumors of ancertzin 

~ malignant potential, 1992; 166:1645-54 

Peters WP (see Wu et al). 1992;166:9'97-1007 

Peterson CM, Jovanovic-Peterson L Mills JL, Coaley MR, 
Knopp RH, Reed GF, Aarons JH, Holmes LB, 3rown Z, 
Van Allen M, Schmeltz R, Metzger BE, The National In- 
stitute of Child Health and Human Development— The Di- 
abetes in Early Pregnancy Study. The Diabetes in Early 
Pregnancy Study: changes in choles-erol, triglycerides, body 

-= weight, and blood pressure. 1992;166:513-8 

, Kreger D, Delgado A Hung TT. Laboratory and clinical 

comparison of a rapid versus a classic progesterone radi- 





June 1992 
Am J Obstet Gynecol 


immunoassay for use in determining abnormal and ectopic 
pregnancies. 1992;166:562-6 

Peterson CS (see Hill et al). 1992;166:551-5 

Petty WM. Omental graft made SALDA 1992;166:1591 (Let- 
ter) 

Peyser MR (see Niv et al). 1992;166:930-1 

(see Yaron et al). 1992;166:14-5 

Phernetton TM (see Reid et al). 1992;166:231-5 

Phillips OP, Simpson JL, Morgan CD, Andersen RN, Shulman 
LP, Meyers CM, Sibai B, Shaver DC, Tolley EA, Elias S. 
Unexplained elevated maternal serum a-fetoprotein is not 
predictive of adverse perinatal outcome in an indigent ur- 
ban population. 1992; 166:978-82 

Piccione E (see Pasetto et al). 1992;166:1500-6 

Pickhardt MG, Martin JN Jr, Meydrech EF, Blake PG, Martin 
RW, Perry KG Jr, Morrison JC. Vaginal birth after cesarean 
delivery: Are there useful and valid predictors of success 
or failure? 1992;166:1811-9 

Pierucci A (see Cugini et al). 1992;166:54-60 

Pike MC (see Cassidenti et al). 1992;166:1444-8 

Pipkin FB (see Baker et al). 1992;166:255-6 

Pirhonen JP (see Erkkola and Pirhonen). 1992;166:910-6 

Pittrof R (see Shabib and Pittrof). 1992;166:1866 (Letter) 

Pizzuti DJ (see Reid et al), 1992;166:815-20 

Platt LD, Feuchtbaum L, Filly R, Lustig L, Simon M, Cun- 
ningham GC. The California Maternal Serum a-Fetoprotein 
Screening Program: the role of ultrasonography in the de- 
tection of spina bifida. 1992;166:1328-9 | 

——, Koch R, Azen C, Hanley WB, Levy HL, Matalon R, 
Rouse B, de la Cruz F, Walla CA. Maternal phenylketonuria 
collaborative study, obstetric aspects and outcome: the first 
6 years. 1992;166:1150-62 

(see Farmer et al). 1992;166:1467-72 

Platz-Christensen J-J (see Larsson et al). 1992;166:100-3 

Plichta S (see Robinson et al), 1992;166:578-83 

Plouffe L (see Cowchock et al). 1992;166:1318-23 

Plouffe L Jr, Butler WJ, Odom LD. Periconceptional exposure 

` to topical 5-fluorouracil. 1992; 166:263-4 (Letter reply) 

Plowchalk DR (see Miller et al). 1992;166:1535-41 

Plunkett ER, Wolfe BM. Prolonged effects of a novel, low- 
dosage continuous progestin—cyclic estrogen replacement 
program in postmenopausal women. 1992;166:117-21 

Pokorny SF, Pokorny WJ, Kramer W. Acute genital injury in 
the prepubertal girl. 1992;166:1461-6 








Pokorny WJ (see Pokorny et al). 1992;166:1461-6 


Polgar K (see Hill et al), 1992;166:1044-52 

Pollock JM (see Bowman et al). 1992;166:1239-43 

Pontieri G (see Pasetta et al). 1992;166:1500-6 

Pool J (see van Doorn et al). 1992;166:854-9 

Poole AR (see Rajabi et al). 1992;166:242-6 

Poore G (see Sadowsky et al). 1992;166:200-5 

Pourrat O, Ducroz B, Magnin G. Intravenous immunoglob- 
ulins in postpartum, persistently severe HELLP syndrome: 
A safe alternative to plasma exchange? 1992;166:766 (Let- 
ter) 

Powers TW (see Goodno and Powers). 1992;166:1678-82 

Prem KA (see Elg et al). 1992;166:134-7 

Prevost RR (see Mercer et al). 1992;166:794-802 


Q 
Quillen EW Jr (see Rajabi et al). 1992;166:242-6 
i" 
Rabe T (see Runnebaum et al). 1992;166:1963-8 
Radici E (see Fedele et al). 1992;166:1345-50 


Volume 166 
Number 6, Part 1 


Rajabi MR, Quillen EW Jr, Nuwayhid BS, Brandt R, Poole 
AR. Circulating hyaluronic acid in nonpregnant, pregnant, 
and postpartum guinea pigs: elevated levels observed at 
parturition. 1992;166:242-6 

Ralph G (see Lang et al). 1992;166:1378-81 

Ralph MM (see Fowden et al). 1992;166:713-9 

Ramakrishnan S (see Elg et al). 1992;166:134-7 

Rankin JHG (see Reid et al). 1992;166:231-5 

Rashad AL, Toffler WL, Wolf N, Thornburg K, Kirk EP, Ellis 
G, Whitehead WE. Vaginal PO, in healthy women and in 
women infected with Trichomonas vaginalis: potential impli- 
cations for metronidazole therapy. 1992;166:620-4 

Rath W (see Osmers et al). 1992;166:1455-60 

Ratnam S (see McCarthy et al). 1992;166:2005-10 

Ray DA, Garite TJ. Prostaglandin E, for induction of labor in 
patients with premature rupture of membranes at term. 
1992; 166:836-43 

Ray V (see Marte et al). 1992; 166:1232-7 

Read S (see Fong et al). 1992;166:887-90 

Reale FR (see Shim et al). 1992;166:1335-8 

Reckelhoff JF, Yokota SD, Baylis C. Renal autoregulation in 
midterm and-late-pregnant rats. 1992;166:1546-50 

Reece EA, Hagay Z, Garofalo J, Hobbins JC. A controlled trial 
of self—nonstress test versus assisted nonstress test in the 
evaluation of fetal well-being. 1992;166:489-92 

, Rotmensch S, Whetham J, Cullen M, Hobbins JC. Em- 

bryoscopy: a closer look at first-trimester diagnosis and 

treatment. 1992;166:775-80 (Clin. opinion) 

(see Chatwani et al). 1992;166:143-4 

—— (see Chatwani et al). 1992;166:598-600 

— (see Cowchock et al). 1992;166:1318-23 

—— (see Diamond et al). 1992;166:70-7 

Reed GF (see Peterson et al). 1992;166:513-8 

Reid DL, Davidson SR, Phernetton TM, Rankin JHG. Influ- 

ence of terbutaline on ovine uterine response to prosta- 
glandin E; challenge. 1992;166:231-5 

Reid R, Greenberg MD, Pizzuti DJ, Omoto KH, Rutledge LH, 
Soo W. Superficial laser vulvectomy. V. Surgical debulking 

is enhanced by adjuvant systemic interferon. 1992;166:815- 
20 ` 

Reindollar RH, Su BCJ, Bayer SR, Gray MR. Rapid identifi- 
cation of deoxyribonucleic acid sequence differences in cy- 
tochrome P-450 21-hydroxylase (CYP21) genes with dena- 
turing gradient gel blots. 1992;166:184-91 

Resnick LM (see August et al). 1992;166:1295-9 

Resnik R (see Gilbert et al). 1992;166:493-7 

Reuss ML (see Timor-Tritsch et al). 1992;166:866-72 

Reynolds EOR (sce Peebles et al). 1992;166:1369-73 

Reynolds TM, Penney MD, Hughes H. Ultrasonographic dat- 
ing of pregnancy causes significant errors in Down syn- 
drome risk assessment that may be minimized by use of 
biparietal diameter—based means. 1992;166:872-7 

Ribbert LSM (see Snijders et al). 1992;166:22-7 

Riddick E (see D’Alton et al). 1992;166:658-63 

Rider E (see Seidner et al). 1992;166:1551-9 

Ridgway LE III (see Wright and Ridgway). 1992; 166:767 (Let- 
ter reply) 

Riggs MW (see Shull et al). 1992;166:1764-71 

Ritchie K (see Gagnon et al). 1992;166:1865-6 (Letter reply) 

Rivello DM (see Hill et al). 1992;166:551-5 

Rizo J (see Zamora-Garza et al). 1992;166:1247-8 

Rizzo G, Arduini D, Romanini C. Inferior vena cava flow ve- 
locity waveforms in appropriate- and small-for-gestational- 
age fetuses. 1992;166:1271-80 

Roberts AB. Comment on fetal breathing movements after 








Author index 1907 


premature rupture of membranes. 1992;166:770 (Letter re- 
ply) | 

Roberts D (see Bromley et al). 1992;166:1473-81 

Roberts DK, Parmley TH, Walker NJ, Horbelt DV. Ultrastruc- 
ture of the microvasculature in the human endometrium 
throughout the normal menstrual cycle. 1992; 166: 1393-406 

Roberts JM (see Taylor et al). 1992;166:769-70 (Letter reply) 

Roberts WS (see Barton et al). 1992;166:533-7 

— (see Hoffman et al). 1992;166:30-3 

Robertson’ PA, Sniderman SH, Laros RK Jr, Cowan R, Heil- 
bron D, Goldenberg RL, lams JD, Creasy RK. Neonatal 
morbidity according to gestational age and birth weight 
from five tertiary care centers in the United States, 1983 
through 1986. 1992;166:1629-45 

Robinson JC, Plichta 5, Weisman CS, Nathanson CA, En- 
sminger M. Dysmenorrhea and use of oral contraceptives 
in adolescent women attending a family planning clinic. 
1992;166:578-83 

Robles M (see Smith et al). 1992;166:634-45 

Robson SC, Crawford RA, Spencer JAD, Lee A. Intrapartum 
amniotic fluid index and its relationship to fetal distress. 
1992;166:78-82 

Rocca AR (see Cugini et al). 1992;166:54-60 

Rocco LE (see Witter et al). 1992;166:830-4 

Rock JA (see Xu et al). 1992;166:1021-2 (Letter reply) 

Rodabaugh K (see Wu et al). 1992;166:997-1007 

Rodeck CH (see Fisk et al). 1992;166:991-6 

Rodis JF (see Vintzileos et al). 1992;166:1589 (Letter reply) 

Rodriguez G (see Berchuck et al). 1992;166:676-84 

Rodriguez-Alarcén J (see Sanjurjo et al). 1992;166:1023 (Let- 
ter) . 

Rodriguez-Escudero F-J (see Schneider et al). 1992;166:825-9 

Rolfs RT, Galaid EI, Zaidi AA. Pelvic inflammatory disease: 
trends in hospitalizations and office visits, 1979 through 
1988. 1992;166:985-90 

Rolland R (see Keijser et al). 1992;166:1281-7 

Roman C (see Chang et al). 1992;166:727-34 

Romanini C (see Rizzo et al). 1992:166:1271-80 

Romero R, Avila C, Edwin SS, Mitchell MD. Endothelin-1 and 
endothelin-2 levels are increased in the amniotic fluid of 

= women with preterm labor and microbial invasion of the 
amniotic cavity. 1992;166:95-9 

, Hagay Z, Nores J, Sepulveda W, Mazor M. Eradication 
of Ureaplasma urealticum from the amniotic fluid with trans- 
placental antibiotic treatment. 1992;166:618-20 

—, Mazor M, Morrotti R, Avila C, Oyarzun E, Insunza A, 
Parra M, Behnke E, Montiel F, Cassell GH. Infection and 

~ labor. VII. Microbial invasion of the amniotic cavity in spon- 
taneous rupture of membranes at term. 1992;166:129-33 

—, , Sepulveda W, Avila C, Copeland D, Williams J. 
Tumor necrosis factor in preterm and term labor. 
1992; 166:1576-87 

, Salafia CM, Athanassiadis AP, Hanaoka S, Mazor M, 
Sepulveda W, Bracken MB. The relationship between acute 
inflammatory lesions of the preterm placenta and amniotic 
fluid microbiology. 1992;166:1382-8 

— (see Gibbs et al). 1992;166:1515-28 (Curr. dev.) 

Romo MS, Grimes DA, Strassle PO. Infarction of the uterus 
from subacute incomplete inversion. 1992; 166:878-9 

Rose E (see Greenberg et al). 1992;166:1388-92 

Rose PG. The cavitational ultrasonic surgical aspirator for 
cytoreduction in advanced ovarian cancer. 1992;166: 
843-6 

—— (see Shim et al). 1992;166:1335-8 

Rosen DJD, Ben-Nun I, Arbel Y, Altaras MM, Goldberger SB, 











-1908 Author index 


` Beyth Y. Transvaginal ultrasonographic quantitative as- 
sessment of accumulated cul-de-sac fluid. 1992; 166:542-4 

Rosenberg DC (see DiMarzo et al). 1992;166:1607-13 

Rosenn B, Miodovnik M, Khoury J, Kranias G, Combs CA, 
Mimouni F, Siddiqi TA, Lipman MJ. Progression of diabetic 
retinopathy in pregnancy: association with npn in 
pregnancy. 1992;166:1214- 8 

Rosenthal T (see Schiff et al). 1992;166:624-8 

Ross MG (see Brubaker et al). 1992;166:526-31 

Ross RK (see Lobo et al). 1992;166:1182-90 

Rossavik IK. The tip of the iceberg and the best fit in ultra- 

- sonographic dating of pregnancy. 1992; 166:1867-8 (Letter) 

Rotmensch S, Luo J-S, Liberati M, Belanger K, Mahoney M], 
Hobbins JC. Fetal humeral length to detect Down syndrome. 
1992; 166: 1330-4 

——-, —-—, Nores JA, Dimaio MS, Hobbins JC. Bilateral cho- 
roid plexus cysts in trisomy 21. 2992;166:591-2 

— (see Reece et al). 1992;166:775-80 (Clin. opinion) 

Rouse B (see Platt et al). 1992;166:1150-62 - 

Rumney PJ (see Garite et al). 1992; 166:646-51 

Runnebaum B, Grunwald K, Rabe T. The efficacy and tol- 
erability of norgestimate/ethiny] estradiol (250 ug of nor- 
gestimate/35 yg of ethinyl estradiol): results of an open, 
multicenter study of 59,701 women. 1992;166:1963-8 ` 

Runowicz CD (see Goldberg and Runowicz). 1992;166:853-4 

Rutledge LH isee Reid et al). 1992;166:815-20 

Ryan KJ. Abortion or motherhocd, suicide and madnress. 
1992; 166:1029-36 


S 


Sachs B (see Clark et al). 1992;166:962-8 

Sadowsky DW, Martel J, Cabalum T, Poore G, Nathanielsz 
PW. Oxytocin given in a pulsatile manner to the ewe at 120 
to 140 days’ gestational age increases fetal sheep plasma 
cortisol. 1992;166:200-5 

Safrin S, Schachter J, Dahrouge D, Sweet RL. Long-term se- 
` quelae of acute pelvic inflammatory disease: a memoaperare 
cohort study. 1992;166:1300-5 

Seftlas AF (see Franks et al). 1992;166:1339-44 

St-Louis J, Sicotte B. Prostaglandin- or endothelium-media-ed 
vasodilation is not involved in the blunted responses of 
blood vessels to vasoconstrictors in pregnant rats. 
1992;166:684-92 

Saito Y (see Nakamura et al). 1992;156:1865 (Letter) 

Saji F (see Azuma et al). 1992;166:6€4-7 


Sakakibara K, Kan NC, Satyaswaroop PG. Both 176-estradiol . 


and tamoxifen induce c-fos messenger ribonucleic acid 
expression in human endometrial carcinoma grown in nude 
mice. 1992;166:206-12 

Salafia CM (see Romeroset al). 1992;166:1382-8 

Salvesen DR, Brudenell MJ, Nicolaides KH. Fetal polycythe- 

- mia and thrombocytopenia in pregnancies complicated by 
maternal diabetes mellitus. 1992;166:1287-92 

Samsioe G. Introduction to steroids in the menopause. 
1992; 166:198)-5 . 

Samsonoff C (see Almog et al). 1992:166:1827-34 | 

Samuels P (see Lindenbaum et al). 1992;166:925-8 

Sanders SP (see Bromley et al). 1992;166:1473-81 

Sardmire HF (see DeMott and Sandmire). 1992; 166:1799-810 

Sandg SH (see Kjaer et al). 1992;166:1412-8 

Sanfilippo JS, Williams’ RS, Yussman MA, Cook CL, Bisson- 
nette F. Substance P in peritoneal fluid. 1992; 166:155-9 

Sanjurjo P, Vargas LM, Rodriguez-Alarcén J, Matorras R, Ar- 

‘anguren G. Polyunsaturated fatty anes in preeclampsia. 

1992;166:1023 (Letter) ` 


June 1992 
Am J Obstet Gynecol 


Santos AC, Baumann AL, Wlody D, Pedersen H, Morishima 
HO, Finster M. The maternal and fetal effects of milrinone 
and dopamine in normotensive pregnant ewes. 
1992; 166:257-62 | 

Sarinoglu C (see Sibai et al). 1992; 166:1757-63 

Satin AJ, Leveno KJ, Sherman ML, McIntire DD. Factors af- 
fecting the dose response to oxytocin for labor stimulation. 
1992; 166:1260-1 

Satyaswaroop PG (see Sakakibara et al). 1999; 166:206-12 

Sauberlich HE (see Butterworth et al). 1992;166:803-9 

Sauer MV, Paulson RJ..Pelvi¢c abscess complicating transcerv- 
ical embryo transfer. 1992; 166: 148-9 

Saulsbery RA (see Almog et al). 1992;166:1827-24 

Saunders NJ, Snyders RJM, Nicolaides KH. Therapeutic am- 
nlocentesis in twin-twin transfusion syndrome appearing in 
the second trimester of pregnancy. 1992;166:820-4 . 

Schachter J (see Safrin et al). 1992;166:1300-5 ) 

Schiff E, Ben-Baruch G, Peleg E, Rosenthal T, Alcalay M, 
Devir M, Mashiach S. Immunoreactive circulating endoth- 
elin-] in normal and hypertensive pregnancies. 
1992; 166:624-8 | 3 l 

Schifrin BS. Details of electronic fetal monitoring randomized 
control trials. 1992;166:1308-9 (Letter) 

———-, Amsel J, Burdorf G. The accuracy of auscultatory de- 
tection of fetal cardiac decelerations: a computer simulation. 
1992;166:566-76 ` 

Schijf CPT (see Keijser et al). 1992;166:1281-7 

Schlaff W (see Xu et al). 1992;166:1021-2 (Letter reply) 

Schmeltz R (see Peterson et al). 1992;166:513-8 

Schmidt D (see Greenberg et al). 1992;166:1388-G2 

Schneider HPG (see Ganshirt-Ahlert et al). 1992;166:1350-5 

Schneider J, Efferth T, Mattern J, Rodriguez-Escudero. F-J, 
Volm M. Immunohistochemical detection of the multi-drug- 
resistance marker P-glycoprotein in uterine cervical carci- 
nomas and normal cervical tissue. 1992;166:825-9 

Schultz G (see Bissonnette et al). 1992;166:192-9 

Schutte MF (see Swartjes et al). 1992; 166:532 

Scotti RJ. Prophylactic sacrospinous fixation discouraged. 
1992;166:1022 (Lecter) 

Secker-Walker RH, Solomon LJ, Flynn BS, LePage SS, Cram- 
mond JE, Worden JK, Mead PB. Training obstetric and 
family practice. residents to give smoking cessation advice 
during prenatal care. 1992;166:1356-63 

Sedlis A (see Marte et al). 1992;166:1232-7 

Seidner S, Rider E, Jcbe A, Yamada T, Ikegami M. Effects of 
antenatal thyrotropin-releasing hormone, antenatal corti- 
costeroids, and postnatal ventilation on surfactant mobili- 
zation in premature rabbits. 1992;166:1551-9 

Seltzer VL, Messer RH; Nehra RD. Resident attrition in ob- 
stetrics and gynecology. 1992;166:1315-7 

Sepulveda W (see Romero et al). 1992; 166:618-20 

= (see Romero et al). 1992;166:1382-8 

(see Romero et al). 1992;166:1576-87 

Sevin B-U (see Sutton 2t al). 1992;166:50-3 

Shabib GH, Pittrof R. Steroids receptors in the endometrium 
during clomiphene citrate treatment. 1992;166:1866 (Let- 
ter) 

Shapiro BS, Escobar M, Makuch R, Lavy G, DeCherney AH. 
A.smodel-based prediction for transvaginal ultrasonographic 
identification of early intrauterine pregnancy. 
1992; 166:1495-500 l 

Shapiro T (see Chatwani et al). 1992;166:143-4 

(see Chatwani et al). 1992;166:598-600 

Sharland GK, Lockhart SM, Heward AJ, Allan LD. Prognosis 
in fetal diaphragmatic hernia. 1992;166:9-13 








Volume 166 
Number 6, Part 1 


Shaver DC {see Anderson et al). 1992;166:1091-10] 

—— (see Barton et al). 1992;166:576-7 

(see Phillips et al). 1992;166:978-82 

Shaw B (see Warren et al). 1992;166:693-8 

Shelden R (see Corsan et al). 1992;166:41-6 

Sherer DM, Abramowicz JS, Eggers PC, Woods JR Jr. Tran- 
sient severe unilateral and subsequent bilateral primary fetal 
hydrothorax with spontaneous resolution at 34 weeks‘ ges- 
tation associated with normal neonatal outcome. 
1992;166:169-70 

——, Cialone PR, Abramowicz JS, Woods JR Jr. Transient 
symptomatic subendocardial ischemia during intravenous 
magnesium sulfate tocolytic therapy. 1992;166:33-5 

(see Mahone et al). 1992;166:1219-2] 

Sherman ML (see Satin et al). 1992;166:1260-1 

Sherwin RS (see Diamond et al). 1992;166:70-7 

Shim JU, Rose PG, Reale FR, Soto H, Tak WK, Hunter RE. 
Accuracy of frozen-section diagnosis at surgery in clinical 
state | and [I endometrial carcinoma. 1992;166:1335-8 

Shintaku Y (see Watanabe et al). 1992;166:246-55 

Shirey RS (see Kickler et al). 1992;166:1407-11 

Sholl JS (see MacGregor et al). 1992;166:1310 (Letter reply) 

Shrout P (see Neugebauer et al). 1992;166:104-9 

Shull BL, Capen CV, Riggs MW, Kuehl TJ. Preoperative and 
postoperative analysis of site-specific pelvic support defects 
in 8] women treated with sacrospinous ligament suspension 
and pelvic reconstruction. 1992;166:1764-71 

Shulman LP (see Phillips et al). 1992;166:978-82 

Shy KK, Stergachis A, Grothaus LG, Wagner EH, Hecht J, 
Anderson G. Tubal sterilization and risk of subsequent hos- 
pital admission for menstrual disorders. 1992; 166: 1698-706 

Sibai BM. Magnesium sulfate is an unfit anticonvulsant in 
eclampsia. 1992;166:1588 (Letter reply) 

——. More on early detection 
1992; 166:1307-8 (Letter reply) 

—, Sarinoglu Ç, Mercer BM. Eclampsia. VII. Pregnancy 
outcome after eclampsia and long-term prognosis. 
1992; 166:1757-63 

—— (see Barton et al). 1992;166:576-7 

—— (see Mercer et al). 1992;166:794-802 

— (see Phillips et al). 1992;166:978-82 

— (see Villar L. and Sibai). 1992;166:549-50 

Sicotte B (see St-Louis and Sicotte). 1992;166:684-92 

Siddiqi TA (see Rosenn et al). 1992;166:1214-8 

Silberstein DS (see Wu et al). 1992;166:997-1007 

Silver M (see Fowden et al). 1992;166:713-9 

Silver RK (see MacGregor et al). 1992;166:1310 (Letter reply) 

(see Peaceman et al). 1992;166:1780-7 

Simhon T (see Meizner et al). 1992;166:907-9 

Simon M (see Platt et al). 1992;166:1328-9 

Simon NV (see Kofinas et al). 1992;166:601-6 

Simpson JL (see Phillips et al). 1992;166:978-82 

Singer S (see Lanes et al). 1992;166:956-61 

Sivin I, Stern J, Diaz S, Pavéz M, Alvarez F, Brache V, Mishell 
DR Jr, Lacarra M, McCarthy T, Holma P, Darney P, Klaisle 
C, Olsson S-E, Odlind V. Rates and outcomes of planned 
pregnancy after use of Norplant capsules, Norplant JI reds, 
or levonorgestrel-releasing or copper TCu 380Ag intra- 
uterine contraceptive devices. 1992;166:1208-13 

Sixma J] (see van Eijkeren et al). 1992; 166:1419-28 

Skodol A (see Neugebauer et al). 1992;166:104-9 

Slaughter L, Brown CRV. Colposcopy to establish physical 
findings in rape victims. 1992;166:83-6 

Smilow P (see Corsan et al). 1992;166:41-6 

Smith JF (see Del Valle et al). 1992;166:127-9 








of preeclampsia. 





Author index 1909 


——— (see Joffe et al). 1992;166:896-900 

Smith LH, Yin A, Glasky MS, Tyler N, Robles M, Foster CA, 
Bieber M, Teng NNH. Human monoclonal antibody rec- 
ognizing an antigen associated with ovarian and other ad- 
enocarcinomas. 1992;166:634-45 

Smoleniec JS (see James et al). 1992;166:1486-95 

Sniderman SH (see Robertson et al). 1992;166:1629-45 

Snijders CJ (see Vieeming et al). 1992;166:1243-7 

Snijders RJM, Ribbert LSM, Visser GHA, Mulder EJH. Nu- 
meric analysis of heart rate variation in mtrauterine growth- 
retarded fetuses: a longitudinal study. 1992;166:22-7 

(see Nicolaides et al). 1992;166:932-7 

(see Saunders et al). 1992;166:820-4 

Socol ML (see Peaceman et al). 1992;166:1780-7 

Solomon L] (see Secker-Walker et al). 1992;166:1356-63 

Soo W (see Reid et al}. 1992;166:815-20 

Soong S-] (see Butterworth et al). 1992;166:803-9 

Soong Y-K (see Hsieh and Soong). 1992;166:1306 (Letter) 

Soto H (see Shim et al). 1992;166:1335-8 

Soutter WP (see Hunter et al). 1992;166:504-11 

Spencer JAD (see Robson et al). 1992;166:78-82 

Spencer JT (see Altabef et al). 1992;166:1237-8 

Spinnato JA. Hemolytic disease of the fetus. 1992;166:1589- 
90 (Letter) 

Spitz B (see Ballegeer et al). 1992;166:629-33 

Stanczyk FZ (see Cassidenti et al). 1992;166:1444-8 

Stark RI (see Daniel et al). 1992;166:707-12 

Stead WW (see Hage et al). 1992;166:1853-62 

Steffen M (see Bissonnette et al). 1992;166:192-9 

Steiger P (see Ettinger et al). 1992;166:479-88 

Steinkampf MP (see Warren et al). 1992;166:693-8 

Stephens JD. Sex selection and early pregnancy fetal sex de- 
termination: ethics and personal freedom of choice. 
1992;166:1024 (Letter) 

Stephenson H, Dotters DJ, Katz V, Droegemueller W. Nec- 
rotizing fasciitis of the vulva. 1992;166:1324-7 

Stergachis A (see Shy et al). 1992;166:1698-706 

Stern J (see Sivin et al). 1992;166:1208-13 

Stern JJ, Coulam CB. Mechanism of recurrent spontaneous 
abortion. I. Ultrasonographic findings. 1992;166:1844-52 

Stevenson JC (see Crook et al). 1992;166:950-5 

Stewart PA (see Wladimiroff et al). 1992;166:46-9 

(see Wladimiroff et al). 1992;166:921-4 

Stijnen Th (see Wladimiroff et al). 1992;166:921-4 

Stirati G (see Cugini et al). 1992;166:54-60 

Stock RJ (see Coleman et al). 1992;166:916-20 

Stoeckart R (see Vleeming et al). 1992;166:1243-7 

Stoerker J (see Helmrich et al). 1992;166:524-5 

Stovall TG (see McCord et al). 1992;166:1772-9 

(see Summitt et al). 1992;166:1835-44 

Strassle PO (see Romo et al). 1992;166:878-9 

Straughn AB (see Buster et al). 1992;166:1163-70 

Strong LC (see Byrne et al). 1992; 166:788-93 

Struijk PC (see Lotgering et al). 1992;166:538-42 

(see van Doorn et al). 1992;166:854-9 

Stubbs TM {see Helmrich et al). 1992;166:524-5 

Sturgeon SR, Brinton LA, Devesa SS, Kurman RJ. In situ and 
invasive vulvar cancer incidence trends (1973 to 1987). 
1992; 166:1482-5 

Su BC] (see Reindollar et al). 1992;166:184-91 

Su H-C, Fertel RH, Kniss DA. Catecholamines modulate epi- 
dermal growth factor—induced prostaglandin E, production 
in amnion-like (WISH) cells by means of a cyclic adenosine 
monophosphate—dependent pathway. 1992; 166:236-41 

Subak LL, Adamson GD, Boltz NL. Therapeutic donor in- 

















1910 Author index 


semination: a prospective randomized trial of fresh versus 
frozen sperm. 1992;166:1597-506 

Sullivan MHF (see Morris et al). 1992;166: 1228-31 

Summitt RL Jr, Stovall TG, Bent AE, Ostergard DR. Urinary 
incontinence: correlation of history and brief office evalu- 
ation with multichanne. urodynamic testing. 
1992; 166:1835-44 

(see McCord et al). 1992;166:1772-9 

Suresh MS (see Nelson and Suresh). 1992;166:1436-43 

Susser M (see Neugebauer et al). 1992;166:104-9 

Sutcliffe SB (see Zemlickis et al). 1992;166:781-7 

Sutton GP, Blessing JA, Barrett RJ, McGehee R. Phase _I trial 
of ifosfamide and mesna in leiomyosarcoma of the uterus: 
a gynecologic oncology group study. 1992;166:556-9 

-= Bundy BN, Delgado G, Sevin B-U, Creasman WT, Major 
FJ, Zaino R. Ovarian metastases in stage IB carcinoma of 
the cervix: a Gynecologic Oncology Group study. 
1992; 166:50-3 

Swain M (see Kofinas et al). 1992;166:601-6 

Swartjes JM, Bleker OP, Schutte MF. The Zavanelli maneuver 
applied to locked twins. 1992;166:532 

Sweet RL (see Gibbs et al). 1992;166:1515-28 (Curr. de~.) 

(see Safrin et al). 1992;166:1300-5 

Symonds EM (see Baker and Symonds). 1992;166:835-6 

(see Baker et al). 1992;166:255-6 

Szeverényi M (see Osmers et al). 1992; 166:1455-60 


T 


Tak WK (see Shim et al). 1992;166:1335-8 

Takagi T (see Azuma et al). 1992; 166:664-7 

Takemura M (see Azuma et al). 1€¢92;166:664-7 

Tamborlane WV (see Diamond et al). 1992;166:70-7 

Tamimi HK, Gown AM, Kim-Deobald J, Figge DC, Greer BE, 
Cain JM. The utility of immunocytochemistry in invasive 
adenocarcinoma of the cervix. 1992;166:1655-62 

Tamura T (see Butterworth et al). 1992;166:803-9 

Tamussino K (see Lang et al). 1992;166:1378-81 

Tang G-C (see Kao et al). 1992;166:1013-9 

Tanigawara S (see Watanabe et al). 1992;166:246-55 

Tanizawa O (see Azuma et al). 1992;166:664-7 

Tarby TJ (see Jennett et al). 1992;-66:1673-7 

Tasset DM (see Leslie et al). 1992;166:1053-6] 

Taylor RN, Friedman SA, Roberts ; M. Preeclampsia, von Wil- 
lebrand factor antigen, and endothelial cells. 1992; 166:769- 
70 (Letter reply) , 

Tchernia G (see Tertian et al). 1992;166:1868 (Letter) 

Teng NNH (see Smith et al). 1992;166:634-45 

Tennant F (see Hanson et al). 1992;166:1707-11 

Teplick FB (see Lindenbaum et al). 1992;166:925-8 

Tertian G, Tchernia G, Papiernik E, Elefant E. Hydroxyurea 
and pregnancy. 1992;166:1868 (Vetter) 

Thejls H (see Larsson et al). 1992;166:100-3 

Thian S (see Fowden et al). 1992;166:713-9 

Thio S (see Martinez et al). 1992;1€6:1429-35 

Thom DH, Nelson LM, Vaughan TL. Spontaneous abortion 
and subsequent adverse birth outcomes. 1992;166:111-6 

Thomason JL (see James et al). 1992;166:859-63 

Thompson LP (see Weiner et al). 1992;166:1171-81 

Thorburn GD (see Hooper et al). 1992;166:1568-75 

Thornburg K (see Rashad et al). 1992;166:620-4 

Thurnau GR (see Morgan and Thurnau). 1992;166:810-4 

Ticconi C (see Pasetto et al). 1992;156:1500-6 

Timor-Tritsch I, Greenidge S, Admon D, Reuss ML. Emer- 











gency room use of transvaginal u.trasonography by obstet-. 


rics and gynecology residents. 1992;166:866-72 


June 1992 
Am | Obstet Gynecol 


Toffler WL (see Rashad et al). 1992;166:620-4 

Tolley EA (see Phillips et al). 1992; 166:978-82 
Tomlinson M (see Kessopoulou et al). 1992;166:264 (Letter) 
Tompkins ME (see Alexander et al). 1992;166:391-5 
Tønnesen (see Felding et al). 1992;166:667-70 


' Torregano C (see Eroglu et al). 1992;166:1364-9 


Towers CV (see Garite et al). 1992;166:646-5! 

Tschesche H (see Osmers et al). 1992;166:1455-60 

Tseng C-J, Lin C-Y, Wang R-L, Chen L-J, Chang Y-L, Hsieh 
T-T, Pao CC. Possible transplacental transmission of human 
papilomaviruses. 1992;166:35-40 

Twiggs LB (see Elg et al). 1992;166:134-7 

Tyler N (see Smith et al). 1992;166:634-45 


U 


Umstot ES (see Buster et al). 1992;166:1163-70 

Unzelman RF. Advanced epithelial ovarian carcinoma: long- 
term survival experience at the community hospital. 
1992; 166: 1663-72 

Utrie J (see Broekhuizen et al). 1992;166:1747-56 


V 


Vaginal Infections and Prematurity Study Group (see Hillier 
et al). 1992;166:938-44 

Van Allen M (see Peterson et al). 1992;166:513-8 

Van Assche AF (see Ballegeer et al). 1992; 166:629-33 

van den Berg A (see Lotgering et al). 1992; 166:538-42 

Vandermolen DT (see Cowan et al). 1992;166:1729-37 

van der Zanden PHThH (see Keijser et al). 1992;166:1281-7 

van der Zee AGJ, Willemse PHB, de Vries EGE. Anticancer 
drugs during pregnancy: Are we able to discard them? 
1992; 166:265-6 (Letter reply) 

van Doorn MB, Lotgering FK, Struijk PC, Pool J, Wallenburg 
HCS. Maternal and fetal cardiovascular responses to stren- 
uous bicycle exercise. 1992;166:854-9 

van Eijkeren MA, Christiaens GCML, Geuze H], Haspels AA, 
Sixma JJ. Effects of mefenamic acid on menstrual hemo- 
stasis in essential menorrhagia. 1992;166:1419-28 

van Eyck J, Arabin B. Actocardiotocographic monitoring of 
triplets during vaginal delivery. 1992;166:1293-4 

Van Lierde M (see Lamy et al). 1992;166:91-4 

Van Mullem C (see Broekhuizen et al). 1992;166:1747-56 

Vargas LM (see Sanjurjo et al). 1992;166:1023 (Letter) 

Vaughan TL (see Thom et al). 1992;166:111-6 

Viinikka L (see Kurki et al). 1992;166:150-4 

Vijod AG (see Cassidenti et al). 1992; 166:1444-8 

Villanueva B (see DiMarzo et al). 1992;166:1607-13 

Vilar L. MA, Sibai BM. Nematode infections: Is it wise to 
withhold medical treatment during pregnancy? 1. Biliary 
complications. 1992; 166:549-50 

Villeneuve M, Khalité S, Marcoux S, Blanchet P. The uterine 
stapling device for cesarean section: a positive view. 
1992;166:267-8 (Letter reply) 

Vintzileos AM, Campbell WA, Rodis JF. Fetal biophysical and 
umbilical cord gases. 1992;166:1589 (Letter reply) 

——, Fleming AD, Scorza WE, Wolf EJ, Balducci J, Campbell 
WA, Rodis JF. Relationship between biophysical activities 
and umbilical cord blood gas values (1991;165:707-13). 
1992;166:1313 (Correction) 

Visser GHA (see Snijders et al). 1992;166:22-7 

Vleeming A, Buyruk HM, Stoeckart R, Karamursel S, Snijders 
CJ. An integrated therapy for peripartum pelvic instability: 
a study of the biomechanical effects of pelvic belts. 
1992; 166:1243-7 | 

Volm M (see Schneider et al). 1992;166:825-9 


Volume 166 
Number 6, Part 1 


von Schoultz B (see Wikman et al). 1992;166:121-6 > 
Vooijs GP (see Keijser et al}. 1992;166:1281-7 
i 

Wagner EH (see Shy et al). 1992;166:1698-706 
Walker AM (see Lanes et al). 1992;166:956-61 
Walker JL (see Fuchtner et al). 1992;166:593-7 
Walker NJ (see Roberts et al). 1992;166:1393-406 
Walla CA (see Platt et al). 1992;166:1150-62 
Wallenburg HCS (see. Lotgering et al). 1992;166:538 -42 
—— {see van Doorn et al). 1992;166:854-9 
Walter CW (see Kundsin et al).. 1992;166:1864 (Letter) 
Wang H-C (see Kao et al). 1992;166:1013-9 
Wang R-L (see Tseng et al). 1992;166:35-40 : 
Wang Y, Kay HH, Killam AP. Polyunsaturated fatty acids in 

preeclampsia: '1992;166:1023-4 (Letter reply) 


Warren JR, Shaw B, Steinkampf MP. Inhibition of preim- 
‘plantation mouse embryo SN pner De isoflurane. 


1992; 166:693-8 


Warren WB, Patrick SL, Goland RS. ‘Elevated maternal plasma - 
corticotropin-releasing hormone levels in pregnancies com- . 


plicated by preterm labor. 1992;166:1198-207, 

Watanabe T, Okamura K, Tanigawara S, Shintaku Y, Akagi 
_K, Endo H, Yajima A. Change in’ eléctrocardiogram -T-wave 
: amplitude during umbilical cord. compression is predictive 
of fetal condition i in sheep. 1992;166:246-55 

Watson JM (see Wu et al). 1992;166:997-1007 

Watson WJ (see Maxwell and Watson). 1992;166:945-9 

Webber CA (see Marte et al). 1992;166:1232-7 4 

Weinberg JB (sée Wu et al). 1992;166:997-1007 


Weiner CP. Enhanced sensitization after eal as 


_1992;166:1309-10 (Letter) 

——-. Hemolytic disease of the fetus. 1992; 166: 1590 (Letter 
reply) 

~~. Human fetal bilirubin eae and fetal hemolytic disease. 
"1992; 166: 1449-54 


Weiner CP, Thompson LP, Liu K-Z} ` Herrig JE. Endothelium- 


derived relaxing factor and indomethacin-sensitive con- 

tracting factor alter arterial contractile responses to throm- 

boxane during pregnancy. 1992;166:1171-81 

- Weisman CS (see Robinson et al). 1992;166:578-83 

Weitzman GA (see Miller et al). 1992; 166:1535-41- 

Welander CE (see Nezhat et al). 1992;166:864-5 

Welshinger M (see Chalas et al). 1992;166:974-7 

Western Collaborative Perinatal Pop (see Hickok et alj. 
1992;166:1614-8 

Weyland BR (see Greenberg et al). 1992; 166: 1388.99 

Whetham J (see Reece et al). 1992; 166:775-80 (Clin. opinion) 

Whitaker R (see Berchuck et al). 1992;166:676-84 

Whitehead MI (see Crook et al). 1992;166:950-5 -~ 

Whitehead WE (see Rashad et al): 1992;166:620-4 - 

Whitworth NS (see. Cowan et al). 1992;166:1729-37 

Wicks J (see Neugebauer et al). 1992;166:104-9 ' — 

Wigglesworth J (see Fisk et al). 1992;166:991-6 

Wikman M, Jacobsson L, von Schoultz B. Attitudes toward 
reproduction in a nonpatient population. | . 1992; 166: 
121-6 3 
Wild RA, TT P, Parker IJ. Lipid and E TEE 
‘abnormalities in hirsute women. I. The association’ with in- 
sulin resistance. 1992;166:1191-7 

Willemse PHB (see van der Zee et al). 1992; 166: 265-6 oer 
reply) 

Williams J (see Romero e et al). 1999: 166: 1576- 87 

Williams MA (see Hickok et al). 1992;166:851-2 

- Williams RS (see Sanfilippo et al). :1992; 166: 155-9 


1 


,  Author'index 1911 


í 


Willson JR. iae use of gynecologic E 


1992;166:13F1 (Letter reply) 


© Witter FR, Rocco LE, Johnson TRB. A randomized trial of 


prostaglandin E, in a controlled-release vaginal pessary for 
cervical ripening at term.. 1992; 166:830-4 


‘Wiznitzer A, Mazor M, Leiberman JR, Bar-Levie Y, Gurman 


G, Glezerman M. Familial occurrence of thrombotic throm- 
_bocytopenic purpura . in two sisters during pregnancy. 
1992;166:20-1 


`” Wladimiroff JW, Huisman TWA, Stewart PA. Intracerebral, 


aortic, and umbilical artery flow velocity waveforms in the 

late-first-trimester fetus. 1992; 166:46-9 

f ——, Stijnen Th. Normal fetal Doppler ee 
vena Cava, ‘transtricuspid, and umbilical artery flow velocity 
waveforms between 11 and 16 weeks’ gestation. 
1992; 166:92] -4 

Wlody D (see Santos et al). 1992; 166: 257- 62 

Wolcott HD (see Coleman et al). 1992; 166:916-20 








- Wolf N (see Rashad et al). 1992;166:620-4: 


Wolfe BM (see Plunkett and Wolfe). 1992;166:117-21 

Wong SP (see Anderson et.al). 1992;166:1091-101, 

Woods ER, Grace E, Havens KK, Merola JL, Emans SJ. Con- 
'traceptive compliance with a levonorgestrel triphasic anda 
norethindrone monophasic oral contraceptive in adolescent 
patients. 1992;166:901-7 


` Woods JR Jr (see Mahone ét al). 1992;166:1219- 21 
_—— (see Sherer et al). 1992;166:33-5 


—— (see Shérer et al). 1992;166:169-70 =. 7 
Word RA (see Zhu et al). 1992; 166:1222-7 


© Worden JK (see Secker-Walker et al). 1992;166:1356-63 
: Worthington M (see Crook et al). 1992;166:950-5 l 
Wright JW, Ridgway LE III. Applicability of the Poiseuille 


equation t6 umbilical artery velocimetry. 1992;166:767 (Let- 
ter reply). 


.Wu C-H (see Kuo et al). 1992; 166: 880-6 ` 


Y 


Wu S, Rodabaugh K, Martinez-Maza O, Watson JM, Silber- 


stein DS; Boyer CM, Peters WP,- Weinberg JB, Berek JS, 
Bast RC Jr. Stimulation of ovarian: tumor cell prolif- 
eration with monocyte products, including interleukin-a, 
interleukin-6, and tumor necrosis factor-a. 1992;166:997- 
1007 

Wyatt JS (see Peebles et al). 1992;166:1369-73 


= Wynn V (see. Crook et al). 1992;166:950-5 * 


—— (see Godsland et al): 1992;166:1955-63 
X 


- Xu L, Chang y, Murphy A, Rock JA, Damewood M, Schlaff 


W, Zacur HA. Frequency of positive antinuclear antibody 


-`> test results in women with recurrent spontaneous abortions. 
_ 1992;166:1021-2 (Letter reply) 


Y 


Yajima A (see Watanabe et al). 1992;166:246-55 k 


Yamada T (see Seidner et al). 1992;166:1551-9 


`- Yao B-L (see Kuo etal). '1992;166:880-6 


Yaron Y, Lessing JB, Peyser MR. Abruptio ene associ- - 
ated with perforated appendicitis and generalized perito- 
nitis. 1992;166:14-5 


l Yeoman RR (see Alexander et al).:1992;166:652-7 


Yin A (see Smith et al). 1992;166:634-45 
Ylikorkala O (see Kurki et al). 1992;166:150-4 


- Yokota SD (see Reckelhoff et al). 1992;166:1546-50 


Yoshimura T (see Ito et al). 1992;166:1249-53 


“Young K-C (see Kao et al). 1992;166:1013-9 
; Young PE = DiMarzo et al). 1992;166: 1607- 13- 


1912 Author index 


Youngblood JP. Suffer the little children: presidential address. 


1992;166:1712-6 
Yu Y (see Elg et al). 1992;166:134-7 
Yussman MA (see Bissonnette et al). 1992;166:192-9 
— (see Sanfilippo et al). 1992;166:155-9 


Z 


Zacur HA (see Xu et al). 1992;166:1021-2 (Letter repl-) 
Zaidi AA (see Rolfs et al). 1992;166:983-90 
Zaino R (see Sutton et al). 1992;166:50-3 


June 1992 
Am ] Obstet Gynecol 


Zamora-Garza M, Rizo J, Dominguez A. Giant ovarian cyst: 
case report. 1992;166:1247-8 

Zazzarino MA (see Colmorgen et al). 1992; 166:588-90 

Zemlickis D, Lishner M, Degendorfer P, Panzarella T, Burke 
B, Sutcliffe SB, Koren G. Maternal and fetal outcome after 
breast cancer in pregnancy. 1992;166:781-7 

Zhu Y-p, Word RA, Johnston JM. The presence of platelet- 
activating factor binding sites in human myometrium and 
their role in uterine contraction. 1992;166:1222-7 

Zicari A (see Pasetto et al). 1992;166:1500-6 

Zinberg S (see Altabef et al). 1992;166:1237-8 


Subject index* 


A 


Abdominal injuries 
Nonsurgical management of penetrating uterine trauma in 
pregnancy: a case report (Grubb). 1992;166:583-4 
Abdominal pain 
Long-term sequelae of acute pelvic inflammatory disease: a 
retrospective cohort study (Safrin et al). 1992:166: 
1300-5 
The resolution of chronic pelvic pain after normal laparos- 
copy findings (Baker and Symonds). 1992; 166:835-5 
Abnormalities 
Bilateral choroid plexus cysts in trisomy 21 (Rotmensch 
et al). 1992;166:591-2 
Hydrops fetalis associated with congenital myotonic dystro- 
phy (Affi et al). 1992; 166:929-30 
Maternal phenylketonuria collaborative study, obstetric as- 
pects and outcome: the first 6 years (Platt et al). 
1992; 166:1150-62 | 
Percutaneous umbilical blood sampling: results from a mul- 
ticenter collaborative registry (Hickok et al). 1992;166: 
1614-8 
Prenatal diagnosis of autosomal recessive polycystic kidney 
disease: variable outcome within one family (Barth et al). 
1992;166:560-7 
Prenatal ultrasonographic findings associated with wide 
clefting of the upper two thirds of the fetal sternum (Ma- 
hone et al). 1992;166:1219-2] 
Receiver-operator characteristic, efficiency analysis, and 
predictive value of serum progesterone concentration as 
a test for abnormal gestations (Cowan et al). 1992; 
166: 1729-37 
Spontaneous abortion and subsequent adverse birth out- 
comes (Thom et al). 1992;166:111-6 
Abortion 
Abortion or motherhood, suicide and madness (Ryan). 
1992; 166:1029-36 
Depressive symptoms in women in the 6 months after mis- 
carriage (Neugebauer et al). 1992;166:104-9 
Early amniocentesis: dutcome, risks, and technical problems 
at =12.8 weeks (Hanson et al). 1992;166:1707-11 
In the rhesus monkey placental retention after fetectomy 
at 121 to 130 days’ gestation outlasts the normal duration 
of pregnancy (Nathanielsz et al). 1992;166:1529-35 
Incidence of pelvic inflammatory disease after first-trimes- 
ter legal abortion in women with bacterial vaginosis after 
treatment with metronidazole: a double-blind, random- 
ized study (Larsson et al). 1992;166:100-3 
Sex selection and early pregnancy fetal sex determination: 
ethics and personal freedom of choice (Stephens) (Letter); 
(Evans and Fletcher) (Reply). 1992;166:1024-5 
Spontaneous abortion and subsequent adverse birth out- 
comes (Thom et al). 1992;166:111-6 


*January, part 1, 1-272; part 2, 273-478; February, 479-772; 
March, 773-1028; April, 1029-1314; May, 1315-1594; June, 
part 1, 1595-1948; part 2, 1949-2012. 


Abortion, habitual 
Evidence of embryo- and trophoblast-toxic cellular immune 
response(s) in women with recurrent spontaneous abor- 
tion (Hill et al). 1992:166:1044-52 
Frequency of positive antinuclear antibody test results in 
women with recurrent spontaneous abortions (Harger) 
(Letter); (Xu et al) (Reply). 1992; 166:1021-2 
Impact of histocompatibility antigens on pregnancy out- 
come (Eroglu et al). 1992;166:1364-9 
Interlaboratory variation in antiphospholipid antibody test- 
ing (Peaceman et al). 1992;166:1780-7 
Mechanism of recurrent spontaneous abortion. I. Ultrason- 
ographic findings (Stern and Coulam). 1992;166: 
1844-52 ' 
Prévalence of out-of-phase endometrial biopsy specimens 
(Peters et al). 1992;166:1738-46 
Repeated fetal losses associated with antiphospholipid an- 
tibodies: a collaborative randomized trial comparing 
prednisone with low-dose heparin treatment (Cowchock 
et al). 1992;166:1318-23 
Reproductive outcome in women with recurrent sponta- 
neous abortions of alloimmune and autoimmune causes: 
preconception versus postconception treatment (Kwak 
et al). 1992;166:1787-98 
Abruptio placentae — 
Abruptio placentae associated with perforated appendicitis 
and generalized peritonitis (Yaron et al). 1992;166:14-5 
Abscess, pelvic; see Adnexitis | 
Absorptiometry, photon 
Low-dosage micronized 178-estradiol prevents bone loss in 
postmenopausal women (Ettinger et al). 1992;166: 
479-88 
Abstracts’ 
12th annual meeting of the Society of Perinatal Obstetri- 
cians. 1992;166:273-478 l 
Acid-base equilibrium 
Does amniotic fluid analysis reflect acid-base balance in fetal 
blood? (Economides et al). 1992;166:970-3 
The effect of fetal sepsis on umbilical cord gases (Meyer 
et al). 1992;166:612-7 
Long-term acid-base measurements in the fetal and mater- 
nal baboon (Daniel et al). 1992;166:707-12 
Acoustic stimulation 
Umbilical artery flow velocity after vibratory acoustic stim- 
ulation (Nakamura et al) (Letter); (Gagnon et al) (Reply). 
1992;166:1865-6 
Acquired immunodeficiency syndrome 
Papanicolaou smear abnormalities in ambulatory care sites 
for women infected with the human immunodeficiency 
virus (Marte et al). 1992;166:1232-7 
Actocardiotocography __ 
Actocardiotocographic monitoring of triplets during vagi- 
nal delivery (van Eyck and Arabin). 1992; 166:1293-4 
Adenocarcinoma 
Cormiparison of adenocarcinoma and squamous cell carci- 
noma of the uterine cervix: a population-based epide- 
miologic study (Anton-Culver et al). 1992;166:1507-14 


1913 


1914 Subject index 


Adenocarcinoma—cont’d 
Human monoclonal antibody recognizing an antigen asso- 
ciated with ovarian and other adenocarcinomas (Smith 
et al). 1992;166:634-45 l 
The utility of immunocytochemistry in invasive adeno- 
carcinoma of the cervix (Tamimi et al). 1992;166: 
1655-62 
Adenomyosis; see Endometriosis 
Adenosine cyclic monophosphate 
Catecholamines modulate epidermal growth factor—in- 
duced prostaglandin E, production in amnion-like 
(WISH) cells by means of a cyclic adenosine monophos- 
phate—dependent pathway (Su et al). 1992;166:235-41 
Partial hydatidiform moles have impaired differentiated 
function (human chorionic gonadotropin and human pla- 
cental lactogen secretion) in response to epidermal growth 
factor and 8-bromo-cyclic adenosine monophosphate 
(Morrish et al). 1992;166:150-6 
Adhesions 
Comparison of the peritoneal cells elicited by oxidized re- 
generated cellulose (Interceed) and expanded polytetra- 
fluoroethylene (Gore-Tex Surgical Membrane) in a mu- 
rine model (Haney and Doty). 1992;166:1137-4¢ 
Administration, cutaneous 
Comparison of transdermal] and oral estrogen/ progestin re- 


placement therapy: effects on serum lipids and -ipopro-- 


teins (Crook et al). 1992;1€6:950-5 
Use of two types of estradiol-releasing skin patches for 
menopausal patients in a tropical climate (McCarthy 
et al). 1992;166:2005-10 
Administration, intranasal 
Bioavailability of nafarelin in healthy volunteers (Chaplin). 
1992; 166:762-5 . 
Administration, intravaginal 
Periconceptional exposure to topical 5-fluorouraci. (Otaño 
et al) (Letter); (Plouffe’et zl) (Reply). 1992;166:263-4 
Administration, oral 
Comparison of transdermal and oral estrogen/ progestin re- 
placement therapy: effects on serum lipids and lipopro- 
teins (Crook et al). 1992;166:950-5 
Adnexitis 
Incidence of pelvic inflammatory disease after firs:-trimes- 
ter legal abortion in women with bacterial vaginosis after 
treatment with metronidazole: a double-blind, -andom- 
ized study (Larsson et al). 1992;166:100-3 
Long-term sequelae of acute pelvic inflammatory Cisease: a 
retrospective cohort stucy (Safrin et al). 1992;166: 
1300-5 l 
Pelvic abscess complicating transcervical embryo transfer 
(Sauer and Paulson). 1992;166:148-9 
Pelvic inflammatory disease: findings during inpatient treat- 
-ment of clinically severe, laparoscopy-documented dis- 
ease (Livengood et al). 1992;166:519-24 
Pelvic inflammatory disease: trends in hospitalizations and 
office visits, 1979 through 1988° {Rolfs et al). 
1992; 166:983-960 
Adolescence 
Contraceptive compliance with a levonorgestrel triphasic 
and a norethindrone monophasic oral contrac2ptive in 
adolescent patients (Woods et al). 1992;166:901-7 
Dysmenorrhea and use of oral contraceptives in adolescent 
women attending a family planning clinic (Robinson 
et- al). 1992;166:578-83 
Early menopause in long-term survivors of cancer during 
adolescence (Byrne et al). 1992;166:788-93 
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Is trichomoniasis often associated with bacterial vaginosis in 
pregnant adolescents? (James et al). 1992;166:859-63 
Adrenal cortex hormones 
Effects of antenatal thyrotropin-releasing hormone, anten- 
atal corticosteroids, and postnatal ventilation on surfac- 
tant mobilization in premature rabbits (Seidner et al). 
1992;166:1551-9 
A randomized, placebo-controlled trial of betamethasone 
for the prevention of respiratory distress syndrome at 24 
to 28 weeks’ gestation (Garite et al). 1992;166:646-51 
Adrenal hyperplasia, congenital 
Rapid identification of deoxyribonucleic acid sequence dif- 
ferences in cytochrome P-450 21-hydroxylase (CYP21) 
genes with denaturing gradient gel blots (Reindollar 
et al). 1992;166:184-91 
Age factors 
Lp(a) lipoprotein: relationship to cardiovascular disease risk 
factors, exercise, and estrogen (Lobo et al). 1992; 
166:1182-90 
Aged 
Radical hysterectomy in the elderly patient: analysis of mor- 
bidity (Fuchtner et al). 1992;166:593-7 
Alcohol 
Influence of alcohol intake on postoperative morbidity after 
hysterectomy (Felding et al). 1992;166:667-70 
Alkylating agents 
Early menopause in long-term survivors of cancer during 
adolescence (Byrne et al). 1992;166:788-93 
Alloimmune thrombocytopenia; see Thrombocytopenia 
Alpha fetoproteins 
The California Maternal Serum «-Fetoprotein Screening 
Program: the role of ultrasonography in the detection of 
spina bifida (Platt et al). 1992; 166:1328-9 
Maternal serum a-fetoprotein, B-human chorionic gonad- 
otropin, and unconjugated estriol levels in midtrimester 
trisomy 18 pregnancies (Greenberg et al). 1992; 166:1388- 
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Ultrasonographic dating of pregnancy causes significant er- 
rors in Down syndrome risk assessment that may be min- 
imized by use of biparietal diameter~based means (Rey- 
nolds et al). 1992;166:872-7 

Unexplained elevated maternal serum a-fetoprotein is not 
predictive cf adverse perinatal outcome in an indigent 
urban population (Phillips et al). 1992;156:978-82 

Ambulatory care facilities 

Papanicolaou smear abnormalities in ambulatory care sites 
for women infected with the human immunodeficiency 
virus (Marte et al). 1992;166:1232-7 

The American Board of Obstetrics and Gynecology 

New certifications: subspecialty of Critical Care. 1992; 
166:1888 

New certifications: subspecialty of Gynecologic Oncology. 
1992; 166: 1869-85 

New certifications: subspecialty of Maternal-Fetal Medicine. 
1992; 166:1385-6 | 

New certifications: subspecialty of Reproductive Endocri- 
nology. 1992; 166:1887-8 

Recertifications: principal specialty. 1992; 166:1888-91 

American Gynecological and Obstetrical Society 

Transactions of the tenth annual meeting of the American 
Gynecological and Obstetrical Society. 1992;166:1029- 
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Amniocentesis 

Early amniocentesis: outcome, risks, and technical problems 

at $12.8 weeks (Hanson et al), 1992;165:1707-11 
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Therapeutic amniocentesis in twin-twin transfusion syn- 
drome appearing in the second trimester of pregnancy 
(Saunders et al). 1992;166:820-4 

Amnion 

Catecholamines. modulate epidermal growth factor~in- 
duced prostaglandin E, production in amnion-like 
(WISH) cells by means of a cyclic adenosine monophos- 
phate—dependent pathway (Su et al). 1992; 166: 236- 4] 

Amniotic fluid 

Amniotic fluid glucose and intraamniotic infection: sensi- 
tivity, specificity, and predictive values (Gonen) (Letter); 
(Kirshon) (Reply). 1992; 166: 1863-4 

Does amniotic fluid analysis reflect acid-base balance in fetal 
blood? (Economides et al). 1992;166:970-3 

Endothelin-1 and endothelin-2 levels are increased in the 
amniotic fluid of women with preterm labor and microbial 
invasion of the amniotic cavity (Romero et ai). 
1992;166:95-9 

Eradication of Ureaplasma urealyicum from the amniotic 
fluid with transplacental antibiotic treatment (Romero 
et al), 1992;166:618-20 


Infection and labor. VII. Microbial invasion of the amniotic’ 


cavity in spontaneous rupture of membranes at term 
(Romero et al). 1992;166:129-33 
Intrapartum amniotic fluid index and its relationship to 
fetal distress (Robson et al), 1992;166:78-82 
Mimicking low amniotic pressure by chronic pharyngeal 
drainage does not impair lung development in fetal sheep 
(Fisk et al). 1992;166:991-6 
The relationship between acute inflammatory lesions of the 
preterm placenta and amniotic fluid microbiology (Rom- 
ero et al). 1992;166:1382-8 
Tumor necrosis factor in preterm and term labor (Romero 
et al). 19925166: 1576-87 
Anaphylaxis 
Latex anaphylaxis in an obstetrics and gynecology physician 
(Chen et al). 1992;166:968-9 
Anemia 
Acute posttraumatic fetal anemia treated with fetal 
intravascular transfusion (Del Valle et al). 1992;166: 
» 127-9 
Effects of chronic maternal anemia on systemic and utero- 
placental oxygenation in near-term pregnant sheep (Del- 
papa et al). 1992;166:1007-12 
Anemia, hemolytic 
Hemolytic disease of the fetus (Spinnato) (Letter); (Weiner) 
(Reply). 1992;166:1589-90 
Human fetal bilirubin levels and fetal hemolytic disease 
(Weiner). 1992;166:1449-54 
Anemia, sideroblastic 
Successive pregnancies complicated by idiopathic sidero- 
blastic anemia (Barton et al). 1992;166:576-7 
Anesthesia 
Inhibition of preimplantation mouse embryo development 
by isoflurane (Warren et al). 1992;166:693-8 
Angiography 
Angiographic embolization in the management of hemor- 
rhagic complications of pregnancy (Gilbert et al). 
1992;166:493-7 
Angiotensin II 
The blood pressure response to infusions of angiotensin IT 
during normal pregnancy: relation to plasma angiotensin 
II concentration, serum progesterone level, and mean 
platelet volume (Ito et al). 1992; 166:1249-53 
Changes in human platelet angiotensin II binding sites as- 
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sociated with early pregnancy (Baker et al). 1992;166: 
255-6 
Uterine and umbilical flow velocity waveforms in normo- 
tensive and hypertensive subjects during the angiotensin 
II sensitivity test (Erkkola and Pirhonen). 1992;166: 
910-6 | 
Animal welfare 
Animals and ethics: how society’s attitudes have changed 
(Fritzsche) (Letter); (Maharry) (Reply). 1992;166:1312-3 
The issue of animal rights and human rights (Heller). 
1992;166:1588-9 (Letter) 
Anoxia 
Role of prostaglandins in the metabolic responses of the 
fetus to hypoxia (Hooper et al). 1992; 166:1568-75 
Anti-C; see Antibodies 
Antibiotics l 
Direct inhibition of proteases and cervical plasminogen ac- 
tivator by antibiotics (Milwidsky et al). 1992;166:606-12 
Eradication of Ureaplasma urealyticum from the amniotic 
fuid with transplacental antibiotic treatment (Romero 
et al). 1992;166:618-20 
Erythromycin therapy in preterm premature rupture of the 
membranes: a prospective, randomized trial of 220 pa- 
tients (Mercer et al). 1992; 166:794-802 
A review of premature birth and subclinical infection (Gibbs 
et al). 1992;166:1515-28 (Curr. dev.) 
Antibodies 
Sévere anti-C hemolytic disease of the a (Bowman 
et al). 1992;166:1239-43 
Antibodies, antinuclear 
Frequency of positive antinuclear anubody test results in 
women with recurrent spontaneous abortions (Harger) 
(Letter); (Xu et al) (Reply). 1992;166:1021-2 
Antibodies, monoclonal l 
Human monoclonal antibody recognizing an antigen asso- 
ciated with ovarian and other adenocarcinomas (Smith 
et al). 1992;166:634-45 
Anticancer drugs; see Antineoplastic agents 
Anticonvulsants 
Anticonvulsant effects of magnesium sulfate on hippocam- 
pal seizures: therapeutic implications in preeclampsia- 
eclampsia (Cotton et al). 1992;166:1127-36 
Magnesium sulfate is an unfit anticonvulsant in eclampsia 
(Luan) (Letter); (Sibai) (Reply). 1992;166:1588 
Antigens 
Derivation of new mathematic formulas for determining 
whether a D-positive father is heterozygous or homozy- 
gous for the D antigen (Kanter). 1992;166:61-3 
Human monoclonal antibody recognizing an antigen asso- 
ciated with ovarian and other adenocarcinomas (Smith 
et al). 1992;166:634-45 
Preeclampsia, von Willebrand factor antigen, and endothe- 
lal cells (Blann) (Letter); (Taylor et al) (Reply). 
1992;166:769-70 
Antigens, tumor-associated, carbohydrate 
The clinical significance of thrombocytosis in women pre- 
senting with a pelvic mass (Chalas et al). 1992;166:974-7 
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Anticancer drugs during pregnancy: Are we able.to discard 
them? (Kim et al) (Letter); (van der Zee et al) (Reply). 
1992; 166:265-6 

Antinuclear antibody; see Antibodies, antinuclear 
Antiphospholipid antibody; see Autoantibodies . 
Aorta 

Intracerebral, aortic, and umbilical artery flow velocity 
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Aorta-——cont’d 
waveforms in the late-first-trimester fetus (Wladimiroff 
et al). 1992;166:46-9 
Apolipoproteins. 
Lipid and apolipoprotein abnormalities i in hirsute women. 
i, The association with insulin resistance (Wild et al). 
_-1992;166:1191-7 
Appendicitis 
Abruptio placentae associated with perforated appendicitis 
- and generalized peritonitis (Yaron et al). 1992;166: 
14-5 
Arginine 
Nw-Nitro-L-arginine, and inhibitor of nitric oxide synthesis, 
increases blood pressure in rats and reverses the preg- 
nancy-induced refractoriness to vasopressor agents (Mol- 
nar and Hertelendy). 1992;166:1560-7 
Ascariasis 
Nematode infections: Is it w:se to withhold medical treat- 
ment during pregnancy? I. Biliary complications (Villar 
’ L. and Sibai). 1992;166: 549- 50 
Ascitic fluid 
The effect of preovulatory er fluid from cases of 
endometriosis on murine in vitro fertilization, embryo 
development, oviduct transport, and implantation (Dodds 
et al). 1992;166:219-24 
Substance P in peritoneal fluid (Sanfilippo et al). 
1992;166:155- 9 
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Meconium aspiration syndrome: reflections on a murky sub- 
ject (Katz and Bowes). 1992;166:171-83 (Curr. dev.) 
The physiologic mechanisms of variable decelerations (Ball 
and Parer). 1992;166:1683-9 
Role of prostaglandins in the- metabolic responses of the 
fetus to hypoxia (Hooper et al). 1992;166:1568-75 
Atrial natriuretic peptide; see Natriuretic peptides, atrial 
Attitude 
Animals and ethics: how society’s attitudes have changed 
(Fritzsche) (Letter); (Maharry) (Reply). 1992;166:1312-3 
Attitudes toward reproduction in a nonpatient population 
(Wikman et al). 132; 166:121-6 
Auscultation 
The accuracy of auscultatory detection of fetal cardiac de- 
celerations: a computer simulation (Schifrin et al). 
1992; 166:566-76 
Details of electronic fetal monitoring randomized control 
trials {Schifrin} (Letter); (Ellison) (Reply). 1992;166: 
1308-9 
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Interlaboratory variation in antiphospholipid antibody test- 
ing (Peaceman et al). 1992;166:1780-7 
Repeated fetal losses associated with antiphospholipid an- 
tibodies: a collaborative randomized trial comparing 
prednisone with low-dose heparin treatment (Cowchock 
et al). 1992;166:1318-23 
Autoimmunity 
Reproductive outcome in women with recurrent sponta- 
neous abortions of alloimmune and autoimmune causes: 
preconception versus postconception treatment (Kwak 
et al). 1992;166:1787-98 
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ing et al). 1992;166:1243-7 
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Bacteria 
Characteristics of three vaginal Hora patterns assessed by 
Gram stain among pregnant women (Hillier et al). 
1992; 166:938-44 
Bacterial vaginosis; see Vaginitis 
Benzo(a)pyrene 
The effect of benzo(a)pyrene on murine ovarian and cor- 
pora lutea volumes (Miller et al). 1992; 166:1535-41 
17Beta-estradiol; see Estradiol _ 
Beta-human chorionic gonadotropin; see Gonadotropins, 
chorionic 
Betamethasone 
Effects of antenatal thyrotropin-releasing hormone, anten- 
atal corticosteroids, and postnatal ventilation on surfac- 
tant mobilization in premature rabbits (Seidner et al). 
1992;166:1551-9 
A randomized, placebo-controlled trial of betamethasone 
for the prevention of respiratory distress syndrome at 24 
to 28 weeks’ gestation (Garite et al). 1992;166:646-51 
Bicycle exercise test; see Exercise test 
Biliary tract 
Nematode infections: Is it wise to withhold medical treat- 
ment during pregnancy? I. Biliary complications (Villar 
L. and Sibait. 1992;166:549-50 
Bilirubin 
Human fetal diltrubin levels and fetal hemolytic disease 
(Weiner). 1992;166:1449-54 
Binding sites 
Changes in human platelet angiotensin H binding sites as- 
sociated with early pregnancy (Baker et al). 1992;166: 
255-6 
The presence of platelet-activating factor binding sites in 
human myometrium and their role in uterine contraction 
(Zhu et al). 1992; 166:1222-7 
Bioavailability; see Biological availability 
Biological availability 
Bioavailability of nafarelin in healthy volunteers (Chaplin). 
1992; 166:762-5 
Postmenopausal steroid replacement with micronized de- 
hydroepiandrosterone: preliminary oral bioavailability 
and dose proportionality studies (Buster et al). 
1992;166:1163-70 
Biophysics 
Comprehensive fetal assessment with three ultrasono- 
graphic characteristics (James et al). 1992;166:1486- 
95 
Fetal biophysical and umbilical cord gases (Modanlou) (Let- 
ter); (Vintzileos et al) (Reply). 1992;166:1589 
Population differences of fetal biophysical and behavioral 
characteristics (Johnson et al}. 1992;166:138-42 
Biopsy 
Hysteroscopic myometrial biopsy: its use in diagnosing ad- 
enomyosis and its clinical application (McCausland). 
1992; 166:1619-28 
Prevalence of out-of-phase endometrial biopsy specimens 
(Peters et al). 1992:166:1738-46 
Birth; see Delivery 
Birth defects; see Abnormalities 
Birth injuries 
Brachial plexus shiny, an old problem revisited (Jennett 
et al). 1992;156:1673-7 
Birth weight 
Efficacy of the fetal-pelvic index in nulliparous women at 
high risk for fetal-pelvic disproportion (Morgan and 
Thurnau). 1$92;166:810-4 
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Neonatal morbidity according to gestational age and birth 
weight from five tertiary care centers in the United States, 
1983 through 1986 (Robertson et al). 1992;166:1629-45 

Blastocyst 

Inhibition of preimplantation mouse embryo development 

by isoflurane (Warren et al). 1992;166:693-8 
Blood 

Magnetic cell sorting and the transferrin receptor as poten- 
tial means of prenatal diagnosis from maternal blood 
(Ganshirt-Ahlert et al). 1992;166:1350-5 

Blood, analysis 

Analysis of peripheral blood of pregnant women for the 
presence of fetal Y chromosome~—specific ZFY gene de- 
oxyribonucleic acid sequences (Kao et al). 1992;166: 
1013-9 

Blood ’circulation 

Doppler ultrasonographic features of the developing pla- 
cental circulation: correlation with anatomic findings 
(Jauniaux et al). 1992;166:585-7 

Blood flow velocity 

Inferior vena cava flow velocity waveforms in appropriate- 
and smali-for-gestational-age fetuses (Rizzo et al). 
1992;166:1271-80 

Intracerebral, aortic, and umbilical artery flow velocity 
waveforms in the late-first-trimester fetus (Wladimiroff 
et al). 1992;166:46-9 

Middle cerebral artery flow velocity waveforms in normal 
and small-for-gestational-age fetuses (Mari and Deter). 
1992; 166: 1262-70 

Normal fetal Doppler inferior vena cava, transtricuspid, and 
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16 weeks’ gestation (Wladimiroff et al). 1992;166: 
921-4 

Umbilical artery flow velocity after vibratory acoustic stim- 
ulation (Nakamura et al) (Letter); (Gagnon et al) (Reply). 
1992; 166:1865-6 

Uterine and umbilical flow velocity waveforms in normo- 
tensive and hypertensive subjects during the angiotensin 
II sensitivity test (Erkkola and Pirhonen). 1992;166: 
910-6 

Blood gas analysis 

The effect of fetal sepsis on umbilical cord gases (Meyer 
et al). 1992;166:612-7 

Fetal biophysical and umbilical cord gases (Modanlou) (Let- 
ter); (Vintzileos et al) (Reply). 1992;166:1589 

Long-term acid-base measurements in the fetal and mater- 
nal baboon (Daniel et al). 1992;166:707-12 

Vaginal Po, in healthy women and in women infected with 
Trichomonas vaginalis: potential implications for metroni- 
dazole therapy (Rashad et al). 1992;166:620-4 

Venous drainage of the human uterus: respiratory gas stud- 
ies in normal and fetal growth-retarded pregnancies 
(Pardi et al). 1992;166:699-706 

Blood grouping and crossmatching 

Chorionic villus sampling for fetal Rh typing: clinica] im- 

plications (Kickler et al). 1992; 166:1407-11 
Blood platelet disorders 

May-Hegglin anomaly: a rare case of maternal thrombo- 

cytopenia in pregnancy (Chatwani et al). 1992;166:143-4 
Blood platelets 

The blood pressure response to infusions of angiotensin II 
during normal pregnancy: relation to plasma angiotensin 
II concentration, serum progesterone level, and mean 
platelet volume (Ito et al). 1992; 166:1249-53 

Changes in human platelet angiotensin IJ binding sites as- 


Subject index 1917 


sociated with early pregnancy (Baker et al). 1992;166: 
255-6 7 
Blood pressure 
Arterial pressure response to maximal isometric exercise in 
pregnant women (Lotgering et al). 1992;166:538-42 
The blood pressure response to infusions of angiotensin II 
during normal pregnancy: relation to plasma angiotensin 
II concentration, serum progesterone level, and mean 
platelet volume (Ito et al). 1992;166:1249-53 
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terns in physiologic pregnancy (Cugini et al). 1992; 
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terson et al). 1992:166:513-8 
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Nw-Nitro-L-arginine, and inhibitor of nitric oxide synthesis, 
increases blood pressure in rats and reverses the preg- 
nancy-induced refractoriness to vasopressor agents (Mol- 
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Acute posttraumatic fetal anemia treated with fetal intra- 
vascular transfusion (Del Valle et al). 1992;166:127-9 
Alloimmune thrombocytopenia may be associated with sys- 
temic disease (Kay et al). 1992;166:110-1 
Severe anti-C hemolytic disease of the newborn (Bowman 
et al), 1992;166:1239-43 
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Platelet activation and vascular damage in gestational hy- 
pertension (Ballegeer et al). 1992;166:629-33 | 
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Low-dosage micronized 17-estradiol prevents bone loss in 
postmenopausal women (Ettinger et al). 1992;166:479-88 
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miologic study (Anton-Culver et al). 1992;166:1507-14 
A comprehensive program for cervical cancer detection and 
management (Benedet et al). 1992;166:1254-9 
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1992; 166:257-62 
Cardiovascular disease; see Heart diseases 
Cardiovascular diseases 
The benefits and risks of hormone replacement therapy: an 
epidemiologic overview (Harlap). 1992;166:1986-92 
Clinical and metabolic considerations of long-term oral con- 
traceptive use (Godsland et al). 1992;166:1955-63 
Norgestimate: 2 clinical overview of a new progestin (Brin- 
ger). 1992;166:1969-77 
CGatecholamines 
Catecholamines modulate epidermal growth factor—in- 
=- duced prostaglandin E, production in amnion-like 
(WISH) cells by means of a cyclic adenosine monophos- 
phate~dependent pathway (Su et al). 1992;166:236-41 
Change in electrocardiogram T-wave amplitude during um- 
_ bilical cord compression is predictive of fetal condition in’ 
sheep (Watanabe et al). 1992; 166:246-55 
Elevated plasma Met-enkephalin levels in the human new- 
born are a poor indicator of perinatal stress (Martinez 
et al). 1992;166:1429-35 
Cavitational ultrasonic surgical aspirator; see Surgery, op- 
erative 
Cell separation 
Magnetic cell sorting and the transferrin receptor as poten- 
tial means of prenatal diagnosis from maternal blood 
(Ganshirt-Ahlert et al). 1992;166:1350-5 
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Cellular immunity; see Immunity, cellular 
Cellulose, oxidized i 
Comparison of the peritoneal cells elicited by oxidized re- 
generated cellulose (Interceed) and expanded polytetra- 
fluoroethylene (Gore-Tex Surgical Membrane) in a mu- 
rine model (Haney and Doty). 1992;166:1137-49 
Central Association of Obstetricians and Gynecologists 
Transactions of the fifty-ninth annual meeting of the Cen- 
tral Association of Obstetricians and Gynecologists. 
1992;166:1712-62 ` 
Cerebral arteries 
Intracerebral, aortic, and umbilical artery fow velocity 
waveforms in the late-first-trimester fetus (Wladimiroff 
et al). 1992;166:46-9 ` 
Middle cerebral artery flow velocity waveforms in normal 
and small-for-gestational-age fetuses (Mari and PEET 
1992;166:1262-70 
Cerebral hemoglobin; see Hemoglobins 
Cervical ripening; see Labor stage, first 
Cervix 
Cervical cytology: a anaoa comparison of four sam- 
pling methods (McCord et al). 1992;166:1772-9 
Comparison of thermal injury zones in loop electrical and 
laser cervical excisional conization (Baggish et al). 
1992; 166:545-8 
Origin of cervical collagenase during parturition (Osmers 
et al). 1992;166:1455-60 
Cervix diseases 
Cervical stenosis in pregnancy: a complication of- cryoth- 
erapy in diethylstilbestrol-exposed women (Kalstone). 
1992;166:502-3 
Cervix dysplasia 
Oral folic acid supplementation for cervical dysplasia: a clin- 
ical intervention trial (Butterworth et al). 1992;166: 
803-9 
Cervix incompetence 
Diagnosis of cervical change in pregnancy by means of trans- 
vaginal ultrasonography (Joffe et al). 1992;166:896-900 
Cervix neoplasms 
Comparison of adenocarcinoma and squamous cell carci- 
noma of the uterine cervix: a population-based epide- 
miologic study (Anton-Culver et al). 1992;166:1507-14 
A comprehensive program for cervical cancer detection and 
management (Benedet et al). 1992;166:1254-9 
Diathermy loop excision in the management of cervical in- 
traepithelial neoplasia: diagnosis and treatment in one 
procedure (Keijser et al). 1992;166:1281-7 
Epidermal growth factor receptor expression in cervical in- 
traepithelial neoplasia (Mittal). 1992;166:1593 (Letter) 
Immunohistochemical detection of the multi-drug-resis- 
tance marker P-glycoprotein in uterine cervical carcino- 
mas and normal .cervical tissue (Schneider et al). 
1992;166:825-9 
Laparoscopic radical hysterectomy with paraaortic and pel- 
vic node dissection (Nezhat et al). 1992;166:864-5 
Ovarian metastases in stage IB carcinoma of the cervix: a 
Gynecologic Oncology Group ey (Sutton et al). 
1992;166:50-3 
Patterns of failure of bulky-barrel carcinomas of the cervix 
(Coleman et al): 1992;166:916-20 
Radical hysterectomy for treatment of cervical cancer: a 
prospective study of two methods of closed-suction drain- 
age (Barton et al). 1992;166:533-7 
Radical hysterectomy in the elderly patient: analysis of mor- 
bidity (Fuchtner et al). 1992; 166:593-7 
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The utility of immunocytochemistry in invasive adenocar- 

cinoma of the cervix Gane et al). 1992;166:1655-62 
Cesarean section 

` Acute childbirth morbidity: its measurement rusing hospital 
charges (Hage et al). 1992;166:1853-62 

- Benefits of cesarean ‘section stapling device understated? 
(Martens). 1992;166:266-7 (Letter) 

Breech extraction of low-birth-weight second twins: Can 

cesarean section be justified? (Davison et al). 1992; 
166:497-502 . 

The effect of cesarean section on intraventricular hemor- 
rhage in the preterm infant (Anderson et - al). 
1992;166:1091-101 

First successful cesarean section in the British empire 
(Miller). 1992;166:269 (Letter) 

The Green Bay cesarean section study. I]. The physician 
factor as a determinant of cesarean birth rates for failed 
labor (DeMott and Sandmire). 1992;166:1799-810 

- The uterine stapling device for cesarean section: a positive 
view (Pelosi and Pelosi) (Letter); (Villeneuve etal) (Reply). 
1992; 166:267-8 

The Zavanelli maneuver applied to locked twins (Swartjes 

etal). 1992;166:532 

Chemotherapy; see Drug therapy 

Child 

Acute genital injury in the prepubertal girl (Pokorny et al). 
1992; 166:1461-6 l 

Child abuse, sexual 

Acute genital injury in the propuesta girl (Pokorny et al). 
1992;166:1461-6 

Childbirth; see Labor 

Cholesterol 

Comparison of transdermal and oral estrogen/ progestin re- 
placement therapy: effects on serum lipids and lipopro- 
teins (Crook et al). 1992;166:950-5 

The Diabetes in Early Pregnancy Study: changes in choles- 
terol, triglycerides, body weight, and blood pressure (Pe- 
terson et al). 1992;166:513-8 . 

Prolonged effects of a novel, low-dosage continuous pro- 

= gestin—cyclic estregen replacement program in post- 
menopausal women (Plunkett and Wolfe). 1992; 166:117- 
2] 

Chorioamnionitis 

Endothelin-1 and endothelin-2 levels are increased in the 
amniotic fluid of women with preterm labor and microbial 
invasion of the amniotic cavity (Romero et al). 

` 1992;166:95-9 

Eradication of Ureaplasma urealyticum from the amniotic 
fluid with transplacental antibiotic treatment (Romero 
et al). 1992;166:618-20 

Infection and labor. VII. Microbial invasion of the amniotic. 
cavity in spontaneous rupture of membranes at term 
(Romero et al). 1992;166:129-33 

The relationship between acute inflammatory lesions of the 
preterm placenta and amniotic fluid microbiology (Rom- 
ero et al). 1992;166:1382-8 

A review of premature birth and subclinical infection (Gibbs 
et al). 1992;166:1515-28 (Curr. dev.) 
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Chorionic villi sampling 
Chorionic villus sampling for fetal Rh typing: clinical tm- 
plications (Kickler et al). 1992;166:1407-11 
Transabdominal chorionic villus sampling: a modified free- 
hand ultrasonographically guided technique (Hill and 
Laifer). 1992;166:512 
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Choroid plexus 
Bilateral choroid plexus cys:s in trisomy 21 (Rocmensch 
et al). 1992;166:591-2 
Chromosome abnormalities 
Bilateral choroid plexus cysts in trisomy 21 (Rotmensch 
et al). 1992;166:591-2 
Prenatal diagnosis of autosomal recessive polycystic kidney 
disease: variable outcome within one family (Barth et al). 
1992; 166:560-7 
Clinical opinion 
Clinical opinion. 1992;166:1-3, 775-80 
Clomiphene 
Steroids receptors in the endometrium during clomiphene 
citrate treatment (Shabib and Pittrof ) (Letter); (Fr-tz) (Re- 
ply). 1992; 166: 1866-7 
Collagen 
The function of elevated plasma fibronectin in preeckampsia 
(Brubaker et al). 1992;166:526-31 
Collagenase 
Origin of cervical collagenase during parturition (Osmers 
et al). 1992;166:1455-60 
College of American Pathologists 
Examination of placentas by pathologists (Altshuler). 
1992;166:1312 (Letter) 
Colorimetry 
Prediction of respiratory distress syndrome by a new col- 
orimetric assay (Almog et al. 1992;166:1827-34 
Colposcopy 
Colposcopy to establish physical findings in rape victims 
(Slaughter and Brown). 1992;166:83-6 
A comprehensive program for cervical cancer detection and 
management (Benedet et al) 1992;166:1254-9 
Compliance; see Patient compliance 
Computer simulation 
The accuracy of auscultatory detection of fetal cardiac de- 
celerations: a computer simulation (Schifrin et al). 
1992; 166:566-76 
Conception; see Fertilization 
Congenital malformations; see Abnormalities 
Congenital myotonic dystrophy; see Myotonia atrophica 
Contraceptives 
Contraceptive prevalence, reproductive health, and inter- 
national morality (Diczfalusy). 1992;166:1037-43 
The effect of continuous subd2rmal levonorgestrel {Nor- 
plant) on carbohydrate metabolism (Konje et al). 
1992;166:15-9 
Rates and outcomes of planned pregnancy after use of Nor- 
plant capsules, Norplant II rods, or levonorgestrel-re- 
leasing or copper TCu 380Ag intrauterine contraceptive 
devices (Sivin et al). 1992;166:1208-13 
Contraceptives, oral 
Clinical and metabolic consideracions of long-term oral con- 
traceptive use (Godsland et ali. 1992;166:1955-63 
Contraceptive compliance with a levonorgestrel triphasic 
and a norethindrone monophasic oral contraceptive in 
adolescent patients (Woods et al). 1992;166:901-7 
Dysmenorrhea and use of oral contraceptives in adolescent 
women attending a family planning clinic (Robinson 
et al). 1992;166:578-83 
The efficacy and tolerability of morgestimate/ethinyl estra- 
diol (250 ug of norgestimate/35 we of ethinyl estradiol): 
results of an open, multicenter study of 59,701 women 
(Runnebaum et al), 1992;166:1963-8 
Norgestimate: a clinical overview of a new progestin (Brin- 
ger). 1992;166:1969-77 
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Oral contraceptive type and functional ovarian cysts (Lanes 
et al), 1992;166:956-6] 
The safety of oral contraceptives: epidemiologic insights 
from the first 30 years (Grimes). 1992;166:1950-4 
Steroids from menarche to menopause: introduction (Mish- 
ell). 1992;166:1949 
Copper intrauterine devices; see Intrauterine devices, copper 
Cord blood; see Fetal blood 
Cordocentesis; see Fetal blood 
Corpus luteum 
The effect of benzo(a)pyrene on murine ovarian and cor- 
pora lutea volumes (Miller et al). 1992;166:1535-41 
Corrections 
Fetal maternal laryngeal papillomatosis in pregnancy: a case 
report (Helmrich et al) (1992;166:524-5). 1992; 166:1313 
Increased progesterone concentrations are necessary to sup- 
press interleukin-2—activated human menonuclear cell 
cytotoxicity (Feinberg et al) (1991;165:1872-6). 1992; 
166:1313 
Relationship between biophysical activities and umbilical 
cord blood gas values (Vintzileos et al) (1991; 165:707-13). 
1992;166:1313 
Correspondence 
Letters. 1992;166:263-9, 766-71, 1020-5, 1306-13, 1588-93, 
1863-8 
Corticotropin-releasing hormone 
Elevated maternal plasma corticotropin-releasing hormone 
levels in pregnancies complicated by preterm labor (War- 
ren et al). 1992;166:1198-207 
Cortisol; see Hydrocortisone 
Cost benefit analysis 
Increasing use of gynecologic ultrasonography (Goldstein) 
(Letter); (Willson) (Reply). 1992;166:1310-1 
Crown-rump length dating; see Gestational age 
Cryosurgery 
Cervical stenosis in pregnancy: a complication of cryo- 
therapy in diethylstilbestrol-exposed women (Kalstone), 
1992;166:502-3 
Current development 
Current development. 1992;166:171-83, 1515-28 
Cystadenoma 
Giant ovarian cyst: case report (Zamora-Garza et al). 
1992;166:1247-8 
Cystitis 
Eosinophilic cystitis 
1992; 166:28-9 
Cystourethropexy 
Modified retropubic cystourethropexy H (Goodno and 
Powers). 1992; 166:1678-82 
Cysts 
Bilateral choroid plexus cysts in trisomy 21 (Rotmensch 
et al). 1992;166:591-2 
Cytochrome P-450 
Rapid identification of deoxyribonucleic acid sequence dif- 
ferences in cytochrome P-450 21-hydroxylase (CYP21) 
genes with denaturing gradient gel blots (Reindollar 
et al). 1992;166:184-91 
Cytology 
A comprehensive program for cervical cancer detection and 
management (Benedet et al). 1992;166:1254-9 
Cytomegaloviruses 
Prenatal diagnosis of fetal cytomegalovirus infection (Lamy 
et al). 1992;166:91-4 
What is the prognosis for congenital cytomegalovirus in- 
fection? (Binder). 1992;166:1591 (Letter) 
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Cytoreduction; see Surgery, operative 
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D antigen; see Antigens 
Debridement l 
Necrotizing fasciitis of the vulva (Stephenson et al). 
1992;166:1324-7 
Decidua 
Influence of labor and oxytocin on in vitro leukotriene re- 
lease by human fetal membranes and uterine decidua at 
term gestation (Pasetto et al). 1992;166:1500-6 
Dehydroepiandrosterone 
Postmenopausal steroid replacement with micronized de- 
hydroepiandrosterone: preliminary oral bioavailability 
and dose proportionality studies (Buster et al). 
1992:166:1163-70 
Delivery 
Actocardiotocographic monitoring of triplets during vagi- 
nal delivery (van Eyck and Arabin). 1992; 166:1293-4 
Brachial plexus palsy: an old problem revisited (Jennett 
et al). 1992;166:1673-7 
Vaginal birth after cesarean delivery: Are there useful and 
valid predictors of success or failure? (Pickhardt et al). 
1992;166:1811-9 
The Zavanelli maneuver applied to locked twins (Swartjes 
et al). 1992;166:532 
Denaturing gradient gel electrophoresis; see Electrophoresis 
Deoxyribonucleic acid; see DNA 
Department chairmen, see Medical staff 
Depression 
Depressive symptoms in women in the 6 months after mis- 
carriage (Neugebauer et al). 1992;166:104-9 
Dextrans 
Documentation of high-molecular-weight dextran (Hyskon) 
solution entering the serum during hysteroscopy (Man- 
gar). 1992;166:771 (Letter) 
Diabetes mellitus 
Fetal polycythemia and thrombocytopenia in pregnancies 
complicated by maternal diabetes mellitus (Salvesen et al). 
1992; 166:1287-92 
Necrotizing fasciitis of the vulva (Stephenson et al). 
1992; 166:1324-7 
Diabetes mellitus, insulin-dependent 
Impairment of counterregulatory hormone responses to hy- 
poglycemia in pregnant women with insulin-dependent 
diabetes mellitus (Diamond et al). 1992;166:70-7 
Infertility and pregnancy outcome in an unselected group 
of women with insulin-dependent diabetes mellitus (Kjaer 
et al). 1992;166:1412-8 
Progression of diabetic retinopathy in pregnancy: associa- 
tion with hypertension in pregnancy (Rosenn et al). 
1992:166:1214-8 
Diabetic retinopathy . 
Progression of diabetic retinopathy in pregnancy: associa- 
tion with hypertension in pregnancy (Rosenn et al). 
— 1992;166:1214-8 © 
Diagnosis . 
Examination of placentas by pathologists (Altshuler). 
1992;166:1312 (Letter) 
Diaphragmatic hernia; see Hernia, diaphragmatic 
Diathermy loop excision; see Electrocoagulation 
Diet therapy 
Maternal phenylketonuria collaborative study, obstetric as- 
pects and outcome: the first 6 years (Platt et al). 
1992; 166:1150-62 
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Diethy]stilbestrol 
Cervical stenosis in pregnancy: a complication. of cryo- 
therapy in diethylstilbestrol-exposed women (Kalstone). 
1992; 166:502-3 
Digoxin 
Treatment of fetal supraventricular tachycardia with fle- 
cainide acetate after digoxin failure (Mills) (Letter); (Ko- 
finas) (Reply). 1992;166:1863 
Dihydroxycholecalciferols 
Abnormal 1,25-dihydroxyvitamin D metabolism in pre- 
eclampsia (August et al). 1992;166:1295-9 
Dihydroxyvitamin D; see Dihydroxycholecalciferols 
Dilatation 
Origin of cervical collagenase during parturition (Osmers 
et al). 1992;166:1455-60 
Dinoprostone 
Catecholamines modulate epidermal growth factor—in- 
duced prostaglandin E» production in amnion-like 
(WISH) cells by means of a cyclic adenosine monophos- 
phate~dependent pathway (Su et al). 1992; 166:236-41 
Effects of platelet-activating factor on prostaglandin Es pro- 
duction by intact fetal membranes (Morris et al). 
1992;166:1228-31 
Influence of terbutaline on ovine uterine response to pros- 
taglandin E; challenge (Reid et al). 1992;166:231-5 
Prostaglandin E, for induction of labor in patients with pre- 
mature rupture of membranes at term (Ray and Garite). 
1992; 166:836-43 
A randomized trial of prostaglandin Es in a controlled-re- 
lease vaginal pessary for cervical ripening at term (Witter 
et al). 1992;166:830-4 
DNA 
Analysis of peripheral blood of pregnant women for the 
presence of fetal Y chromosome-—specific ZFY gene de- 
oxyribonucleic acid sequences (Kao et al). 1992;166: 
1013-9 
Rapid identification of deoxyribonucleic acid sequence dif- 
ferences in cytochrome P-450 21-hydroxylase (CYP21) 
genes with denaturing gradient gel blots (Reindollar 
et al). 1992;166:184-91 
DNA fingerprinting 
Triplet pregnancy involving complete hydatidiform mole 
and two fetuses: genetic analysis by deoxyribonucleic acid 
fingerprint (Azuma et al). 1992;166:664-7 
DNA mutational analysis 
Deoxyribonucleic acid analysis by How cytometry of uterine 
leiomyosarcomas and smooth muscle tumors of uncertain 
malignant potential (Peters et al). 1992;166:1646-54 
Functional analysis of a mutant estrogen receptor isolated 
from T47Dco breast cancer cells (Leslie et al). 
1992;166:1053-61 . 
Donor insemination; see Insemination, artificial 
Dopamine 
The maternal and fetal effects of milrinone and dopamine 
in normotensive pregnant ewes (Santos et al). 
1992;166:257-62 
Doppler ultrasonography; see Ultrasonography 
Doppler velocimeters; see Flowmeters 
Dose-response relationship, drug , 
Factors affecting the dose response to oxytocin for labor 
stimulation (Satin et al). 1992;166:1260-1 
Postmenopausal steroid replacement with micronized de- 
hydroepiandrosterone: preliminary oral bioavailability 
and dose proportionality studies (Buster et al). 
1992;166:1 163-70 
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Down syndrome 
Fetal humeral length to detec. Down syndrome (Rotmensch 
et al). 1992;166:1330-4 
Ultrasonographic dating of pregnancy causes significant er- 
rors in Down syndrome risk assessment that may be min- 
imized by use of biparietal diameter—based means (Rey- 
nolds et al)..1992;166:872-7 
Ultrasonographic screening for trisomy 21 (Bernstein) (Let- 
ter); (Lockwood et.al) (SP 1992;166:1591 
Drainage, suction 
Radical hysterectomy for treatment of cervical cancer: a 
" prospective study, of two methods of closed-suction drain- 
age (Barton et al). 1992;165:533-7 
Drug abuse; sce Substance abuse 
Drug screening 
Routine urine drug screening at the first prenatal visit (Col- 
morgen et al). 1992; 166:583-90 
Drug therapy 
Advanced epithelial ovarian carcinoma: long-term survival 
experience at the community hospital (Unzelman). 
1992; 166:1663-72 , 
Maternal and fetal outcome after breast cancer in pregnancy 
(Zemlickis et al). 1992;166:781-7 
Meta-analysis of.surgery in advanced ovarian carcinoma: Is 
maximum cytoreductive surgery an independent deter- 
minant of prognosis? (Hunter et al). 1992;166:504-11 
Dysmenorrhea 
Dysmenorrhea and use of ora. £ contraceptives in adclescent 
women attending a family planning clinic (Robinson 
et al). 1992;166:578-83 
Dystocia 3 
Brachial plexus palsy: an old problem revisited (Jennett 
et al). 1992;166:1673-7 
Does oxytocin augmentation increase perinatal risk in pri- 
migravid labor? (Cahill et al). 1992; 166:847-50 
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Early menopause; see Menopause, premature 
Early pregnancy; see Pregnancy trimester, first 
Echocardiography 
Fetal echocardiography: accuracy and limitations in a pop- 
ulation at high and low risk for heart defects (Bromley 
- et al). 1992;166:1473-81 
Eclampsia 
Anticonvulsant effects of magnesium sulfate on hippocam- 
pal seizures: therapeutic implications in preeclampsia- 
_ eclampsia (Cotton et al). 1992;166:1127-36 
Eclampsia. VII. Pregnancy. outcome after eclamps-a and 
long-term prognosis (Sibai e- al). 1992;166:1757-63 
Magnesium sulfate is an unfit anticonvulsant in eclampsia 
(Luan) (Letter); (Sibai) (Reply). 1992;166:1588 
.Main clinical types and subtypes of eclampsia (Lépez-Llera). 
1992;166:4-9 
Ectopic pregnancy; see Pregnancy, ectopic 
Editorial 
Summary of analysis of published articles. 1992; 166:773-4 
Education 
Resident attrition in obstetrics and gynecology (Seltzer 
et al). 1992;166:1315-7 
Training obstetric and family practice residents to give 
smoking cessation advice during prenatal care (Secker- 
.. Walker et al). 1992; 166:1356-63 
Efficiency | 
Receiver-operator characteristic, efficiency a and 
predictive value of serum progesterone concentration as 
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a test for abnormal gestations (Cowan œt al). 
1992;166:1729-37 
Eicosanoic acids 

The mechanisms of preterm labor: common genital tract 
pathogens do not metabolize arachidonic acid to prosta- 
glandins or to other eicosanoids (Bennett and Elder). 

-1992;166:1541-5 
Eicosanoids 

The mechanisms of preterm labor: common genital tract 
pathogens do not metabolize arachidonic acid to prosta- 
glandins or to other eicosanoids (Bennett and Elder). 
1992;166:1541-5 . 

Electrocardiography i 

Change in electrocardiogram T-wave amplitude during um- 
bilical cord compression is predictive of fetal condition in 
sheep (Watanabe et al). 1992;166:246-55 

Maternal and fetal cardiovascular responses to strenuous 
bicycle exercise (van Doorn et al). 1992;166:854-9 

Electrocoagulation 

Diathermy loop excision in the mahigement of cervical in- 
traepithelial neoplasia: diagnosis and treatment in one 
procedure (Keijser et al). 1992; 166: 128] -7 

Electrophoresis 

Rapid identification of Aeonpanouuclee acid sequence dif- 
ferences in cytochrome P-450 21-hydroxylase (CYP21) 

' genes with denaturing: gradient gel blots (Reindollar 
et al). 1992:166:184-9] 

Electrosurgery _ 

Comparison of thermal injury zones in loop electrical and 
laser cervical excisional conization (Baggish et al). 
1992; 166:545-8 | 

Embolization, therapeutic 

‘ Angiographic embolization in the management of hemor- 
rhagic complications of pregnancy (Gilbert et al). 
1992;166:495-7 

Embryo 

Evidence of embryo- and trophoblast-toxic cellular immune 
response(s) in women with recurrent spontaneous abor- 
tion (Hill et al). 1992;166:1044-52 . 

Embryo development; sce Fetal development 
Embryo transfer 

Pelvic abscess complicating transcervical embryo transfer 
(Sauer and Paulson). 1992;166:148-9 

Selection bias in in vitro fertilization programs (Hersniag 
et al). 1992;166:1-3 (Clin. opinion) 

Embryoscopy . 

Embryoscopy: a closer look at first-trimester diagnosis and 

treatment (Reece et al). 1992;166:775-80 (Clin. opinion) 
Emergency service, hospital 

Emergency room use of transvaginal ultrasonography by 
obstetrics and gynecology residents (Timor-Tritsch et al). 
1992; 166:866-72 

Endometrial neoplasms; see Uterine neoplasms 
Endometriosis 

Buserelin acetate versus expectant management in the treat- 
ment of infertility associated with minimal or mild en- 
dometriosis: a randomized clinical trial (Fedele et al). 
1992; 166:1345-50 

The effect of preovulatory peritoneal fluid from cases of 
endometriosis on murine in vitro fertilization, embryo 
development, oviduct transport, and implantation (Dodds 
et al). 1992;166:219-24 

Gonadotropin-releasing hormone -agonists: strategies for 
managing the hypoestrogenic effects of therapy (Judd). 
1992; 166:752-6 
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Gonadotropin-releasing hormone analogs: update on new 
findings (Henzl). 1992;166:757-61 
Hormone treatment of endometriosis: the estrogen thresh- 
old hypothesis (Barbieri). 1992;166:740-5 
Hysteroscopic myometrial biopsy: its use in diagnosing ad- 
enomyosis and its clinical application (McCausland). 
1992;166:1619-28 
Infertility and endometriosis: comparison of pregnancy out- 
comes with laparotomy versus laparoscopic techniques 
(Gant). 1992;166:1072-8] 
Nafarelin in the management of endometriosis: quality of 
life assessment (Burry). 1992;166:735-9 
Substance P in peritoneal fluid (Sanfilippo et al). 
1992; 166:155-9 
Endometrium 
Prevalence of out-of-phase endometrial biopsy specimens 
(Peters et al). 1992;166:1738-46 
Steroids receptors in the endometrium during clomiphene 
citrate treatment (Shabib and Pittrof ) (Letter); (Fritz) (Re- 
ply). 1992;166:1866-7 
Ultrastructure of the microvasculature in the human en- 
dometrium throughout the normal menstrual cycle (Rob- 
erts et al). 1992;166:1393-406 
Endothelins 
Attenuation of the vasoconstrictor effects of thromboxane 
and endothelin by nitric oxide in the human fetal- 
placental circulation (Myatt et al). 1992;166:224- 
30 
Endothelin-1 and endothelin-2 levels are increased in the 
amniotic fluid of women with preterm labor and microbial 
invasion of the amniotic cavity (Romero et al). 
1992;166:95-9 
Immunoreactive circulating endothelin-1] in normal and 
hypertensive pregnancies (Schiff et al). 1992;166: 
624-8 
Plasma endothelin levels in preeclampsia: elevation and cor- 
relation with uric acid levels and renal impairment (Clark 
et al). 1992;166:962-8 
Endothelium 
Preeclampsia, von Willebrand factor antigen, and endothe- 
lial cells (Blann) (Letter); (Taylor et al) (Reply). 
1992; 166:769-70 
Prostaglandin- or endothelium-mediated vasodilation is not 
involved in the blunted responses of blood vessels to va- 
soconstrictors in pregnant rats (St-Louis and Sicotte). 
1992; 166:684-92 
Ultrastructure of the microvasculature in the human en- 
dometrium throughout the normal menstrual cycle (Rob- 
erts et al). 1992;166:1393-406 
Endothelium-derived relaxing factor 
Effect of endothelium-derived relaxing factor inhibition on 
the umbilical-placental circulation in fetal lambs in utero 
(Chang et al). 1992;166:727-34 
Endothelium-derived relaxing factor and indomethacin- 
sensitive contracting factor alter arterial contractile re- 
sponses to thromboxane during pregnancy (Weiner et al). 
1992;166:1171-81 
Enkephalins 
Elevated plasma Met-enkephalin levels in the human new- 
born are a poor indicator of perinatal stress (Martinez 
et al). 1992;166:1429-35 
Enzymes 
Human ovarian 17-ketosteroid oxidoreductase: unique 
characteristics of the granulosa-luteal cell and stromal en- 
zyme (Barbieri). 1992;166:1117-26 


Subject index 1923 


Eosinophils 
Eosinophilic cystitis during pregnancy (Chamberlin). 
1992; 166:28-9 
Epidermal growth factor-urogastrone 
Catecholamines modulate epidermal growth factor—in- 
duced prostaglandin E, production in amnion-like 
(WISH) cells by means of a cyclic adenosine monophos- 
phate—dependent pathway (Su et al). 1992;166:236-41 
Partial hydatidiform moles have impaired differentiated 
function (human chorionic gonadotropin and human pla- 
cental lactogen secretion) in response to epidermal growth 
factor and 8-bromo-cyclic adenosine monophosphate 
(Morrish et al). 1992;166:160-6 
Transforming growth factor-a and epidermal growth factor 
messenger ribonucleic acid and protein levels in human 
placentas from early, mid, and late gestation (Bissonnette 
et al). 1992;166:192-9 
Epithelium 
Regulation of growth of normal ovarian epithelial cells and 
ovarian cancer cell lines by transforming growth factor- 
B (Berchuck et al). 1992;166:676-84 
Epoprostenol 
Norgestimate: a clinical overview of a new progestin (Brin- 
ger). 1992; 166:1969-77 
Urinary excretion of prostacyclin and thromboxane metab- 
olites in threatened preterm labor: effect of indomethacin 
and nylidrin (Kurki et al). 1992;166:150-4 
Erythroblastosis, fetal 
Chorionic villus sampling for fetal Rh typing: clinical im- 
plications (Kickler et al). 1992;166:1407-11 
Derivation of new mathematic formulas for determining 
whether a D-positive father is heterozygous or homozy- 
gous for the D antigen (Kanter). 1992;166:61-3 
Hemolytic disease of the fetus (Spinnato) (Letter); (Weiner) 
(Reply). 1992; 166:1589-90 
Human fetal bilirubin levels and fetal hemolytic disease 
(Weiner). 1992;166:1449-54 
Severe anti-C hemolytic disease of the newborn (Bowman 
et al). 1992;166:1239-43 
Erythromycin 
Erythromycin, motilin, and meconium (Danielian) (Letter); 
(Nugent) (Reply). 1992; 166:767-8 
Erythromycin therapy in preterm premature rupture of the 
membranes: a prespective, randomized trial of 220 pa- 
tients (Mercer et al). 1992;166:794-802 
Ureaplasma urealyticum resistance to erythromycin: con- 
firmed by clinical trial (Kundsin et al) (Letter); (Eschen- 
bach et al) (Reply). 1992; 166:1864-5 
Estradiol 
Both 17Q-estradiol and tamoxifen induce c-fos messenger 
ribonucleic acid expression in human endometrial carci- 
noma grown in nude mice (Sakakibara et al). 
1992; 166:206-12 
Hormone treatment of endometriosis: the estrogen thresh- 
old hypothesis (Barbieri). 1992;166:740-5 
In the rhesus monkey placental retention after fetectomy 
at 121 to 130 days’ gestation outlasts the normal duration 
of pregnancy (Nathanielsz et al). 1992;166:1529-35 
Low-dosage micronized 17f-estradiol prevents bone loss in 
postmenopausal women (Ettinger et al). 1992; 166:479-88 
Use of two types of estradiol-releasing skin patches for 
menopausal patients in a tropical climate (McCarthy 
et al). 1992;166:2005-10 
Estriol 
Maternal serum a-fetoprotein, B-human chorionic gonad- 
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Estriol—cont’d 
otropin, and unconjugated estriol levels in midtrimester 
trisomy 18 pregnancies (Greenberg et al). 1992;166:1388- 
92 


Ultrasonographic dating of pregnancy causes significant er- 
rors in Down syndrome risk assessment that may be min- 
imized by use of biparietal diameter—based means (Rey- 
nolds et al). 1992;166:872-7 

Estrogen receptors: see Receptors, estrogen 
Estrogen replacement therapy 

The benefits and risks of hormone replacement therapy: an 
epidemiologic overview (Herlap). 1992;166:1986-92 

Comparison of transdermal ard oral estrogen/ progestin re- 
placement therapy: effects on serum lipids and lipopro- 
teins (Crook et al). 1992;165:950-5 

The effect of sex steroids on the skeleton in premenopausal 
women (Lindsay). 1992;166:1993-6 

Introduction to steroids in the menopause (Samsioe). 
1992;166:1980-5 

Postmenopausal steroid replacement with micronized de- 
hydroepiandrosterone: preliminary oral bioavailability 
and dose proportionality studies (Buster et al). 
1992; 166:1163-70 

Prolonged effects of a novel, low-dosage continuous pro- 
gestin—cyclic estrogen replacement program in post- 
menopausal women (Plunke:t and Wolfe). 1992;166:117- 
23. 3 

The role of progestins in hormone replacement therapy 
(Lobo). 1992; 166:1997-2004 

Steroids from menarche to menopause: introduction (Mish- 
ell). 1992;166:1949 

Use of two types of estradio.-releasing skin patches for 
menopausal patients in a tropical climate (McCarthy 
et al). 1992;166:2005-10 

Estrogens 

Hormone treatment of endometriosis: the estrogen thresh- 
old hypothesis (Barbieri). 1992;166:740-5 

Lp(a) lipoprotein: relationship to cardiovascular disease risk 
factors, exercise, and estrogen (Lobo et al). 1992; 
166:1182-90 

A reevaluation of estrogen status in postmenopausal women 
who smoke (Cassidenti et al). 1992;166:1444-8 

Ethics 

Abortion or motherhood, suicide and madness (Ryan). 
1992; 166:1029-36 

Animals and ethics: how socie:y’s attitudes have changed 
(Fritzsche) (Letter); (Maharry) (Reply). 1992;166:1312-3 

Contraceptive prevalence, reproductive health, and inter- 
national morality (Diczfalusy). 1992;166:1037-43 

Sex selection and early pregnancy fetal sex determination: 
ethics and personal freedom of choice (Stephens) (Letter); 
(Evans and Fletcher) (Reply). 1992; 166:1024-5 

Ethinyl estradiol : 

The efficacy and tolerability of norgestimate/ethinyl estra- 
diol (250 ug of norgestimate/35 wg of ethinyl estradiol): 
results of an open, multicenter study of 59,701 women 
(Runnebaum et al). 1992;166 1963-8 

Ethnic factors 

Comparison of adenocarcinoma and squamous cell carci- 
noma of the uterine cervix: a population-based epide- 
miologic study (Anton-Culver et al). 1992;166:1507-14 

Exercise 

Arterial pressure response to maximal isometric exercise in 
pregnant women (Lotgering et al). 1992;166:538-42 

Lp(a) lipoprotein: relationship tc cardiovascular disease risk 
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factors, exercise, and estrogen (Lobo et al). 1992; 
166:1182-90 
Exercise test 
Maternal and fetal cardiovascular responses to strenuous 
bicycle exercise (van Doorn et al). 1992;166:854-9 


F 


Family planning 
Rates and outcomes of planned pregnancy after use of Nor- 
plant capsules, Norplant II rods, or levonorgestrel-re- 
leasing or copper TCu 380Ag intrauterine contraceptive 
devices (Sivin et al). 1992;166:1208-13 
Fasciitis 
Necrotizing fasciitis of the vulva (Stephenson et al). 
1992;166:1324-7 
Fatty acids, polyunsaturated 
Polyunsaturated fatty acids in preeclampsia (Sanjurjo et al) 
(Letter); (Wang et al) (Reply). 1992;166:1923-4 
Fertilization 
Periconceptional exposure to topical 5-fluorouracil (Otaño 
et al) (Letter); (Plouffe et al) (Reply). 1992;166:263-4 
Fertilization in vitro 
The effect of preovulatory peritoneal fluid from cases of 
endometriosis on murine in vitro fertilization, embryo 
development, oviduct transport, and implantation (Dodds 
et al). 1992;156:219-24 
Selection bias in in vitro fertilization programs (Hershlag 
et al), 1992;166:1-3 (Clin. opinion) 
Fetal biophysical characteristics; see Biophysics 
Fetal blood 
Acute posttraumatic fetal anemia treated with fetal intra- 
vascular transfusion (Del Valle et al). 1992;166:127-9 
Attenuation of the vasoconstrictor effects of thromboxane 
and endothekn by nitric oxide in the human fetal-pla- 
cental circulation (Myatt et al). 1992;166:224-30 
Changes in human fetal cerebral hemoglobin concentration 
and oxygenation during labor measured by near-infrared 
spectroscopy (Peebles et al). 1992;166:1369-73 
Chorionic villus sampling for fetal Rh typing: clinical im- 
plications (Kickler et al). 1992;166:1407-11 
Does amniotic fluid analysis reflect acid-base balance in fetal 
blood? (Economides et al). 1992:166:970-3 
Doppler ultrasonographic features of the developing pla- 
cental circulation: correlation with anatomic findings 
(Jauniaux et al). 1992;166:585-7 
Effect of endothelium-derived relaxing factor inhibition on 
the umbilical-placental circulation in fetal lambs in utero 
(Chang et al). 1992;166:727-34 
Effects of chronic maternal anemia on systemic and utero- 
placental oxygenation in near-term pregnant sheep (Del- 
papa et al). 1992;166:1007-12 
Elevated plasma Met-enkephalin levels in the human new- 
born are a poor indicator of perinatal stress (Martinez 
et al). 1992;166:1429-35 
Enhanced sensitization after cordocentesis (Weiner) (Let- 
ter); (MacGregor et al) (Reply). 1992;166:1309-10 
Fetal biophysical and umbilical cord gases (Modanlou) (Let- 
ter); (Vintzileos et al) (Reply). 1992;166:1589 
Fetal polycythemia and thrombocytopenia in pregnancies 
complicated by maternal diabetes mellitus (Salvesen et al). 
1992; 166:1287-92 
Hemolytic disease of the fetus (Spinnato) (Letter); (Weiner) 
(Reply). 1992; 166:1589-90 
Human fetal bilirubin levels and fetal hemolytic disease 
(Weiner). 1992:166:1449-54 
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Intracerebral, aortic, and umbilical artery flow velocity 
waveforms in the late-first-trimester fetus (Wladimiroff 
et al). 1992;166:46-9 

Long-term acid-base measurements in the fetal and mater- 
nal baboon (Daniel et al). 1992;166:707-12 

Normal fetal Doppler inferior vena cava, transtricuspid, 
and umbilical artery flow velocity waveforms between 11 
and 16 weeks’ gestation (Wladimiroff et al). 1992;166: 
921-4 

Percutaneous umbilical blood sampling: results from a mul- 
ticenter collaborative registry (Hickok et al). 1992; 
166:1614-8 

Role of prostaglandins in the metabolic responses of 
the fetus to hypoxia (Hooper et al). 1992;166:1568- 
75 

Uterine and umbilical flow velocity waveforms in normo- 
tensive and hypertensive subjects during the angiotensin 
II sensitivity test (Erkkola and Pirhonen). 1992;166: 
910-6 

Fetal death 

Repeated fetal losses associated with antiphospholipid an- 
tibodies: a collaborative randomized trial comparing 
prednisone with low-dose heparin treatment (Cowchock 
et al). 1992;166:1318-23 

Fetal development 

Composite assessment of gestational age: a comparison of 
institutionally derived and published regression equations 
(Hill et al). 1992;166:551-5 

Comprehensive fetal assessment with three ultrasono- 
graphic characteristics (James et al), 1992;166:1486- 
95 

The effect of preovulatory peritoneal fluid from cases of 
endometriosis on murine in vitro fertilization, embryo 
development, oviduct transport, and implantation (Dodds 
et al). 1992; 166:219-24 

Effects of antenatal thyrotropin-releasing hormone, anten- 
atal corticosteroids, and postnatal ventilation on surfac- 
tant mobilization in premature rabbits (Seidner et al). 
1992;166:1551-9 

Etficacy of the fetal-peivic index in nulliparous women at 
high risk for fetal-pelvic disproportion (Morgan and 
Thurnau). 1992;166:810-4 

Inhibition of preimplantation mouse embryo development 
by isoflurane (Warren et al). 1992;166:693-8 

Fetal diseases 

The effect of fetal sepsis on umbilical cord gases (Meyer 
et al). 1992;166:612-7 

Fetal polycythemia and thrombocytopenia in pregnancies 
complicated by maternal diabetes mellitus (Salvesen et al). 
1992;166:1287-92 

Prenatal diagnosis of autosomal recessive polycystic kidney 
disease: variable outcome within one family (Barth et al). 
1992; 166:560-7 

Prenatal diagnosis of fetal cytomegalovirus infection (Lamy 
et al). 1992;166:91-4 

Prenatal ultrasonographic diagnosis of fetal scrotal inguinal 
hernia (Meizner et al). 1992;166:907-9 

Prognosis in fetal diaphragmatic hernia (Sharland et al). 
1992; 166:9-13 

Transient severe unilateral and subsequent bilateral pri- 
mary fetal hydrothorax with spontaneous resolution at 34 
weeks’ gestation associated with normal neonatal outcome 
(Sherer et al). 1992;166:169-70 

What is the prognosis for congenital cytomegalovirus in- 
fection? (Binder). 1992;166:1591 (Letter) 
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Fetal distress 
Intrapartum amniotic fluid index and its relationship to 
fetal distress (Robson et al). 1992;166:78-82 
The short umbilical cord (Collins). 1992;166:268-9 (Letter) 
Fetal growth 
The use of neural network for the ultrasonographic esti- 
mation of fetal weight in the macrosomic fetus (Farmer 
et al). 1992;166:1467-72 
Fetal growth retardation 
Inferior vena cava flow velocity waveforms in appropriate- 
and small-for-gestational-age fetuses (Rizzo et al). 
1992; 166:1271-80 
Low-dose infusion of atria] natriuretic peptide in the con- 
scious guinea pig increases blood flow to the placenta of 
growth-retarded fetuses (Jansson). 1992;166:213-8 
Middle cerebral artery flow velocity waveforms in normal 
and small-for-gestational-age fetuses (Mari and Deter). 
1992; 166: 1262-70 
Numeric analysis of heart rate variation in intrauterine 
growth-retarded fetuses: a longitudinal study (Snijders 
et al). 1992;166:22-7 
Risk factors for small-for-gestational-age birth in a preterm 
population (Lang et al). 1992;166:1374-8 
Venous drainage of the human uterus: respiratory gas stud- 
ies in normal and fetal growth-retarded pregnancies 
(Pardi et al). 1992;166:699-706 
Fetal heart; see also Heart rate, fetal 
The accuracy of auscultatory detection of fetal cardiac de- 
celerations: a computer simulation (Schifrin et al). 
1992; 166:566-76 
Fetal echocardiography: accuracy and limitations in a pop- 
ulation at high and low risk for heart defects (Bromley 
et al). 1992;166:1473-81 
Prognosis in fetal diaphragmatic hernia (Sharland et al). 
1992; 166:9-13 
Fetal intravascular transfusion; see Blood transfusion, intra- 
uterine 
Fetal macrosomia 
The use of neural network for the ultrasonographic esti- 
mation of fetal weight in the macrosomic fetus (Farmer 
et al). 1992; 166:1467-72 
Fetal membranes 
Effects of platelet-activating factor on prostaglandin E; pro- 
duction by intact fetal membranes (Morris et al). 
1992;166:1228-31 
Influence of labor and oxytocin on in vitro leukotriene re- 
lease by human fetal membranes and uterine decidua at 
term gestation (Pasetto et al). 1992;166:1500-6 
Fetal membranes, premature rupture 
Comment on fetal breathing movements after premature 
rupture of membranes (Kivikoski and Amon) (Letter); 
(Roberts) (Reply). 1992; 166:770 
Direct inhibition of proteases and cervical plasminogen ac- 
tivator by antibiotics (Milwidsky et al). 1992;166:606-12 
Eradication of Ureaplasma urealyticum from the amniotic 
- uid with transplacental antibiotic treatment (Romero 
et al). 1992;166:618-20 
Erythromycin therapy in preterm premature rupture of the 
membranes: a prospective, randomized trial of 220 pa- 
tients (Mercer et al). 1992;166:794-802 
Infection and labor. VII. Microbial invasion of the amniotic 
cavity in spontaneous rupture of membranes at term 
(Romero et al). 1992;166:129-33 
Preterm premature rupture of membranes: results of ex- 
pectant management in patients with cervical cultures 
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Fetal membranes, premature rapture—cont’d 
positive for group B streptococcus or Neisseria gonorrhoeae 
(Maxwell and Watson). 1992;166:945-9 
Prostaglandin E; for induction of labor in patients with pre- 
mature rupture of membranes at term (Ray and Garite). 
1992; 166:836-43 
Serial thoracic versus abdominal circumference ratios for 
the prediction of pulmonary hypoplasia in premature 
rupture of the membranes remote from term (D'Alton 
et al). 1992; 166:658-63 
Fetal monitoring 
Actocardiotocographic monitoring of triplets during vagi- 
nal delivery (van Eyck and Arabin). 1992;166:1293-4 
Change in electrocardiogram T-wave amplitude during um- 
bilical cord compression is predictive of fetal concition in 
sheep (Watanabe et al). 19$2;166:246-55 
Comprehensive fetal assessment with three ultrasono- 
graphic characteristics (James et al). 1992;166:1486- 
95 
A controlled trial of self—nonstress test versus assisted non- 
stress test in the evaluation of fetal well-being (Reece 
et al). 1992; 166:489-92 
Details of electronic fetal mcnitoring randomized control 
trials (Schifrin) (Letter); (Ellison) (Reply). 1992;166: 
1308-9 
First report: telemetry-assisted ambulatory nonstress test 
(Collins). 1992;166:1020-1 ‘Letter) 
Population differences of fetal biophysical and behavioral 
characteristics (Johnson et al). 1992;166:138-42 
Fetal organ maturity 
Comment cn fetal breathing movements after premature 
rupture of membranes (Kivikoski and Amon) (Letter); 
(Roberts) (Reply). 1992;16€:770 
The effects of glycemia on breathing movements and 
plasma prostaglandin E concentrations in the sheep fetus 
(Fowden et al). 1992;166:713-9 
Mimicking low amniotic pressure by chronic pharyngeal 
drainage does not impair lung development in fetal sheep 
(Fisk et al). 1992;166:991-€ 
Prediction of respiratory distress syndrome by a new col- 
orimetric assay (Almog et al). 1992;166:1827-34 
Fetal-pelvic disproportion 
Efficacy of the fetal-pelvic index in nulliparous women at 
high risk for fetal-pelvic disproportion (Morgan and 
Thurnau). 1992;166:810-4 
Fetal urine; see Urine 
Fetectomy 
In the rhesus monkey placertal retention after fetectomy 
at 121 to 130 days’ gestatior. outlasts the normal duration 
of pregnancy (Nathanielsz et al). 1992;166:1529-35 
Fetofetal transfusion 
Therapeutic amniocentesis in twin-twin transfusion syn- 
drome appearing in the second trimester of pregnancy 
(Saunders et al). 1992;166:320-4 
Fetoscopy 
Does amniotic fluid analysis reflect acid-base balance in fetal 
blood? (Economides et al). 1992;166:970-3 
Fetus, drug effects 
The maternal and fetal effects of milrinone and dopamine 
in normotensive pregnant ewes (Santos et al). 
1992; 166:257-62 
Fibronectins 
The function of elevated plasma fibronectin in preeclampsia 
(Brubaker et al). 1992;166:526-31 
First trimester of pregnancy; see Pregnancy trimester, first 
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Fistula 
Omental graft made simple (Petty). 1992;166:1591 (Letter) 
Flecainide 
Treatment of fetal supraventricular tachycardia with fle- 
cainide acetate after digoxin failure (Mills) (Letter); (Ko- 
finas) (Reply). 1992;166:1863 
Flora; see Bacteria 
Flow cytometry 
Deoxyribonucleic acid analysis by How cytometry of uterine 
leiomyosarcomas and smooth muscle tumors of uncer- 
tain malignant potential (Peters et al). 1992;166:1646- 
54 
Flow velocity; see Blood flow velocity 
Flowmeters 
Applicability of the Poiseuille equation to umbilical artery 
velocimetry (Degani) (Letter); (Wright and Ridgway) (Re- 
ply). 1992;166:766-7 
Comparison of dynamic image and pulsed Doppler ultra- 
sonography for the diagnosis of the small-for-gestational- 
age fetus (Miller and Gabert). 1992; 166:1820-6 
Fluoresceins 
Infarction of the uterus from subacute incomplete inversion 
(Romo et al). 1992;166:878-9 
Fluorouracil 
Periconceptional exposure to topical 5-fluorouracil (Otaño 
et al) (Letter); (Plouffe et al) (Reply). 1992;166:263-4 
Superficial laser vulvectomy. V. Surgical debulking is en- 
hanced by adjuvant systemic interferon (Reid et al). 
1992; 166:815-20 
Folic acid 
Oral folic acid supplementation for cervical dysplasia: a clin- 
ical intervention trial (Butterworth et al). 1992;166: 
803-9 
Frozen sections 
Accuracy of frozen-section diagnosis at surgery in clinical 
state I and II endometrial carcinoma (Shim et al). 
1992;166:1335-8 
Frozen semen; see Semen preservation 


G 


Genes 
Rapid identification of deoxyribonucleic acid sequence dif- 
ferences in cytochrome P-450 2\-hydroxylase (CYP21) 
genes with denaturing gradient gel blots (Reindollar 
et al). 1992;166:184-91 
Genetic screening 
Triplet pregnancy involving complete hydatidiform mole 
and two fetuses: genetic analysis by deoxyribonucleic acid 
fingerprint (Azuma et al). 1992; 166:664-7 
Genetics 
Familial occurrence of thrombotic thrombocytopenic pur- 
pura in two sisters during pregnancy (Wiznitzer et al). 
1992:166:20-1 
Genital diseases, female 
The mechanisms of preterm labor: common genital tract 
pathogens do not metabolize arachidonic acid to prosta- 
glandins or to other eicosanoids (Bennett and Elder). 
1992;166:1541-5 
Genitalia, female 
Acute genital injury in the prepubertal girl (Pokorny et al). 
1992;166:1461-6 
Colposcopy to establish physical findings in rape victims 
(Slaughter and Brown). 1992;166:83-6 
Gestational age 
Composite assessment of gestational age: a comparison of 
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institutionally derived and published regression equations 
(Hill et al). 1992;166:551-5 

Crown-rump length dating of pregnancy at less than 9 
weeks’ gestation (Cadkin). 1992;166:269 (Letter) 

The frequency of breech presentation by gestational age at 
birth: a large population-based study (Hickok et al). 
1992;166:85 1-2 

Neonatal morbidity according to gestational age and birth 
weight from five tertiary care centers in the United States, 
1983 through 1986 (Robertson et al). 1992;166:1629- 
45 

The tip of the iceberg and the best fit in ultrasonographic 
dating of pregnancy (Rossavik) (Letter); (Goldstein) (Re- 
ply). 1992;166:1867-8 

Ultrasonographic dating of pregnancy causes significant er- 
rors in Down syndrome risk assessment that may be min- 
imized by use of biparietal diameter—based means a 
nolds et al). 1992; 166:872-7 

Validity of postnatal assessments of gestational age: a com- 
parison of the method of Ballard et al. and early ultra- 
sonography (Alexander et al). 1992;166:891-5 

Gestational diabetes; see Pregnancy in diabetes 
Gloves, surgical 

Latex anaphylaxis in an obstetrics and gynecology physician 

(Chen et al). 1992;166:968-9 
Glucose 

Amniotic fluid glucose and intraamniotic infection: sensi- 
tivity, specificity, and predictive values (Gonen) (Letter); 
(Kirshon) (Reply). 1992;166:1863-4 

Maternal glucose intolerance and the subcutaneous terbu- 
taline pump (Lindenbaum et al). 1992;166:925-8 

Treatment of unruptured tubal pregnancy by laparoscopic 
instillation of hyperosmolar glucose solution (Lang et al). 
1992; 166:1378-81 

Glucose tolerance test 

The effect of continuous subdermal levonorgestrel (Nor- 
plant) on carbohydrate metabolism (Konje et al). 
1992; 166:15-9 

Glyceryl trinitrate 

Intravenous nitroglycerin for uterine relaxation of an in- 

verted uterus (Altabef et al). 1992;166:1237-8 
Glycoproteins 

Immunohistochemical detection of the multi-drug-resis- 
tance marker P-glycoprotein in uterine cervical carcino- 
mas and normal cervical tissue (Schneider et al). 
1992; 166:825-9 

Gonadorelin l 

Bioavailability of nafarelin in healthy volunteers apan; 
1992;166:762-5 

Gonadotropin- releasing hormone agonists: strategies a 
managing the hypoestrogenic effects of therapy (Judd). 
1992; 166:752-6 

Gonadotropin-releasing hormone analogs: update on new 
findings (Henzl). 1992;166:757-61 

Hormone treatment of endometriosis: the estrogen thresh- 
old hypothesis (Barbieri). 1992; 166:740-5 

Lipid and apolipoprotein abnormalities in hirsute women. 
J. The association with insulin resistance (Wild et al). 
1992;166:1191-7 

A model-based prediction for transvaginal ultrasonographic 
identification of early intrauterine pregnancy (Shapiro 

~ et al). 1992;166:1495-500 

Nafarelin in the management of endometriosis: quality of 
life assessment (Burry). 1992;166:735-9 

Treatment of uterine fibroids: current findings with go- 
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nadotropin-releasing hormone agonists (Adamson). 
1992; 166:746-51 
Gonadotropin-releasing hormone; see Gonadorelin 
Gonadotropins 
Effect of controlled ovarian hyperstimulation on pregnancy 
rates after intrauterine insemination (DiMarzo et al). 
1992; 166:1607-13 
Gonadotropin and ovarian hormone dynamics in luteal 
phase defects (Alexander et al). 1992;166:652-7 
Triplet pregnancy involving complete hydatidiform mole 
and two fetuses: genetic analysis by deoxyribonucleic acid 
fingerprint (Azuma et al). 1992;166:664-7 
Ultrasonographic dating of pregnancy causes significant er- 
rors in Down syndrome risk assessment that may be min- 
imized by use of biparietal diameter—based means (Rey- 
nolds et al). 1992;166:872-7 
Gonadotropins, chorionic 
Maternal serum a-fetoprotein, B-human chorionic gonad- 
otropin, and unconjugated estriol levels in midtrimester 
trisomy 18 pregnancies (Greenberg et al). 1992;166:1388- 
92 


Partial hydatidiform moles have impaired differentiated 
function (human chorionic gonadotropin and human pla- 
cental lactogen secretion) in response to epidermal growth 
factor and 8-bromo-cyclic adenosine monophosphate 
(Morrish et al). 1992;166:160-6 

Government 
Folly, woodenheadedness, and the alluvial mind: presiden- 
tial address (Bolton). 1992;166:1595-6 
Graft survival 
Omental graft made simple (Petty). 1992;166:1591 (Letter) 
Gram stain; see Stains and staining 
Granulosa cells 

Human ovarian 1!7-ketosteroid oxidoreductase: unique 
characteristics of the granulosa-luteal cell and stromal en- 
zyme (Barbieri). 1992;166:1117-26 

Graphic monitoring; see Fetal monitoring 
Great Britain 

First successful cesarean section in the British empire 

(Miller). 1992;166:269 (Letter) 
Grief 

Depressive symptoms in women in the 6 months after mis- 

carriage (Neugebauer et al). 1992; 166:104-9 
Group B streptococcus; see Streptococcus agalactiae 
Growth retarded fetus; see Fetal growth retardation 


H 


Heart defects, congenital 
Fetal echocardiography: accuracy and limitations in a pop- 
ulation at high and low risk for heart defects (Bromley 
et al). 1992;166:1473-81 - 
Heart diseases l 
Lp(a) lipoprotein: relationship to cardiovascular disease risk 
factors, exercise, and estrogen {Lobo et al). 1992; 
166:1182-90 
Heart rate, fetal 
The accuracy of auscultatory Jeco of fetal cardiac de- 
celerations: a computer simulation (Schifrin et al). 
1992; 166:566-76 
Change in electrocardiogram T-wave amplitude during um- 
bilical cord compression is predictive of fetal condition in 
sheep (Watanabe et al). 1992;166:246-55 
Changes in human fetal cerebral hemoglobin concentration 
and oxygenation during labor measured by near-infrared 
spectroscopy (Peebles et al). 1992;166:1369-73 
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Heart rate, fetal-—cont’d 
A controlled trial of self—nonstress test versus assisted non- 
stress test in the evaluation of fetal well-being (Reece 
. et al). 1992;166:489-92 
Details of electronic fetal monitoring randomized control 
trials (Schifrin) (Letter); “Ellison) (Reply). 1992;166: 
, 1308-9 
First report: telemetry-assisted ambulatory nonstress test 
(Collins). 1992; 166:1020-1 (Letter) 
Maternal and fetal cardiovascular responses to strenuous 
bicycle exercise (van Doorn et al). 1992;166:854-9 
Numeric analysis of heart rate variation in intrauterine 
growth-retarded fetuses: a longitudinal study (Snyders 
et al). 1992;166:22-7 
The physiologic mechanisms cf variable decelerations (Ball 
and Parer). 1992;166:1683-9 
Population differences of fetal biophysical and behavioral 
characteristics (Johnson et al). 1992;166:138-42 
Treatment of fetal supraventricular tachycardia with fle- 
cainide acetate after digoxin failure (Mills) (Letter); (Ko- 
finas) (Reply). 1992;166:1863 
HELLP syndrome 
Intravenous immunoglobulins in postpartum, persistently 
severe HELLP syndrome: A safe alternative to plasma 
exchange? (Pourrat et al) (Letter); (Files and Martin) (Re- 
ply). 1992; 166:766 
Hemangioma 
Infarction of placental chorioangioma and _ associated 
regression of hydrops fetalis (Hsieh and Soong) (Letter); 
(Chazotte et al) (Reply). 1992; 166:1306 
Hematoma | 
Postpartum paravaginal hematoma and lower-extremity in- 
fection (Chatwani et al). 1992; 166:598-600 
Hemoglobins 
Changes in human fetal cerebral hemoglobin concentration 
and oxygenation during labor measured by near-infrared 
spectroscopy (Peebles et al). 1992; 166:1369-73 
Hemolytic anemia; see Anemia, hemolytic 
Hemolytic disease of newborn; sze Erythroblastosis, fetal 
Hemorrhage 
Angiographic embolization in the. management of hemor- 
rhagic complications of pregnancy (Gilbert et al). 
1992;166:493-7 
The effect of cesarean section on intraventricular hemor- 
rhage im the preterm infant (Anderson et al). 
1992; 166:1091-101 
Lack of reactivity of uterine arteries from patients with ob- 
stetric hemorrhage (Nelson and Suresh). 1992; 166:1436- 
43 
Neonatal morbidity according to gestational age and birth 
weight from five tertiary care centers in the United States, 
1983 through 1986 (Robertson et al). 1992;166:1629- 
45 
Hemostasis 
Effects of mefenamic acid on menstrual hemostasis in es- 
sential menorrhagia (van Eijkeren et al). 1992;166:1419- 
28 
Heparin 
Repeated fetal losses associated with antiphospholipid an- 
tibodies: a collaborative randomized trial comparing 
prednisone with low-dose heparin treatment (Cowchock 
et al). 1992; 166:1318-23 
Hernia, diaphragmatic 
Prognosis in fetal diaphragmatic hernia (Sharland et al). 
1992;166:9-13 
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Hernia, inguinal 
Prenatal ultrasonographic diagnosis of fetal scrotal inguinal 
hernia (Meizner et al). 1992;166:907-9 
Heterozygote 
Derivation of new mathematic formulas for determining 
whether a D-positive father is heterozygous or homozy- 
gous for the D antigen (Kanter). 1992;166:61-3 
Hippocampus 
Anticonvulsant effects of magnesium sulfate on hippocam- 
pal seizures: therapeutic implications in preeclampsia- 
eclampsia (Cotton et al). 1992;166:1127-36 
Hirsutism 
Lipid and apolipoprotein abnormalities in hirsute women. 
I. The association with insulin resistance (Wild et al). 
1992;166:1191-7 
Histocompatibility antigens 
Impact of histocompatibility antigens on pregnancy out- 
come (Eroglu et al). 1992;166:1364-9 
Historical article 
First successful cesarean section in the British empire 
(Miller). 1992;166:269 (Letter) 
HIV 
Human vaginal leukocytes and the effects of vaginal fluid 
on lymphocyte and macrophage defense functions (Hill 
and Anderson). 1992;166:720-6 
Papanicolaou smear abnormalities in ambulatory care sites 
for women infected with the human immunodeficiency 
virus (Marte et al). 1992;166:1232-7 
Homeostasis 
Renal autoregulation in midterm and late-pregnant rats 
(Reckelhoff et al). 1992;166:1546-50 
Homozygote 
Derivation of new mathematic formulas for determining 
whether a D-positive father is heterozygous or homozy- 
gous for the D antigen (Kanter). 1992;166:61-3 
Hormone replacement therapy; see Estrogen replacement 
therapy 
Hormones 
Hormone treatment of endometriosis: the estrogen thresh- 
old hypothesis (Barbieri). 1992;166:740-5 
Hospitalization 
Hospitalization for pregnancy complications, United States, 
1986 and 1987 (Franks et al). 1992;166:1339-44 
Pelvic inflammatory disease: trends in hospitalizations and 
office visits, 1979 through 1988 (Rolfs et al). 1992; 
166:983-90 
Tubal sterilization and risk of subsequent hospital admission 
for menstrual disorders (Shy et al). 1992;166:1698-706 
Human chorionic gonadotropin; see Gonadotropins, chori- 
onic 
Human immunodeficiency virus; see HIV 
Human papillomaviruses; see Papitlomaviruses 
Human rights 
The issue of animal rights and human rights (Heller). 
1992; 166:1588-9 (Letter) 
Humerus . 
Fetal humeral length to detect Down syndrome (Rotmensch 
et al). 1992; 166:1330-4 
Hyaluronic acid 
Circulating hyaluronic acid in nonpregnant, pregnant, and 
postpartum guinea pigs: elevated levels observed at par- 
turition (Rajabi et al). 1992;166:242-6 
Hydatidiform mole 
Partial hydatidiform moles have impaired differentiated 
function (human chorionic gonadotropin and human pla- 
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cental lactogen secretion) in response to epidermal growth 
factor and 8-bromo-cyclic adenosine monophosphate 
(Morrish et al). 1992;166:160-6 
Triplet pregnancy involving complete hydatidiform mole 
and two fetuses: genetic analysis by deoxyribonucleic acid 
fingerprint (Azuma et al). 1992;166:664-7 
Hydrocortisone 
Oxytocin given in a pulsatile manner to the ewe at 120 to 
140 days’ gestational age increases fetal sheep plasma cor- 
tisol (Sadowsky et al). 1992;166:200-5 
Hydrops fetalis 
Hydrops fetalis associated with congenital myotonic dystro- 
phy (Afifi et al). 1992;166:929-30 
Infarction of placental chorioangioma and associated 
regression of hydrops fetalis (Hsieh and Soong) (Letter); 
(Chazotte et al) (Reply). 1992;166:1306 
Hydrothorax 
Transient severe unilateral and subsequent bilateral] pri- 
mary fetal hydrothorax with spontaneous resolution at 34 
weeks’ gestation associated with normal neonatal outcome 
(Sherer et al). 1992;166:169-70 
Hydroxybutyrates 
Effects of B-hydroxybutyrate infusion on hind limb 
metabolism in fetal sheep (Harding et al). 1992;166: 
671-6 
Hydroxylases 
Rapid identification of deoxyribonucleic acid sequence dif- 
ferences in cytochrome P-450 21-hydroxylase (CYP21) 
genes with denaturing gradient gel blots (Reindollar 
et al). 1992:166:184-91 
Hydroxyurea 
Hydroxyurea and pregnancy (Tertian et al). 1992;166:1868 
` (Letter) 
Hyperosmolar glucose solution; see Glucose 
Hypersensitivity 
Latex anaphylaxis in an obstetrics and gynecology physician 
(Chen et al). 1992;166:968-9 
Hypertension 
Eclampsia. VII. Pregnancy outcome after eclampsia and 
long-term prognosis (Sibai et al). 1992;166:1757-63 
Immunoreactive circulating endothelin-1 in normal and hy- 
pertensive pregnancies (Schiff et al). 1992;166:624-8 
Interrelationship and clinical significance of increased re- 
sistance in the uterine arteries in patients with hyperten- 
sion or preeclampsia or both (Kofinas et al). 1992; 
166:601-6 
Platelet activation and vascular damage in gestational hy- 
pertension (Ballegeer et al). 1992;166:629-33 
Polyunsaturated fatty acids in preeclampsia (Sanjurjo et al) 
(Letter); (Wang et al) (Reply). 1992;166:1023-4 
Progression of diabetic retinopathy in pregnancy: associa- 
tion with hypertension in pregnancy (Rosenn et al). 
1992;166:1214-8 
Uterine and umbilical fow velocity waveforms in normo- 
tensive and hypertensive subjects during the angiotensin 
Il sensitivity test (Erkkola and Pirhonen). 1992;166: 
910-6 
Hypoglycemia 
The effects of glycemia on breathing movements and 
plasma prostaglandin E concentrations in the sheep fetus 
(Fowden et al). 1992;166:713-9 
Impairment of counterregulatory hormone responses 
to hypoglycemia in pregnant women with insulin- 
dependent diabetes mellitus (Diamond et al). 1992;166: 
70-7 
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Hypothermia 
Hypothermia revisitec (Kaplan and Eidelman) (Letter); 
(Hazan et al) (Reply). 1992; 166:768-9 
Hysterectomy 
Anatomic aspects of vaginal eversion after hysterectomy 
(DeLancey). 1992;166:1717-28 
Influence of alcohol intake on postoperative morbidity after 
hysterectomy (Felding et al). 1992;166:667-70 
Patterns of failure of bulky-barrel carcinomas of the cervix 
(Coleman et al). 1992;166:916-20 
Radical hysterectomy for treatment of cervical cancer: a 
prospective study of two methods of closed-suction drain- 
age (Barton et al). 1992;166:533-7 
Radical hysterectomy in the elderly patient: analysis of mor- 
bidity (Fuchtner et al). 1992;166:593-7 
Hysterectomy, vaginal 
Laparoscopic radical hysterectomy with paraaortic and pel- 
vic node dissection (Nezhat et al). 1992;166:864-5 
Prophylactic sacrospinous fixation discouraged (Scotti) (Let- 
ter); (Cruikshank) (Reply). 1992;166: 1022-3 
Hysteroscopy 
Documentation of high-molecular-weight dextran (Hyskon) 
solution entering the serum during hysteroscopy (Man- 
gar). 1992;166:771 (Letter) 
Hysteroscopic myometrial biopsy: its use in diagnosing ad- 
enomyosis and its clinical application (McCausland). 
1992; 166:1619-28 


Ifosfamide 
Phase IJ trial of ifosfamide and mesna in leiomyosarcoma 
of the uterus: a gynecologic oncology group study (Sutton 
et al). 1992; 166:556-9 
Immunity, cellular 
Cellular immunity of patients with recurrent or refractory 
vulvovaginal moniliasis (Fong et al). 1992;166:887-90 
Evidence of embryo- and trophoblast-toxic cellular immune 
response(s) in women with recurrent spontaneous abor- 
tion (Hill et al). 1992;166:1044-52 
Immunoassay 
Use of urinary luteinizing hormone immunoassays in the 
assessment of luteal function in infertile women (Corsan 
et al). 1992;166:41-6 
Immunoglobulins 
Intravenous immunoglobulins in postpartum, persistently 
severe HELLP syndrome: A safe alternative to plasma 
exchange? (Pourrat et al) (Letter); (Files and Martin) (Re- 
ply). 1992;166:766 l 
Immunohistochemistry 
Immunohistochemical detection of the multi-drug-resis- 
tance marker P-glycoprotein in uterine cervical carcino- 
mas and norma! cervical tissue (Schneider et al). 
1992; 166:825-9 
The utility of immunocytochemistry in invasive adeno- 
carcinoma of the cervix (Tamimi et al), 1992;166: 
1655-62 
Implantation; see Ovum implantation 
In utero platelet transfusion; see Blood transfusion, intra- 
uterine 
In vitro fertilization; sce Fertilization in vitro 
Indomethacin 
Endothelium-derived relaxing factor and indomethacin- 
sensitive contracting factor alter arterial contractile re- 
sponses to thromboxane during pregnancy (Weiner et al). 
1992;166:1171-81 
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Indomethacin—cont’d 
. Role of prostaglandins in the metabolic responses of the 
fetus to hypoxia (Hooper et al). 1992;166:1568-75 
Urinary excretion of prostacyclin and thromboxane metab- 
olites in threatened preterm labor: effect of indomethacin 
and nylidrin (Kurki et al). 1992;166:150-4 
Induction of ovulation; see Ovulation induction 
Infant, low birth weight 
Breech extraction of low-birzh-weight second twins: Can 
cesarean section be justified? (Davison et al). 1992; 
166:497-502 
Drug use or inadequate prenatal care? Adverse pregnancy 
outcome in an urban setting (Broekhuizen et al). 
1992; 166:1747-56 
Risk factors for small-for-gestational-age birth in a preterm 
population (Lang et al). 1992;166:1374-8 
Infant, newborn 
Alloimmune thrombocytopen:a may be associated with sys- 
temic disease (Kay et al). 1$92;166:110-1 
Does oxytocin augmentation increase perinatal risk in pri- 
migravid labor? (Cahill et al). 1992;166:847-50 
The effect of fetal sepsis on umbilical cord gases (Meyer 
et al). 1992;166:612-7 
Elevated plasma Met-enkephalin levels in the human new- 
born are a poor indicator of perinatal stress (Martinez 
et al). 1992;166:1429-35 
Neonatal morbidity according to gestational age and birth 
weight from five tertiary care centers in the United States, 
1983 through 1986 (Robertson et al). 1992;166:1529-45 
Infant, postmature 
Validity of postnatal assessments of gestational age: a com- 
parison of the method of Ballard et al. and early ultra- 
sonography (Alexander et al). 1992;166:891-5 
Infant, premature 
The effect of cesarean section on intraventricular hemor- 
rhage in the preterm infant (Anderson et al). 1992; 
166:1091-101 
Effects of antenatal thyrotropin-releasing hormone, anten- 
atal corticosteroids, and postnatal ventilation on surfac- 
tant mobilization in premature rabbits (Seidner et al). 
1992;166:1551-9 
Hypothermia revisited (Kaplan and Eidelman) (Letter); 
(Hazan et al) (Reply). 1992; :66:768-9 
A review of premature birth and subclinical infection (Gibbs 
et al). 1992:166:1515-28 (Curr. dev.) 
Risk factors for small-for-gestazional-age birth in a preterm 
population (Lang et al). 1992;166:13'74-8 
Spontaneous abortion and subsequent adverse birth out- 
comes (Thom et al). 1992;1€6:111-6 
Validity of postnatal assessments of gestational age: a com- 
parison of the method of Ballard et al. and early ultra- 
sonography (Alexander et al). 1992;166:891-5 
Infant, small for gestational age 
Comparison of dynamic image and pulsed Doppler ultra- 
sonography for the diagnosis of the small-for-gesta-ional- 
age fetus (Miller and Gabert:. 1992;166:1820-6 
Inferior vena cava flow velocity waveforms in appropriate- 
and smiall-for-gestational-age fetuses (Rizzo et al). 
1992; 166:1271-80 
Middle cerebral artery flow ve.ocity waveforms in normal 
and smiall-for-gestational-age fetuses (Mari and Deter). 
1992;166:1262-70 
Risk factors for small-for-gestational-age birth in a preterm 
population (Lang et al). 1992;166:1374-8 
Validity of postnatal assessments of gestational age: a com- 
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parison of the method of Ballard et al. and early ultra- 
sonography (Alexander et al). 1992;166:891-5 
Infant mortality 
Main clinical types and subtypes of eclampsia (L6pez-Llera). 
1992;166:4-9 
Suffer the little children: presidential address (Young- 
blood). 1992;166:1712-6 
Infarction 
Infarction of placental chorioangioma and associated 
regression of hydrops fetalis (Hsieh and Soong) (Letter); 
(Chazotte et al) (Reply). 1992; 166:1306 
Infarction of the uterus from subacute incomplete inversion 
(Romo et al). 1992;166:878-9 
Infection; see alsc Pregnancy complications, infectious 
Amniotic fluid glucose and intraamniotic infection: sensi- 
tivity, specificity, and predictive values (Gonen) (Letter); 
(Kirshon) (Reply). 1992; 166:1863-4 
The mechanisms of preterm labor: common genital tract 
pathogens do not metabolize arachidonic acid to prosta- 
glandins or to other eicosanoids (Bennett and Elder). 
1992;166:1541-5 
Postpartum paravaginal hematoma and lower-extremity in- 
fection (Chatwani et al). 1992;166:598-609 
A review of premature birth and subclinical infection (Gibbs 
et al). 1992;166:1515-28 (Curr. dev.) 
Inferior vena cava; sce Vena cava, inferior 
Infertility, female 
Buserelin acetate versus expectant management in the treat- 
ment of infertility associated with minimal or mild en- 
dometriosis: a randomized clinical trial (Fedele et al). 
1992; 166:1345-50 
Criteria for the diagnosis of infertility (Kessopoulou et al) 
(Letter); (Aitken) (Reply). 1992;166:264-5 
Infertility and endometriosis: comparison of pregnancy out- 
comes with laparotomy versus laparoscopic techniques 
(Gant). 1992;166:1072-81 
Infertility and pregnancy outcome in an unselected group 
of women with insulin-dependent diabetes mellitus (Kjaer 
et al). 1992;166:1412-8 
Long-term sequelae of acute pelvic inflammatory disease: a 
retrospective cohort study (Safrin et al). 1992;166: 
1300-5 
Ovarian carcinoma of low malignant potential, infertility, 
and induction of ovulation: Is there a link? (Goldberg and 
Runowicz). 1992; 166:853-4 
Prevalence of out-of-phase endometrial biopsy specimens 
(Peters et al). 1992:166:1738-46 
Use of urinary luteinizing hormone immunoassays in the 
assessment of luteal function in infertile women (Corsan 
et al). 1992; 166:41-6 
Inflammation 
The relationship between acute inflammatory lesions of the 
preterm placenta and amniotic fluid microbiology (Rom- 
ero et al). 1992;166:1382-8 
Infusion pumps 
Maternal glucose intolerance and the subcutaneous terbu- 
taline pump (Lindenbaum et al). 1992;166:925-8 
Infusions, intravenous 
Effects of ®-hydroxybutyrate infusion on hind limb 
metabolism in fetal sheep (Harding et al). 1992;166: 
671-6 
Low-dose infusion of atrial natriuretic peptide in the con- 
scious guinea pig increases blood Aow to the placenta of 
growth-retarded fetuses (Jansson). 1992;166:213-8 
Oxytocin given in a pulsatile manner to the ewe at 120 to 
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140 days’ gestational age increases fetal sheep plasma cor- 
tisol (Sadowsky et al). 1992;166:200-5 
Transient symptomatic subendocardial ischemia during in- 
travenous magnesium sulfate tocolytic therapy (Sherer 
et al). 1992;166:33-5 i 
Inguinal hernia; see Hernia, inguinal 
_ Insemination, artificial 
Effect of controlled ovarian hyperstimulation on pregnancy 
rates after intrauterine insemination (DiMarzo et al). 
1992;166:1607-13 
Therapeutic donor insemination: a prospective randomized 
trial of fresh versus frozen sperm (Subak et al). 
1992; 166:1597-606 
Insulin . 
Impairment of counterregulatory hormone responses to hy- 
poglycemia in pregnant women with msulin-dependent 
diabetes mellitus (Diamond et al). 1992;166:70-7 
Insulin-dependent diabetes mellitus; see Diabetes mellitus, 
insulin-dependent 
Insulin-like growth factor I 
Insulin-like growth factor I and H binding in human myo- 
metrium and leiomyomas (Chandrasekhar et al). 
1992; 166:64-9 
Insulin-like growth factor IT 
Insulin-like growth factor I and I binding in human myo- 
metrium and leiomyomas (Chandrasekhar et al). 
1992; 166:64-9 
Insulin resistance 
Lipid and apolipoprotein abnormalities in hirsute women. 
I. The association with insulin resistance (Wild et al). 
1992;166:1191-7 
Interferons 


Superficial laser vulvectomy. V. Surgical debulking is en- | 


hanced by adjuvant systemic interferon (Reid et al). 
1992;166:815-20 
Interleukin-6 
Stimulation of ovarian tumor cell proliferation with mono- 
cyte products, including interleukin-«, interleukin-6, 
and tumor necrosis factor-a (Wu et al). 1992;166:997- 
1007 
Interleukins 
Stimulation of ovarian tumor cell proliferation with mono- 
cyte products, including interleukin-a, interleukin-6, 
and tumor necrosis factor-a (Wu et al). 1992;156:997- 
1007 
Internship and residency 
Emergency room use of transvaginal ultrasonography by 
obstetrics and gynecology residents (Timor-Tritsch et al). 
1992; 166:866-72 
Resident attrition in obstetrics and gynecology (Seltzer 
et al). 1992;166:1315-7 
Training obstetric and family practice residents to give 
smoking cessation advice during prenatal care (Secker- 
Walker et al). 1992;166:1356-63 
Intracerebral artery; see Cerebral arteries 
Intrauterine devices 
Rates and outcomes of planned pregnancy after use of Nor- 
plant capsules, Norplant II rods, or levonorgestrel-re- 
leasing or copper TCu 380Ag intrauterine contraceptive 
devices (Sivin et al). 1992;166:1208-13 
Intrauterine devices, copper 
Rates and outcomes of planned pregnancy after use of Nor- 
plant capsules, Norplant II rods, or levonorgestrel-re- 
leasing or copper TCu 380Ag intrauterine contraceptive 
devices (Sivin et al). 1992;166:1208-13 


Subject index 1931 


- Intrauterine growth retardation; see Fetal growth retardation 


Intraventricular hemorrhage; see Hemorrhage 
Inversion of uterus; see Uterine diseases 
Inverted uterus; see Uterus 
Ischemia 
Transient symptomatic subendocardial ischemia during in- 
travenous magnesium sulfate tocolytic therapy (Sherer et 
al). 1992;166:33-5 
Isoflurane | 
Inhibition of preimplantation mouse embryo development 
by isoflurane (Warren et al). 1992;166:693-8 
Items 
Items. 1992;166:272, 772, 1028, 1314, 1594, 1892 


K 


Ketones 
Effects of ®-hydroxybutyrate infusion on hind limb 
metabolism in fetal sheep (Harding et al). 1992;166: 
671-6 
Ketosteroids 
Human ovarian 17-ketosteroid oxidoreductase: unique 
characteristics of the granulosa-luteal cell and stromal en- 
zyme (Barbieri). 1992;166:1117-26 
Kidney 
Fetal urine biochemistry in the assessment of obstructive 
uropathy (Nicolaides et al). 1992;166:932-7 
Renal autoregulation in midterm and late-pregnant rats 
(Reckelhoff et al). 1992;166:1546-50 
Kidney, polycystic 
Prenatal diagnosis of autosomal recessive polycystic kidney 
disease: variable outcome within one family (Barth et al). 
1992; 166:560-7 
Kidney diseases 
Plasma endothelin levels in preeclampsia: elevation and cor- 
relation with uric acid levels and renal impairment (Clark 
et al). 1992;166:962-8 
Killer cells, natural 
Natural killer cell activity from pregnant subjects is mod- 
ulated by RU 486 (Hansen et al). 1992;166:87-90 


L 


Labor 

Acute childbirth morbidity: its measurement using hospital 
charges (Hage et al). 1992;166:1853-62 

Changes in human fetal cerebral hemoglobin concentration 
and oxygenation during labor measured by near-infrared 
spectroscopy (Peebles et al). 1992;166:1369-73 

Circulating hyaluronic acid in nonpregnant, pregnant, and 
postpartum guinea pigs: elevated levels observed at par- 
turition (Rajabt et al). 1992;166:242-6 

Does oxytocin augmentation increase perinatal risk in pri- 
migravid labor? (Cahill et al). 1992;166:847-50 

The effect of cesarean section on intraventricular hemor- 
rhage in the preterm infant (Anderson et al). 
1992;166:1091-101 

Effects of platelet-activating factor on prostaglandin E; pro- 
duction by intact fetal membranes (Morris et al). 
1992; 166:1228-3] 

Efficacy of the fetal-pelvic index in nulliparous women at 
high risk for fetal-pelvic disproportion (Morgan and 
Thurnau). 1992;166:810-4 

Elective induction versus spontaneous labor: a retrospective 
study of complications and outcome (Macer et al). 
1992; 166:1690-7 

The Green Bay cesarean section study. II. The physician 
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Labor—cont’d 

factor as a determinant of cesarean birth rates for failed 

- labor (DeMott and Sandmire). 1992;166:1799-810 

In the rhesus monkey placenzal retention after fetectomy 
at 121 to 130 days’ gestation outlasts the normal duration 
of pregnancy (Nathanielsz et al). 1992;166:1529-85 

Infection and labor. VII. Microbial invasion of the amniotic 
cavity in spontaneous rupture of membranes at term 
(Romero et al). 1992;166:129-33 


Influence of labor and oxytocin on in vitro leukotriene re- 


lease by human fetal membranes and uterine decidua at 
term gestation (Pasetto et al), 1992;166:1500-6 
Intrapartum amniotic fluid index and its relationship to 
fetal distress (Robson et al). 1992;166:78-82 
Origin of cervical collagenase during parturition (Osmers 
et al). 1992;166:1455-60 | 
Tumor necrosis factor in preterm and term labor (Romero 
et al). 1992;166:1576-87 ) 
Labor, induced 
Elective induction versus spontaneous labor: a retrospective 
study of complications and outcome (Macer et al). 
1992;166:1690-7 
Factors affecting the dose response to oxytocin for labor 
stimulation (Satin et al). 1992;166:1260-1 
Prostaglandin E; for induction of labor in patients with pre- 
mature rupture of membrares at term (Ray and Garite). 
1992; 166:836-43 l 
A randomized trial of prostag-andin E; in a controlled-re- 
. lease vaginal pessary for cervical ripening at term (Witter 
et al). 1992;166:830-4 
Labor, premature 
Direct inhibition of proteases znd cervical plasminogen ac- 
tivator by antibiotics (Milwidsky et al). 1992; 166:696-12 
Elevated maternal plasma corticotropin-releasing hormone 
levels in pregnancies complicated by preterm labor (War- 
ren et al). 1992;166:1198-207 
Endothelin-1 and endothelin-2 levels are increased in the 
amniotic fluid of women with preterm labor and microbial 
invasion of the amniotic cavity (Romero et al). 1992; 
166:95-9 
Maternal glucose intolerance and the subcutaneous terbu- 
taline pump (Lindenbaum et al). 1992;166:925-8 
The mechanisms of preterm labor: common genital tract 
pathogens do not metabolize arachidonic acid to prosta- 
glandins or to other eicosanoids (Bennett. and Elder). 
1992; 166:1541-5 
Oral magnesium and the prevention of preterm labor in a 
high-risk group of patients (Martin et al). 1992;166: 
144-7 
A randomized, placebo-controlled: trial of betamethasone 
for the prevention of respirazory distress syndrome at 24 
.to 28 weeks’ gestation (Garite et al). 1992;166:646-51 
The relationship between acute inflammatory lesions of the 
preterm placenta and amniotic fluid microbiology [Rom- 
ero et al). 1992;166:1382-8 
Transient symptomatic subendocardial ischemia during in- 
travenous magnesium sulfate tocolytic therapy (Sherer 
et al). 1992;166:33-5 
Tumor necrosis factor in preterm and term labor (Romero 
et al). 1992;166:1576-87 
Urinary excretion of prostacycl:n and thromboxane metab- 
olites in threatened preterm labor: effect of indomethacin 
and nylidrin (Kurki et al). 1¢92;166: 10 
Labor stage, first 
A randomized trial of prostaglandin F, in a controlled-re- 
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lease vaginal pessary for cervical ripening at term (Witter 
et al). 1992;166:830-4 
Laboratories 
Interlaboratory variation in antiphospholipid antibody test- 
ing (Peaceman et al). 1992;166:1780-7 


-Lactates 


Effects of B-hydroxybutyrate infusion on hind limb metab- 

olism in fetal sheep (Harding‘et al). 1992;166:671-6 
Laparoscopy; see Peritoneoscopy 
Laparotomy 

Infertility and endometriosis: comparison of pregnancy out- 
comes with laparotomy versus laparoscopic techniques 
(Gant). 1992;166:1072-81 

Serum levels of macrophage colony-stimulating factor in 
„patients with ovarian cancer undergoing second-look lap- 
arotomy (Elg et al). 1992;166:134-7 

Laryngeal neoplasms 

Fatal maternal laryngeal papillomatosis in pregnancy: a case 

report (Helmrich et al). 1992;166:524-5 
Laser surgery 

Comparison of thermal injury zones in loop electrical and 
laser cervical excisional conization (Baggish et al) 
1992; 166:545-8 

Frontiers of operative laparoscopy: a review and critique of 
the evidence (Grimes). 1992;166:1062-7] 

Infertility and endometriosis: comparison of pregnancy out- 
comes with laparotomy versus laparoscopic techniques 
(Gant). 1992; 166:1072-81 

The need for technology assessment in the reproductive 
sciences (McDonough). 1992;166:1082-90 

Superficial laser vulvectomy. V. Surgical debulking is en- 
hanced by adjuvant systemic interferon (Reid et al). 
1992; 166:815-20 

Latex 

Latex anaphylaxis m an obstetrics and gynecology physician 

(Chen et al). 1992;166:968-9 
Leadership 

Leadership qualities of obstetrics and gynecology depart- 
ment chairmen of United States medical schools (Bates 
and Blackhurst). 1992;166:1102-16 

Leg 

Postpartum paravaginal hematoma and lower-extremity in- 

fection (Chatwani et al). 1992; ane 598-600 


_ Legislation 


Folly, woodenheadedness, and the alluvial mind: presiden- 
tial address (Bolton). 1992;166:1595-6 


Leiomyoma 


Insulin-like growth factor I sa II binding ir human myo- 
metrium and leiomyomas (Chandrasekhar et al). 1992; 
166:64-9 

Rapid growth of leiomyoma in patient receiving tamoxifen 
(Dilts et al). 1992;166:167-8 

Treatment of uterine fibroids: current findings with go- 
nadotropin-releasing hormone agonists (Adamson). 
1992;166:746-51 

Leiomyosarcoma 

Deoxyribonucleic acid analysis by flow cytometry of uterine 
leiomyosarcomas and smooth muscle tumors of uncertain 
malignant potential (Peters et al). 1992;166:1646-54 

‘Phase II trial of ifosfamide and mesna in leiomyosarcoma 
of the uterus: a gynecologic oncology group study (Sutton 

et al). 1992;166:556-9 


` Letters 


Letters. 1992;166:263-9, 766-71, 1020 
1863-8 


-5, 1306-13, 1588-93, 
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Leukemia, myeloid 
Hydroxyurea and pregnancy (Tertian et al). 1992; 166: 1868 
(Letter) 
Leukocytes 
Human vaginal leukocytes and the effects of vaginal fluid 
on lymphocyte and macrophage defense functions (Hill 
and Anderson). 1992;166:720-6 
Leukocytes, mononuclear 
Possible transplacental transmission of human papilloma- 
viruses (Tseng et al). 1992;166:35-40 
Leukotrienes 
Influence of labor and oxytocin on in vitro leukotriene re- 
lease by human fetal membranes and uterine decidua at 
term gestation (Pasetto et al). 1992;166:1500-6 
Leuprolide 
Treatment of uterine fibroids: current findings with go- 
nadotropin-releasing hormone agonists (Adamson). 
1992;166:746-51 
Levonorgestrel 
Contraceptive compliance with a levonorgestrel triphasic 
and a norethindrone monophasic oral contraceptive in 
adolescent patients (Woods et al). 1992;166:901-7 
The effect of continuous subdermal levonorgestrel (Nor- 
plant) on carbohydrate metabolism (Konje et al). 
1992;166:15-9 
Levonorgestrel-releasing intrauterine contraceptive device; 
see Intrauterine devices 
Leydig cells 
Human ovarian 17-ketosteroid oxidoreductase: unique 
characteristics of the granulosa-luteal cell and stromal en- 
zyme (Barbieri). 1992;166:1117-26 
LH 
Use of urinary luteinizing hormone immunoassays in the 
assessment of luteal function in infertile women (Corsan 
et al). 1992;166:41-6 
Ligaments 
Preoperative and postoperative analysis of site- -specific pel- 
vic support defects in 81 women treated with sacrospinous 
ligament suspension and pelvic reconstruction (Shull 
et al). 1992;166:1764-71 
Prophylactic sacrospinous fixation discouraged (Scotti) (Let- 
ter); (Cruikshank) (Reply). 1992;166:1022-3 
Lipids 
Comparison of transdermal and oral estrogen/ progestin re- 
placement therapy: effects on serum lipids and lipopro- 
teins (Crook et al). 1992;166:950-5 
Lipid and apolipoprotein abnormalities in hirsute women. 
I. The association with insulin resistance (Wild et al). 
1992;166:1191-7 
Lipoproteins 
Comparison of transdermal and oral estrogen/ progestin re- 
placement therapy: effects on serum lipids and lipopro- 
teins (Crook et al). 1992;166:950-5 
Lipoproteins, LDL 
Lp(a) lipoprotein: relationship to cardiovascular disease risk 
factors, exercise, and estrogen (Lobo et al). 1992; 
166:1182-90 
Low density lipoproteins; see Lipoproteins, LDL 
Lung, growth and development 
Mimicking low amniotic pressure by chronic pharyngeal 
drainage does not impair lung development in fetal sheep 
(Fisk et al). 1392100 931G 
Lung diseases 
Serial thoracic versus abdominal circumference ratios for 
the prediction of pulmonary hypoplasia in premature 
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rupture of the membranes remote from term ener 
et al). 1992; 166:658-63 
Luteal phase 
Gonadotropin and ovarian hormone Daane in luteal 
phase defects (Alexander et al). 1992; 166:652-7 
Use of urinary luteinizing hormone immunoassays in the 
assessment of luteal function in infertile women (Corsan 
et al). 1992;166:41-6 
Luteinizing hormone; see LH 
Lymph node excision 
Laparoscopic radical hysterectomy with paraaortic and pel- 
vic node dissection (Nezhat et al). 1992;166:864-5 
Lymphocytes 
Human vaginal leukocytes and the effects of vaginal fluid 
on lymphocyte and macrophage defense functions (Hill 
and Anderson). 1992;166:720-6 


M 


Macrophage colony-stimulating factor 
Serum levels of macrophage colony-stimulating factor in 
patients with ovarian cancer undergoing second-look lap- 
arotomy {Elg et al). 1992; 166:134-7 
Macrophages 
Human vaginal leukocytes and the effects of vaginal fluid 
on lymphocyte and macrophage defense functions (Hill 
and Anderson). 1992;166:720-6 
Macrosomic fetus; see Fetal macrosomia 
Magnesium 
Oral magnesium and the prevention of preterm labor in a 
high-risk group of patients (Martin et al). 1992;166: 
144-7 
Magnesium sulfate 
Anticonvulsant effects of magnesium sulfate on hippocam- 
pal seizures: therapeutic implications in preeclampsia- 
eclampsia (Cotton et al). 1992;166:1127-36 
Magnesium sulfate is an unfit anticonvulsant in eclampsia 
(Luan) (Letter); (Sibai) (Reply). 1992;166:1588 
‘Transient symptomatic subendocardial ischemia during in- 
travenous magnesium sulfate tocolytic therapy (Sherer 
et al). 1992;166:33-5 
Magnetics 
Magnetic cell sorting and the transferrin receptor as poten- 
tial means of prenatal diagnosis from maternal blood 
(Ganshirt-Ahlert et al). 1992;166:1350-5 
Malpractice 
At last: an objective observation (Morton). 1992;166:1312 
(Letter) 
Mass screening 
The California Maternal Serum a-Fetoprotein Screening 
Program: the role of ultrasonography in the detection of 
. spina bifida (Platt et al). 1992;166:1328-9 
A comprehensive program for cervical cancer detection and 
management (Benedet et al). 1992; 166:1254-9 
Ovarian cancer screening (Gosink) (Letter); (Creasman and 
DiSaia) (Reply). 1992;166:1591-3 
Maternal blood; see Blood 
Maternal mortality 
Fatal maternal laryngeal papillomatosis in pregnancy: a case 
report (Helmrich et al). 1992;166:524-5. 
Main clinical types and subtypes of eclampsia (L6pez-Llera). 
1992;166:4-9 
Mathematical model; see Models, theoretical 
Mathematics 
Derivation of new mathematic formulas for determining 
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Mathethatica—cont'd 
whether a D-positive father i is heterozygous or homozy- 
gous for the D antigen (Karter). 1992;166:61-3 
May-Hegglin RAOR see Blood platelet disorders 
Meconium 
Elective induction versus spontaneous labor: a retrospective 
study of complications and outcome (Macer et al). 
1992;1656:1690-7 
Erythromycin, motilin; and meconium (Danieltan) (Letter); 
(Nugent) (Reply). 1992; 166:767-8 i 
Meconium aspiration syndrom=: reflections on a murky sub- 
ject (Katz and Bowes). 1992;166:171-83 (Curr. dev.) 
Medical staff 
Leadership qualities of obstetrics and gynecology depart- 
ment chairmen of United States medical schools (Bates 
and Blackhurst). 1992;166:1102-16 
Mefenamic acid 2 
Effects of mefenamic acid on menstrual hemostasis in es- 
sential menorrhagia (van Eijkeren et al). 1332; 16€:1419- 
28 
Menopause 
The benefits and risks of hormone replacement therapy: an 
epidemiologic overview (Harlap). 1992;166:1986-32 
Introduction to steroids in the menopause (Samsioe). 
1992; 156:1980-5 
Postmenopausal steroid replacement with micronized de- 
hydroepiandrosterone: preliminary oral bioavailability 
and dose proportionality studies (Buster et al. 
1992; 166:1163-70 
A reevaluation of estrogen status in pomeo women 
who smoke (Cassidenti et al’. 1992;166:1444-8 
The role of progestins in hormone replacement therapy 
(Lobo). 1992; 166:1997-2004 
Use of two types of estradiol-releasing skin patches for 
menopausal patients in a tropical climate (McCarthy 
et al). 1992;166:2005-10 
Menopause, premature 
Early menopause in long-term survivors of cancer during 
adolescence (Byrne et al). 1992;166:788-93 
Menorrhagia 
Effects of mefenamic acid on menstrual hemostasis in es- 
sential menorrhagia (van Eijkeren et al). 1992;16€:1419- 
28 
Hysteroscopic myometrial biopsy: its use in diagnosing ad- 
enomyosis and its clinical application (McCausland). 
1992;166:1619-28 
Tubal sterilization and risk of subsequent hospital admission 
for menstrual disorders (Shy et al). 1992;166:1693-706 
Menstrual cycle 
Ultrastructure of the microvasculature in the human en- 
dometrium throughout the normal menstrual cycle (Rob- 
erts et al). 1992;166:1393-406 
Menstruation disorders 
Effects of mefenamic acid on menstrual hemostasis in es- 
sential menorrhagia (van Eijkeren et al). 1992;16€:1419- 
28 
Tubal sterilization and risk of subsequent hospital admis- 
sion for menstrual disorders (Shy et al). 1992;166:1698- 
706 
Mental retardation 
Maternal phenylketonuria collaborative study, obste:ric as- 
pects and outcome: the frst 6 years (Platt et al). 
1992;166:1150-62 
Mentors 
Leadership qualities of obstetrics and gynecology depart- 


June 1992 
Am ] Obstet Gynecol 


ment chairmen of United States medical schools (Bates 
and Blackhurst). 1992;166:1102-16 
2-Mercaptoethanesulfonate 
Phase II trial of ifosfamide and mesna in leiomyosarcoma 
of the uterus: a gynecologic oncology group study (Sutton 
et al). 1992:156:556-9 
Messenger ribonucleic acid; see RNA, messenger 
Met-enkephalin; see Enkephalins 
Metronidazole 
Incidence of pelvic inflammatory disease after first-trimes- 
ter legal abortion in women with bacterial vaginosis after 
treatment with metronidazole: a double-blind, random- 
ized study (Larsson et al). 1992;166:100-3 
Vaginal Po, in healthy women and in women infected with 
Trichomonas vaginalis: potential implications for metroni- 
dazole therapy (Rashad et al). 1992;166:620-4 
Metrorrhagia 
Tubal sterilization and risk of subsequent hospital admis- 
sion for menstrual disorders (Shy et al). 1992;166:1698- 
706 
Midtrimester; see Pregnancy trimester, second 
Mifepristone 
Natural killer cell activity from pregnant subjects is mod- 
ulated by RU 486 (Hansen et al). 1992;166:87-90 
Milrinone 
The maternal and fetal effects of milrinone and dopamine 
in normotensive pregnant ewes (Santos et al). 1992; 
166:257-62 
Miscarriage; see Abortion 
Models, theoretical 
A model-based prediction for transvaginal ultrasonographic 
identification of early intrauterine pregnancy (Shapiro 
et al). 1992;156:1495-500 
Moniliasis, vulvovaginal 
Cellular immunity of patients with recurrent or r refractory 
vulvovaginal moniliasis (Fong et al). 1992;166:887-90 


Monocytes 


Stimulation of ovarian tumor cell proliferation with mono- 
cyte products, including interleukin-a, interleukin-6, 
and tumor necrosis factor-a (Wu et al). 1992;166:997- 
1007 

Mononuclear cells; see Leukocytes, mononuclear 
Morals 

Contraceptive prevalence, reproductive health, and inter- 

national morality (Diczfalusy). 1992;166:1037-43 
Morbidity 

Acute childbirth morbidity: its measurement using hospital 
charges (Hage et al). 1992;166:1853-62 

Influence of alcohol intake on postoperative morbidity after 
hysterectomy (Felding et al). 1992;166:667-70 

Neonatal morbidity according to gestational age and birth 
weight from five tertiary care centers in the United States, 
1983 through 1986 (Robertson et al). 1992;166:1629-45 

Radical hysterectomy in the elderly patient: analysis of mor- 
bidity (Fuchtner et al). 1992;166:593-7 

Motherhood 

Abortion or motherhood, suicide and madness (Ryan). 

1992; 166: 1029-36 
Motilin 

Erythromycin, motilin, and meconium (Danielian) (Letter); 

(Nugent) (Reply). 1992;166:767-8 
Muscle, smooth 

Deoxyribonucleic acid analysis by fow cytometry of uterine 
lelomyosarcomas and smooth muscle tumors of uncertain 
malignant potential (Peters et al). 1992;166:1646-54 
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Muscle, smooth, vascular 
Endothelium-derived relaxing factor and indomethacin- 
sensitive contracting factor alter arterial contractile re- 
sponses to thromboxane during pregnancy (Weiner et al). 
1992; 166:1171-81 
Lack of reactivity of uterine arteries from patients with ob- 
stetric hemorrhage (Nelson and Suresh). 1992; 166:1436- 
43 
Myeloid leukemia; see Leukemia, myeloid 
Myocardial ischemia; see Ischemia 
Myoma 
Insulin-like growth factor I and IJ binding in human myo- 
metrium and leiomyomas (Chandrasekhar et al). 1992; 
166:64-9 
Myometrium 
Hysteroscopic myometrial biopsy: its use in diagnosing ad- 
enomyosis and its clinical application (McCausland). 
1992; 166:1619-28 
Insulin-like growth factor I and II binding in human myo- 
metrium and leiomyomas (Chandrasekhar et al). 1992; 
166:64-9 
Oxytocin given in a pulsatile manner to the ewe at 120 to 
140 days’ gestational age increases fetal sheep plasma cor- 
tisol (Sadowsky et al). 1992;166:200-5 
The presence of platelet-activating factor binding sites in 
human myometrium and their role in uterine contraction 
(Zhu et al). 1992;166:1222-7 
Myotonia atrophica _ 


Hydrops fetalis associated with congenital myotonic dystro- 


phy (Afifi et al). 1992;166:929-30 
Myotonic dystrophy; see Myotonia atrophica 


N 


Nafarelin 

Bioavailability of nafarelin in healthy volunteers (Chaplin). 
1992; 166:762-5 

Gonadotropin-releasing hormone analogs: update on new 
findings (Henzl). 1992;166:757-61 

Nafarelin in the management of endometriosis: quality of 
life assessment (Burry). 1992; 166:735-9 

Treatment of uterine fibroids: current findings with go- 
nadotropin-releasing hormone agonists (Adamson). 
1992;166:746-51 

Natriuretic peptides, atrial — 

Low-dose infusion of atrial natriuretic peptide in the 
conscious guinea pig increases blood flow to the pla- 
centa of growth-retarded fetuses (Jansson). 1992;166: 
213-8 

Natural killer cells; see Killer cells, natural 
Near-infrared spectroscopy; see Spectrum analysis 
Necrosis 

Necrotizing fasciitis of the vulva (Stephenson et al). 

1992;166:1324-7 
Neisseria gonorrhoeae 

Preterm premature rupture of membranes: results of ex- 
pectant management in patients with cervical cultures 
positive for group B streptococcus or Neisseria gonorrhoeae 
(Maxwell and Watson). 1992;166:945-9 

Nematode infections 

Nematode infections: Is it wise to withhold medical treat- 
ment during pregnancy? I. Biliary complications (Vullar 
L. et al). 1992;166:549-50 

Neonate; see Infant, newborn 
Neoplasm metastasis 
Ovarian metastases in stage IB carcinoma of the cervix: a 
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Gynecologic Oncology Group study (Sutton et al). 
1992;166:50-3 
Neoplasms 
Early menopause in long-term survivors of cancer during 
adolescence (Byrne et al). 1992;166:788-93 
Neural network 
The use of neural network for the ultrasonographic esti- 
mation of fetal weight in the macrosomic fetus (Farmer 
et al). 1992;166:1467-72 
Neural tube defects 
The California Maternal Serum a-Fetoprotein Screening 
Program: the role of ultrasonography in the detection of 
spina bifida (Platt et al). 1992; mene 1328-9 
Nitric oxide 
Attenuation of the vasoconstrictor effects of throm- 
boxane and endothelin by nitric oxide in the human 
fetal-placental circulation (Myatt et al). 1992;166:224- 
30 
Now-Nitro-L-arginine, and inhibitor of nitric oxide synthesis, 
increases blood pressure in rats and reverses the preg- 
nancy-induced refractoriness to vasopressor agents (Mol- 
nár and Hertelendy). 1992;166:1560-7 
Nitroglycerin; see Glyceryl trinitrate 
Norethindrone | 
Contraceptive compliance with a levonorgestrel triphasic 
and a norethindrone monophasic oral contraceptive in 
adolescent patients {Woods et al). 1992;166:901-7 
Gonadotropin- releasing hormone. agonists: strategies for 
managing the hypoestrogenic effects of therapy (Judd). 
1992;166:752-6 
Gonadotropin-releasing hormone analogs: update on new 
findings (Henzl). 1992;166:757-61 
Norgestimate 
The efficacy and tolerability of norgestimate/ethinyl estra- 
diol (250 pg of norgestimate/35 wg of ethinyl estradiol): 
results of an open, multicenter study of 59,701 women 
(Runnebaum et al). 1992;166:1963-8 
Norgestimate: a clinical overview of a new progestin (Brin- 
ger). 1992; 166:1978-9 
Norplant; see Levonorgestrel 
Numerical analysis, computer-assisted 
Numeric analysis of heart rate variation in intrauterine 
growth-retarded fetuses: a longitudinal study (Snijders 
et al). 1992;166:22-7 
Nylidrin 
Urinary excretion of prostacyclin and thromboxane metab- 
olites in threatened preterm labor: effect of indomethacin 
and nylidrin (Kurki et al). 1992;166:150-4 l 


O 


Obstructive uropathy; sze Urinary tract, pathology 
Office visits 
Pelvic inflammatory disease: trends in hospitalizations and 
office visits, 1979 through 1988 (Rolfs et al). 1992; 
166:983-90 ' 
Oligohydramnios 
Mimicking low amniotic pressure by chronic pharyngeal 
drainage does not impair lung development in fetal sheep 
(Fisk et al). 1992;166:991-6 
Omentum 
Omental graft made simple (Petty). 
(Letter) ` 
Oocytes 
Criteria for the diagnosis of infertility (Kessopoulou et al) 
(Letter); (Aitken) (Reply). 1992; 166:264-5 


1992;166:159] 
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Oral administration; see Administration, oral 
Oral contraceptives; see Contraceptives, oral 
Osteoporosis 
The effect of sex steroids on the skeleton in premenopausal 
women (Lindsay). 1992; 166:1993-6 
Low-dosage micronized 17§-eszradiol prevents bone less in 
postmenopausal women (Ettinger et al). 1992; 166:<79-88 
Prolonged effects of a novel, :ow-dosage continuous pro- 
gestin—cyclic estrogen replacement program in post- 
menopausal women (Plunkett and Wolfe). 1992;165:117- 
21 
Outcome of pregnancy; see Pregnancy outcome 
Ovarian cysts 
Giant ovarian cyst: case report (Zamora-Garza 2t al). 
1992;166:1247-8 
Oral contraceptive type and functional ovarian cysts ‘Lanes 
et al). 1992;166:956-61 
Ovarian hyperstimulation 
Effect of controlled ovarian hyperstimulation on pregnancy 
rates after intrauterine insemination (DiMarzo et al). 
1992;166:1607-13 : 
Ovarian neoplasms 
Advanced epithelial ovarian carcinoma: long-term survival 
experience at the community hospital (Unzelman). 
1992; 166:1663-72 
The cavitational ultrasonic surgical aspirator for cytore- 
duction in advanced ovarian cancer (Rose). 19¢2;166: 
843-6 a 
Human monoclonal antibody recognizing an antigen asso- 
ciated with ovarian and other adenocarcinomas (Smith 
et al). 1992;166:634-45 | 
Meta-analysis of surgery in advanced ovarian carcincma: Is 
maximum cytoreductive surgery an independent ceter- 
minant of prognosis? (Hunter et al). 1992;166:504-11 
Ovarian cancer screening (Gosink) (Letter); (Creasman and 
DiSata) (Reply). 1992;166:1591-3 
Ovarian carcinoma of low malignant potential, infertility, 
and induction of ovulation: Is there a link? (Goldberg and 
Runowicz). 1992;166:853-4 
Ovarian metastases in stage IB carcinoma of the cervix: a 
Gynecologic Oncology Group study (Sutton et al). 
1992; 166:50-3 | 
Regulation of growth of normal ovarian epithelial cells and 
ovarian cancer cell lines by transforming growth factor- 
B (Berchuck et al). 1992;166:676-84 ` 
The safety of oral contracepzives: epidemiologic insights 
from the first 30 years (Grimes). 1992;166:1950-¢ 
Serum levels of macrophage colony-stimulating factor in 


patients with ovarian cancer undergoing second-Icok lap- 


arotomy (Elg et al). 1992;1€6:134-7 ` 
Stimulation of ovarian tumor zell proliferation with mono- 
cyte products, including interleukin-a, interleukin-6, and 
tumor necrosis factor-a (Wu et al). 1992;166:997-1007 
Ovary l l | 
The effect of benzo(a)pyrene on murine ovarian and cor- 
pora lutea volumes (Miller et al). 1992;166:1535-41 
Human ovarian 17-ketosteroid oxidoreductase: unique 
characteristics of the granulosa-luteal cell and stromal en- 
zyme (Barbieri). 1992;166:1117-26 ) 
Oviduct transport; see Ovum transport | 
Ovulation a 
Prevalence of out-of-phase endometrial biopsy specimens 
(Peters et-al). 1992;166:1733-46 
Ovulation induction 
Ovarian carcinoma of low malignant potential, infertility, 
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and induction of ovulation: Is there a link? (Goldberg and 
Runowicz). 1992;166:853-4 
Ovum implantation 
The effect of preovulatory peritoneal fluid from cases of 
endometriosis on murine in vitro fertilization, embryo 
development, oviduct transport, and implantation (Dodds 
et al). 1992;166:219-24 
Ovum transport 
The effect of preovulatory peritoneal fluid from cases of 
endometriosis on murine in vitro fertilization, embryo 
development, oviduct transport, and implantation (Dodds 
et al). 1992;166:219-24 
Oxidized cellulose; see Cellulose, oxidized 
Oxidoreductases 
Human ovarian 17-ketosteroid oxidoreductase: unique 
characteristics of the granulosa-luteal cell and stromal en- 
zyme (Barbieri). 1992;166:1117-26 
Oxygen consumption 
Changes in human fetal cerebral hemoglobin concentration 
and oxygenation during labor measured by near-infrared 
spectroscopy ‘Peebles et al). 1992;166:1369-73 
Effects of chroric maternal anemia on systemic and utero- 
placental‘oxygenation in near-term pregnant sheép (Del- 
papa et al). 1992;166:1007-12 
Oxytocin 
Does oxytocin augmentation increase perinatal risk in pri- 
migravid laber? (Cahill et al). 1992;166:847-50 
Elective induction versus spontaneous labor: a retrospective 
study of complications and outcome (Macer et al). 
1992;166:1690-7 
Factors affecting the dose response to oxytocin for labor 
` stimulation (Satin et al). 1992;166:1260-1 
Influence of labor and oxytocin on in vitro leukotriene re- 
lease by human fetal membranes and uterine decidua at 
term gestation (Pasetto et al). 1992;166:1500-6 
Oxytocin given in a pulsatile manner to the ewe at 120 to 
140 days’ gestational age increases fetal sheep plasma cor- 
tisol (Sadowsky et al). 1992;166:200-5 


P 


P-glycoprotein; see Glycoproteins 
Pacific Coast Obstetrical and Gynecological Society 
Transactions of the fifty-eighth annual meeting of the Pa- 
cific Coast Obstetrical and Gynecolcgical Society. 
1992;166:1595-711 
Pain | 
The resolution of chronic pelvic pain after normal laparos- 
copy findings (Baker and Symonds). 1992;166:835-6 
Papanicolaou smear; see Vaginal smears 
Papilloma 
Fatal maternal laryngeal papillomatosis in pregnancy: a case 
report (Helmrich et al). 1992;166:524-5 
Papillomaviruses 
~ Oral folic acid supplementation for cervical dysplasia: a clin- 
ical intervention trial (Butterworth et al). 1992;166: 
803-9 : 
Possible transplacental transmission of human papilloma- 
viruses (Tseng et al). 1992;166:35-40 
Superficial laser vulvectomy. V. Surgical debulking is en- 
hanced by adjuvant systemic interferon (Reid et al). 
1992; 166:815-20 
Paraaortic node dissection; see Lymph node excision 
Parent-child relations . 
Attitudes toward reproduction in a nonpatient population 
(Wikman et al). 1992;166:121-6' 
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Parturition; see Labor 
Pathology 


Examination of placentas by pathologists (Altshuler). . 


1992;166:1312 (Letter) 
Patient compliance 
Contraceptive compliance with a levonorgestrel triphasic 
and a norethindrone monophasic oral contraceptive in 
adolescent patients (Woods et al). 1992;166:901-7 
Patient education 


Training obstetric and family practice residents to ‘give 


smoking cessation advice during prenatal care (Secker- 
Walker et al). 1992;166:1356-63 
Pelvic abscess; see Adnexitis 
Pelvic belts 
An integrated therapy for pertpartum pelvic instability: a 


study of the biomechanical effects of pelvic belts (Vleem- ° 


ing et al). 1992;166:1243-7 
Pelvic inflammatory disease; see Adnexitis 
Pelvic neoplasms 
The clinical significance of thrombocytosis in women 
presenting with a pelvic mass (Chalas et al). 1992;166: 
974-7 
Pelvic node dissection; see Lymph node excision 
Pelvis 
An integrated therapy for peripartum pelvic instability: a 
study of the biomechanical effects of pelvic belts (Vleem- 
ing et al). 1992;166:1243-7 
Preoperative and postoperative analysis of site-specific pel- 
vic support defects in 81 women treated with sacrospinous 
ligament suspension and pelvic reconstruction (Shull 
et al). 1992;166:1764-71 
The resolution of chronic pelvic pain after normal laparos- 
copy findings (Baker and Symonds). 1992;166:835-6 
Transvaginal ultrasonographic quantitative assessment of 
accumulated cul-de-sac fluid (Rosen et al). 1992;166: 
542-4 
Perforated appendicitis; see Appendicitis 
Periconception; see Fertilization 
Pericytes 
Ultrastructure of the microvasculature in the human en- 
dometrium throughout the normal menstrual cycle (Rob- 
erts et al). 1992;166:1393-406 
Perineum 
Vaginal injury resulting from sliding down a water chute 
(Niv et al). 1992;166:930-1 
Peripheral blood; see Blood 
Peritoneal fluid; see Ascitic fluid 
Peritoneoscopy 
Frontiers of operative laparoscopy: a review and critique of 
the evidence (Grimes). 1992;166:1062-71 
Infertility and endometriosis: comparison of pregnancy out- 
comes with laparotomy versus laparoscopic techniques 
(Gant). 1992;166:1072-81 
Laparoscopic radical hysterectomy with paraaortic and pel- 
vic node dissection (Nezhat et al). 1992;166:864-5 
The need for technology assessment in the reproductive 
sciences (McDonough). 1992;166:1082-90 
Pelvic inflammatory disease: findings during inpatient treat- 
ment of clinically severe, laparoscopy-documented dis- 
ease (Livengood et al). 1992;166:519-24 
The resolution of chronic pelvic pain after normal laparos- 
copy findings (Baker and Symonds). 1992;166:835-6 
Treatment of unruptured tubal pregnancy by laparoscopic 
instillation of hyperosmolar glucose solution (Lang et al). 
1992; 166:1378-81 
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Peritoneum l 

Comparison of the peritoneal cells elicited by oxidized re- 
generated cellulose (Interceed) and expanded polytetra- 
fluoroethylene (Gore-Tex Surgical Membrane) in a mu- 
rine model] (Haney and Doty). 1992;166:1137-49 

Peritonitis 

Abruptio placentae associated with perforated appendicitis 
and generalized peritonitis (Yaron et al). 1992;166: 
14-5 

Pessaries 

A randomized trial of prostaglandin Es in a controlled-re- 
lease vaginal pessary for cervical ripening at term (Witter 
et al). 1992; 166:830-4 

Phenyliketonuria 

Maternal phenylketonuria collaborative study, obstetric as- 
pects and outcome: the first 6 years (Platt et al). 
1992;166:1150-62 

Placenta 
_ Attenuation of the vasoconstrictor effects of thromboxane 
and endothelin by nitric oxide in the human fetal-pla- 
cental circulation (Myatt et al). 1992;166:224-30 

Doppler ultrasonographic features of the developing pla- 
cental circulation: correlation with anatomic findings 
(Jauniaux et al). 1992;166:585-7 

Examination of placentas by pathologists (Altshuler). 

. 1992;166:1312 (Letter) 

In the rhesus monkey placental retention after fetectomy 
at 121 to 130 days’ gestation outlasts the normal duration 
of pregnancy (Nathanielsz et al). 1992;166:1529-35 

Low-dose infusion of atrial natriuretic peptide in the con- 
scious guinea pig increases blood flow to the placenta of 
growth-retarded fetuses (Jansson). 1992; 166:213-8 

Possible transplacental transmission of human papilloma- 
viruses (Tseng et al). 1992;166:35-40 

Placenta diseases 

Infarction of placental chorioangioma and associated 
regression of hydrops řetalis (Hsieh and Soong) (Letter); 
(Chazotte et al) (Reply). 1992;166:1306 

The relationship between acute inflammatory lesions of the 
preterm placenta and amniotic fluid microbiology (Rom- 
ero et al). 1992;166:1332-8 

Placental hormones 

Elevated maternal plasma corticotropin-releasing hormone 
levels in pregnancies complicated by preterm labor (War- 
ren et al). 1992;166:1198-207 

Placental lactogen 

Partial hydatidiform moles have impaired differentiated 
function (human chorionic gonadotropin and human pla- 
cental lactogen secretion) in response to epidermal growth 
factor and 8-bromo-cvclic adenosine monophosphate 
(Morrish et al), 1992;166:160-6 

Placental proteins; see Pregnancy proteins 
Planned pregnancy; see Family planning 
Plasma E 

Elevated maternal plasma corticotropin-releasing hormone 
levels in pregnancies complicated by preterm labor (War- 
ren et al). 1992;166:1198-207 

Elevated plasma Met-enkephalin levels in the human new- 
born are a poor indicator of perinatal stress (Martinez 
et al). 1992;166:1429-35 

Plasma exchange 
Intravenous immunoglobulins in postpartum, persistently 
. severe HELLP. syndrome: A safe alternative to plasma 
exchange? (Pourrat et al (Letter); (Files and Martin) (Re- 
ply). 1992;.166:766 
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Plasminogen activators 
Direct inhibition of proteases and cervical plasmincgen ac- 
tivator by antibiotics (Milwicdsky et al). 1992;166:506-12 
Platelet activating factor 
Effects of platelet-activating factor on prostaglandin E, pro- 
duction by intact fetal membranes (Morris et al). 
1992; 166:1228-31 
The presence of platelet-activating factor binding sites in 
human myometrium and their role in uterine contraction 
(Zhu et al). 1992;166:1222-7 
Platelet activation 
Platelet activation and vascular damage in gestational hy- 
pertension (Ballegeer et al’. 1992;166:629-33 
Platelet transfusion; see Blood transfusion, intrauterine 
Platelets; see Blood platelets 
Poiseuille equation 
Applicability of the Poiseuill2 equation to umbilical artery 
velocimetry (Degani) (Letter); (Wright and Ridgway) (Re- 
ply). 1992;166:766-7 
Polycyclic hydrocarbons 
The effect of benzo(a)pyrene on murine ovarian and cor- 
pora lutea volumes (Miller et al). 1992;166:1535-41 
Polycythemia 
Fetal polycythemia and thrombocytopenia in pregnancies 
complicated by maternal diabetes mellitus (Salvesen et al). 
1992;166:1287-92 
Polyhydramnios 
Therapeutic amniocentesis in twin-twin transfusion syn- 
drome appearing in the second trimester of pregnancy 
(Saunders et al). 1992;166:820-4 
Polymerase chain reaction 
Magnetic cell sorting and the transferrin receptor as poten- 
tial means of prenatal diagnosis from maternal blood 
(Ganshirt-Ahlert et al). 1992;166:1350-5 
Possible transplacental transmission of human papilloma- 
viruses (Tseng et al). 1992;166:35-40 
Polytetrafluoroethylene 
Comparison of the peritoneal cells elicited by oxidized re- 
generated cellulose (Interceed) and expanded polytetra- 
fluoroethylene (Gore-Tex Surgical Membrane) in a mu- 
rine model (Haney and Doty). 1992;166:1137-49 
Polyunsaturated fatty acids; :e¢ Fatty acids, polyunsaturated 
Population 
Population differences of fetal biophysical and behavioral 
characteristics (Johnson et al). 1992;166:138-42 
Postmenopause; see Menopause 
Postterm infant; see Infant, postmature 
Pre-eclampsia 
Abnormal 1,25-dihydroxyvitamin D metabolism in pre- 
eclampsia (August et al). 1992;166:1295-9 
Anticonvulsant effects of magnesium sulfate on Aippocam- 
pal seizures: therapeutic implications in preeclampsia- 
eclampsia (Cotton et al). 1992;166:1127-36 
Eclampsia. VII. Pregnancy outcome after eclampsia and 
long-term prognosis (Sikai et al). 1992;166:1757-63 
The function of elevated plasma fibronectin in pr2eclampsia 
(Brubaker et al). 1992;156:526-31 
Immunoreactive circulating endothelin-1 in normal and hy- 
pertensive pregnancies (Schiff et al), 1992;166:624-8 
Interrelationship and clin.cal significance of increased re- 
sistance in the uterine arteries in patients with hyperten- 
sion or preeclampsia or both (Kofinas et al). 1992; 
166:601-6 
Intravenous immunoglobulins in postpartum, persistently 
severe HELLP syndrome: A safe alternative to plasma 
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exchange? (Pourrat et al) (Letter); (Files and Martin) (Re- 
ply). 1992; 166:766 
Magnesium suifate is an unfit anticonvulsant in eclampsia 
(Luan) (Letter); (Sibai) (Reply). 1992;166:1588 
More on early detection of preeclampsia (Ales) (Letter); 
(Sibai) (Reply). 1992;166:1306-8 
The natural history of thrombocytopenia associated with 
preeclampsia (Catanzarite). 1992;166:770-1 (Letter) 
Plasma endothelin levels in preeclampsia: elevation and cor- 
relation with uric acid levels and renal impairment (Clark 
et al). 1992;166:962-8 
Platelet activation and vascular damage in gestational hy- 
pertension (Ballegeer et al). 1992;166:629-33 
Polyunsaturated fatty acids in preeclampsia (Sanjurjo et al) 
(Letter); (Wang et al) (Reply). 1992;166:1023-4 
Preeclampsia, von Willebrand factor antigen, and endothe- 
lial cells (Blann) (Letter); (Taylor et al) (Reply). 
1992; 166:769-70 
Predictive value of tests 
Amniotic fluid glucose and intraamniotic infection: sensi- 
tivity, specificity, and predictive values (Gonen) (Letter); 
(Kirshon) (Reply). 1992;166:1863-4 
Receiver-operator characteristic, efficiency analysis, and 
predictive value of serum progesterone concentration as 
a test for abnormal gestations (Cowan et al). 1992; 
166:1729-37 
Unexplained elevated maternal serum a-fetoprotein is not 
predictive of adverse perinatal outcome in an indigent 
urban population (Phillips et al). 1992;166:978-82 
Prednisone 
Repeated fetal losses associated with antiphospholipid an- 
tibodies: a collaborative randomized trial comparing 
prednisone with low-dose heparin treatment (Cowchock 
et al). 1992; 166:1318-23 
Pregnancy, bleod 
The blood pressure response to infusions of angiotensin H 
during normal pregnancy: relation to plasma angiotensin 
II concentration, serum progesterone level, and mean 
platelet volume (Ito et al). 1992;166:1249-53 
Endothelium-derived relaxing factor and indomethacin- 
sensitive contracting factor alter arterial contractile re- 
sponses to thromboxane during pregnancy (Weiner et al). 
1992;166:1171-81 
No-Nitro-L-arginine, and inhibitor of nitric oxide synthesis, 
increases blood pressure in rats and reverses the preg- 
nancy-induced refractoriness to vasopressor agents (Mol- 
nár and Hertelendy). 1992;166:1560-7 
Pregnancy, drug effects 
Anticancer drugs during pregnancy: Are we able to discard 
them? (Kim et al) (Letter); (van der Zee et al) (Reply). 
1992; 166:265-6 
The maternal and fetal effects of milrinone and dopamine 
in normctensive pregnant ewes (Santos et al). 1992; 
166:257-€2 
Routine urine drug screening at the first prenatal visit (Col- 
morgen et al). 1992;166:588-90 
Pregnancy, ectopic 
Frontiers of operative laparoscopy: a review and critique of 
the evidence (Grimes). 1992;166:1062-71 
Laboratory and clinical comparison of a rapid versus a clas- 
sic progesterone radioimmunoassay for use in determin- 
ing abnormal and ectopic pregnancies (Peterson et al). 
1992; 166:562-6 
Pregnancy, epidemiology 
Effect of controlled ovarian hyperstimulation on pregnancy 
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rates after intrauterine insemination (DiMarzo et al). 
1992;166:1607-13 
Selection bias in in vitro fertilization programs (Hershlag 
et al). 1992;166:1-3 (Clin. opinion) 
Pregnancy, immunology 
Natural killer cell activity from pregnant subjects is mod- 
ulated by RU 486 (Hansen et al). 1992;166:87-90 
Pregnancy, multiple 
Breech extraction of low-birth-weight second twins: Can 
cesarean section be justified? (Davison et al). 1992; 
166:497-502 
Triplet pregnancy involving complete hydatidiform mole 
and two fetuses: genetic analysis by deoxyribonucleic acid 
fingerprint (Azuma et al). 1992; 166:664-7 
The Zavanelli maneuver applied to locked twins (Swartjes 
et al). 1992;166:532 i 
Pregnancy, physiology 
Arterial pressure response to maximal isometric exercise in 
pregnant women (Lotgering et al). 1992;166:538-42 
Describing and interpreting 24-hour blood pressure pat- 
terns in physiologic pregnancy (Cugini et al). 1992; 
166:54-60 
Doppler ultrasonographic features of the developing pla- 
cental circulation: correlation with anatomic findings 
(Jauniaux et al). 1992;166:585-7 
Long-term acid-base measurements in the fetal and mater- 
nal baboon (Daniel et al}. 1992;166:707-12 
Maternal and fetal cardiovascular responses to strenuous 
bicycle exercise (van Doorn et al). 1992;166:854-9 
Prostaglandin- or endothelium-mediated vasodilation is not 
involved in the blunted responses of blood vessels to va- 
soconstrictors in pregnant rats (St-Louis and Sicotte). 
1992; 166:684-92 
Pregnancy, psychology 
Depressive symptoms in women in the 6 months after mis- 
carriage (Neugebauer et al). 1992;166:104-9 
Pregnancy, tubal 
Treatment of unruptured tubal pregnancy by laparoscopic 
instillation of hyperosmolar glucose solution (Lang et al). 
1992; 166:1378-81 
Pregnancy complications 
Cervical stenosis in pregnancy: a complication of cryo- 
therapy in diethylstilbestrol-exposed women (Kalstone). 
1992;166:502-3 
Eosinophilic cystitis during pregnancy (Chamberlin). 1992; 
166:28-9 
Hospitalization for pregnancy complications, United States, 
1986 and 1987 (Franks et al). 1992;166:1339-44 
Laboratory and clinical comparison of a rapid versus a clas- 
sic progesterone radioimmunoassay for use in determin- 
ing abnormal and ectopic pregnancies (Peterson et al). 
1992; 166:562-6 
Nonsurgical management of penetrating uterine trauma in 
pregnancy: a case report (Grubb). 1992;166:583-4 
A randomized, placebo-controlled trial of betamethasone 
for the prevention of respiratory distress syndrome at 24 
to 28 weeks’ gestation (Garite et al). 1992;166:646-51 
Spontaneous abortion and subsequent adverse birth out- 
comes (Thom et al). 1992;166:111-6 
Successive pregnancies complicated by idiopathic sidero- 
blastic anemia (Barton et al). 1992;166:576-7 
Pregnancy complications, cardiovascular 
Abnormal 1,25-dihydroxyvitamin D metabolism in pre- 
eclampsia (August et al). 1992;166:1295-9 
Familial occurrence of thrombotic thrombocytopenic pur- 
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pura in two sisters during pregnancy (Wiznitzer et al). 
1992;166:20-1 

Immunoreactive circulating endothelin-1 in normal and 
hypertensive pregnancies (Schiff et al). 1992;166: 
624-8 

Interrelationship and clinical significance of increased re- 
sistance in the uterine arteries in patients with hyperten- 
sion or preeclampsia or both (Kofinas et al). 1992; 
166:601-6 

Main clinical types and subtypes of eclampsia (Ldépez-Llera). 
1992; 166:4-9 

Progression of diabetic retinopathy in pregnancy: associa- 
tion with hypertension in pregnancy (Rosenn et al). 
1992; 166:1214-8 

Transient symptomatic subendocardial ischemia during in- 
travenous magnesium sulfate tocolytic therapy (Sherer 
et al). 1992;166:33-5 

Uterine and umbilical flow velocity waveforms in normo- 
tensive and hypertensive subjects during the angiotensin 
IJ sensitivity test {Erkkola and Pirhonen). 1992;166: 
910-6 

Pregnancy complications, hematologic 

Acute posttraumatic fetal anemia treated with fetal intra- 
vascular transfusion (Del Valle et al). 1992;166:127-9 

Angiographic embolization in the management of hemor- 
rhagic complications of pregnancy (Gilbert et al). 
1992; 166:493-7 

Effects of chronic maternal anemia on systemic and utero- 
placental oxygenation in near-term pregnant sheep (Del- 
papa et al). 1992;166:1007-12 

Hydroxyurea and pregnancy (Tertian et al). 1992;166:1868 
(Letter) 

Lack of reactivity of uterine arteries from patients with ob- 
stetric hemorrhage (Nelson and Suresh). 1992; 166:1436- 
43 

May-Hegglin anomaly: a rare case of maternal thrombo- 
cytopenia in pregnancy (Chatwani et al). 1992;166:143-4 

Successive pregnancies complicated by idiopathic sidero- 
blastic anemia (Barton et al). 1992;166:576-7 

Pregnancy complications, infectious 

Abruptio placentae associated with perforated appendicitis 
and generalized peritonitis (Yaron et al). 1992;166:14-5 

Characteristics of three vaginal flora patterns assessed by 
Gram stain among pregnant women (Hillier et al). 
1992;166:938-44 

Endothelin-1 and endothelin-2 levels are increased in the 
amniotic fluid of women with preterm labor and microbial 
invasion of the amniotic cavity (Romero et al). 
1992; 166:95-9 

Eradication of Ureablasma urealyticum from the amniotic 
fuid with transplacental antibiotic treatment (Romero 
et al). 1992:166:618-20 

Erythromycin therapy in preterm premature rupture of the 
membranes: a prospective, randomized trial of 220 pa- 
tients (Mercer et al). 1992;166:794-802 

Infection and labor. VII. Microbial invasion of the amniotic 
cavity in spontaneous rupture of membranes at term 
(Romero et al). 1992;166:129-33 

Is trichomoniasis often associated with bacterial vaginosis in 
pregnant adolescents? (James et al). 1992;166:859-63 

The mechanisms of preterm labor: common genital tract 
pathogens do not metabolize arachidonic acid to prosta- 
glandins or to other eicosanoids (Bennett and Elder). 
1992;166:1541-5 

Nematode infections: Is it wise to withhold medical treat- 
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Pregnancy complications, infectious—cont’d 
ment during pregnancy? I. Biliary complications (Villar 
L. and Sibai). 1992;166:549-50 

Pessible transplacental transmission of. human papilloma- 
viruses (Tseng et al). 1992;166:35-40 

Prenatal diagnosis of fetal cytomegalovirus infection (Lamy 
et al). 1992;166:91-4 

Preterm premature rupture of membranes: results of ex- 
pectant management in patients ‘with cervical cultures 
‘positive for group B streptococcus or Neisseria gonorrhoece 
(Maxwell and Watson). 1992;166: 945-9. 

The relationship between acute inflammatory lesions of tke 
preterm placenta and amniotic fluid microbiology (Rom- 
ero et al). 1992;166:1382-8 

A review of premature birth and subclinical infection (Gibbs 
et al). 1992;166:1515-28 (Curr. cev.) | 

Severe anti-C hemolytic disease of the newborn (Bowman 
et al). 1992:166:1239-43 ; 


What is the prognosis for congenital cytomegalovirus m- 


fection? (Binder). 1992;166:1591 (Letter) 
` Pregnancy complications, neoplastic 
Anticancer drugs during pregnancy: Are we able to discerd 
them? (Kim et al) (Letter); (van der Zee et al) (Rep y). 
1992;166:265-6 | | 
Fatal maternal laryngeal papillomatosis in pregnancy: a case 
report (Helmrich et al). 1992;166:524-5 


Maternal and fetal outcome after breast cancer in pregnancy 


(Zemlickis et al). 1992;166: 781- a 
‘Pregnancy in adolescence 
Is trichomoniasis often associated with bacterial vaginosis 
in pregnant adolescents? (James et vey 1992;166:&59- 
63 
Pregnancy in diabetes 
The Diabetes in Early Pregnancy Say changes in choles- 
terol, triglycerides, body weight, and blood pressure (Pe- 
terson et al). 1992;166:513-8 
_ Fetal polycythemia and thrombocytopenia in pregnancies 
complicated by maternal diabetes mellitus Cano et al). 
1992;166:1287-92 
Impairment of counterregulatory hormone responses td hy- 
poglycemia in pregnant women with insulin-deperdent 
‘diabetes mellitus (Diamond et al). 1992;166:70-7 
Infertility and pregnancy outcome in an unselected group 
of women with insulin-dependent diabetes mellitus (jaer 
et al). 1992;166:1412-8 
- Maternal glucose intolerance and the subcutaneous terbu- 
~ taline pump (Lindenbaum. et al). 1992;166:925-8 
Progression of diabetic retinopathy in pregnancy: associa- 
tion with hypertension in pregnancy (Rosenn, et al). 
1992; 166:1214-8 ; 
Pregnancy: maintenance 
Diagnosis of cervical change in pieun by means of trans- 
vaginal ultrasonography (Joffe et al). 1992;166: 896-900 
Erythromycin therapy in preterm premature rupture of the 
membranes: a prospective, randomized trial of 220 pa- 
tients (Mercer et al). 1992; 166:794-802 
Pregnancy outcome 
Drug use or inadequate prenatal care? Adverse pregnancy 
outcome in an urban setting eee et al). 
1992; 166:1747-56 
‘Early amniocentesis: outcome, risks, and technical problems 
at =12.8 weeks (Hanson et al). 1992;166:1707-11 
Eclampsia. VII. Pregnancy outcome after eclampsia and 
- long-term prognosis (Sibai et al). 1992;166:1757-63 
Elective induction versus spontaneous labor: a retrospective 
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study of complications and outcome (Macer et al). 
1992;166:1690-7 
Impact of histocompatibility antigens on pregnancy out- 
come (Eroglu et al). 1992;166:1354-9 
Infertility and endometriosis: comparison of pregnancy out- 
cemes with laparotomy versus laparoscopic techniques 
(Gant). 1992;166:1072-81 
Infertility and pregnancy outcome in an unselected group 
of women with insulin-dependen: diabetes mellitus (Kjaer 
et al). 1992;166:1412-8 
Maternal. phenylketonuria collaborative study, obstetric as- 
pects and outcome: the first 6 years (Platt et al). 
1992; 166:1150-62 
Rates and outcomes of planned pregnancy after use of Nor- 
plant capsules, Norplant II rods, or levonorgestrel-re- 
leasing or copper TCu 380Ag intrauterine contraceptive 
devices (Sivin et al). 1992;166:1208-13 
Reproductive outcome in women with recurrent sponta- 
neous abortions of alloimmune and autoimmune causes: 
preconception versus postconception treatment (Kwak 
et al). 1992;166:1787-98 
Unexplained elevated maternal serum a- fetoprotein i Is not 
predictive of adverse perinata. outcome in an indigent 
urban population (Phillips et a1). 1992;166:973-82 
Pregnancy proteins _ 
Transforming growth factor-a and epidermal owi factor 
-messenger ribonucleic acid and protein levels in human 
placentas from early, mid, and late gestation (Bissonnette 
© et al). 1992;166:192-9 
Pregnancy tests. 
A model-based prediction for transvaginal ultrasonographic 
identification: of early intrauterine pregnancy (Shapiro 
et al). 1992;166:1495-500 ' 
Pregnancy trimester, first 
Changes in human platelet angiotensin II Hodie sites as- 
sociated , with ` eariy pregnancy [Baker et al). 1992;166: 
255-6 
‘Embryoscopy: a closer look at E diagnosis 
and treatment (Reece et al). 1992;166:775-80 (Clin. 
opinion) 
Intracerebral, aortic, and umbilical: artery flow velocity 
- waveforms in the late-first-trimester fetus (Wladimiroff 
et al). 1992;166:46-9 
Pregnancy trimester, second 
Maternal serum a-fetoprotein, B-human chorionic gonad- 
otropin, and unconjugated estriol levels in midtrimester 
trisomy 18 pregnancies (Greenberg et al). 1992; 166:1388- ° 
92 
Renal dutoregulation in midterm and late-pregnant rats 
(Reckelhoff et al). 1992;166:1546-50 
Therapeutic amniocentesis in twin-twin transfusion syn- 
drome appearing in the second trimester of pregnancy 
(Saunders et al). 1992;166:820-4 
Pregnancy trimester, third 
Renal autoregulation in midterm and iaceepic aunt rats 
(Reckelhoff et al). 1992;166:1546-50 
Premature labor; see Labor, premature 
Premature rupture of membranes; see Fetal membranes, pre- 
mature rupture 
Prenatal care 


Drug use or inadequate preratal care? Adverse pregnancy - 
~outcome:in dn urban setting (Broekhuizen et al). 


1992; 166:1747-56 
Routine urine drug screening at the first prenatal visit (Col- 
morgen et al). 1992;166:538-90 
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Suffer the little children: presidential address (Young- 
blood). 1992;166:1712-6 

Training obstetric and family practice residents to give 
smoking cessation advice during prenatal care (Secker- 
Walker et al). 1992; 166:1356-63 

Prenatal diagnosis; see also Ultrasonography, prenatal 

Chorionic villus sampling for fetal Rh typing: clinical im- 
plications (Kickler et al). 1992;166:1407-11 

Early amniocentesis: outcome, risks, and technical problems 
at =12.8 weeks (Hanson et al). 1992;166:1707-11] 

Embryoscopy: a closer look at first-trimester diagnosis and 
treatment (Reece et al). 1992;166:775-80 (Clin. opinion) 

Fetal echocardiography: accuracy and limitations in a pop- 
ulation at high and low risk for heart defects (Bromley 
et al). 1992;166:1473-81 

Fetal urine biochemistry in the assessment of obstructive 
uropathy (Nicolaides et al). 1992; 166:932-7 

First report: telemetry-assisted ambulatory nonstress test 
(Collins). 1992;166:1020-1 (Letter) 

Magnetic cell sorting and the transferrin receptor as poten- 
tial means of prenatal diagnosis from maternal blood 
(Ganshirt-Ahlert et al). 1992;166:1350-5 

Maternal serum a-fetoprotein, B-human chorionic gonad- 
otropin, and unconjugated estriol levels in midtrimester 
trisomy 18 pregnancies (Greenberg et al). 1992;166:1388- 
92 

Percutaneous umbilical blood sampling: results from a mul- 
ticenter collaborative registry (Hickok et al). 1992; 
166:1614-8 

Prenatal diagnosis of autosomal recessive polycystic kidney 
disease: variable outcome within one family (Barth et al). 
1992; 166:560-7 

Prenatal diagnosis of fetal cytomegalovirus infection (Lamy 
et al). 1992;166:91-4 

Prognosis in fetal diaphragmatic hernia (Sharland et al). 
1992; 166:9-13 

Receiver-operator characteristic, efficiency analysis, and 
predictive value of serum progesterone concentration as 
a test for abnormal gestations (Cowan et al). 1992; 
166:1729-37 

Serial thoracic versus abdominal circumference ratios for 
the prediction of pulmonary hypoplasia in premature 
rupture of the membranes remote from term (D’Alton 
et al). 1992;166:658-63 

What is the prognosis for congenital cytomegalovirus in- 
fection? (Binder). 1992;166:1591 (Letter) 

Prepubertal girl; see Child 
Presidential address 

Presidential address. 1992;166:1595-6, 1712-6 
Preterm infant; see Infant, premature 
Preterm labor; see Labor, premature 
Progestational hormones 

The benefits and risks of hormone replacement therapy: an 
epidemiologic overview (Harlap). 1992;166:1986-92 

Clinical and metabolic considerations of long-term oral con- 
traceptive use (Godsland et al). 1992;166:1955-63 

Comparison of transdermal and oral estrogen/ progestin re- 
placement therapy: effects on serum lipids and lipopro- 
teins (Crook et al). 1992;166:950-5 

The effect of sex steroids on the skeleton in premenopausal 
women (Lindsay). 1992;166:1993-6 

The efficacy and tolerability of norgestimate/ethinyl estra- 
diol (250 pg of norgestimate/35 ug of ethinyl estradiol): 
results of an open, multicenter study of 59,701 women 
(Runnebaum et al). 1992;166:1963-8 
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Hormone treatment of endometriosis: the estrogen thresh- 
‘old hypothesis (Barbieri). 1992; 166:740-5 
Introduction to steroids in the menopause (Samsioe). 
1992;166:1980-5 
Norgestimate: a clinical overview of a new progestin (Brin- 
ger). 1992;166:1969-77 
Prolonged effects of a novel, low-dosage continuous pro- 
gestin—cyclic estrogen replacement program in post- 
menopausal women (Plunkett and Wolfe). 1992; 166:117- 
21 
The role of progestins in hormone replacement therapy. 
(Lobo). 1992;156:1997-2004 
Progesterone 
The blood pressure response to infusions of angiotensin II 
during normal pregnancy: relation to plasma angiotensin 
II concentration, serum progesterone level, and mean 
platelet volume (Ito et al). 1992;166:1249-53 
Gonadotropin and ovarian hormone dynamics in luteal 
phase defects (Alexander et al). 1992;166:652-7 
In the rhesus monkey placental retention after fetectomy 
at 121 to 130 days’ gestation outlasts the normal dura- 
tion of pregnancy (Nathanielsz et al). 1992;166:1529- 
35 
Laboratory and clinical comparison of a rapid versus a clas- 
sic progesterone radioimmunoassay for use in determin- 
ing abnormal and ectopic pregnancies (Peterson et al). 
1992;166:562-6 
Natural killer cell activity from pregnant subjects is mod- 
-ulated by RU 486 (Hansen et al). 1992;166:87-90 
Receiver-operator characteristic, efficiency analysis, and 
predictive value of serum progesterone concentration as 
a test for abnormal gestations (Cowan et al). 1992; 
166:1729-37 
Use of urinary luteinizing hormone immunoassays in the 
assessment of luteal function in infertile women (Corsan 
et al). 1992;166:41-6 
Progestin; see Progestational hormones 
Prostacyclin; sce Epoprostenol 
Prostaglandin E2; see Dinoprostone 
Prostaglandins 
The effects of glycemia on breathing movements and 
plasma prostaglar.din E concentrations in the sheep fetus 
(Fowden et al). 1992;166:713-9 
The mechanisms of preterm labor: common genital tract 
pathogens do not metabolize arachidonic acid to prosta- 
glandins or to other eicosanoids (Bennett and Elder). 
1992;166:1541-5 
Prostaglandin- or endotheltum-mediated vasodilation is not 
involved in the blunted responses of blood vessels to va- 
soconstrictors in pregnant rats (St-Louis and Sicotte). 
1992; 166:684-92 
Role of prostaglandins in the metabolic responses of the 
fetus to hypoxia (Hooper et al). 1992;166:1568-75 
Protease inhibitors 
Direct inhibition of proteases and cervical plasminogen ac- 
tivator by antibiotics (Milwidsky et al). 1992;166:606-12 
Protein levels in placenta; see Pregnancy proteins 
Proto-oncogenes 
Both 178-estradiol and tamoxifen induce c-fos messenger 
ribonucleic acid expression in human endometrial carci- 
noma grown in nude mice (Sakakibara et al). 
1992; 166:206-12 
Puerperium 
Postpartum paravaginal hematoma and lower-extremity in- 
fection (Chatwani et al). 1992;166:598-600 i 
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Pulsatile infusions; see Infusions, intravenous 
Pump, infusion; see Infusion pumps 
Purpura, thrombotic thrombocytopenic 
Familial occurrence of thrombotic thrombocytopenic pur- 
pura in two sisters during pregnancy (Wiznitzer et al). 
1992;166:20-1 
Pyridoxine 
Successive pregnancies complicated by idiopathic siderc- 
blastic anemia (Barton et al). 1992;166:576-7 


Q 
Quality of life 
Nafarelin in the management of endometriosis: quality of 
life assessment (Burry). 1992;166:735-9 
Questionnaires 
Attitudes toward reproduction in a nonpatient popanuen 
(Wikman et al). 1992;166:121-6 


R 


Racial factors 
Hospitalization for pregnancy complications, United States, 
1986 and 1987 (Franks et al). 1992;166:1339-44 
Radiation 
Early menopause in long-term survivors of cancer during 
adolescence (Byrne et al). 1992;166:788-93 
Radioimmunoassay 
Immunoreactive circulating endothelin-1 in normal and Ay- 
pertensive pregnancies (Schiff et al). 1992;166:624-8 
Laboratory and clinical comparison of a rapid versus a cas- 
sic progesterone radioimmunoassay for use in determin- 
ing abnormal and ectopic pregnancies (Peterson et al). 
1992;166:562-6 
Rape 
Colposcopy to establish physical findings in rape victims 
(Slaughter and Brown). 1992;166:83-6 
Receiver-operator characteristic; see ROC curve 
Receptors, angiotensin 
Changes in human platelet angictensin II binding sites as- 
sociated with early pregnancy (Baker ‘et al). 1992;166: 
255-6 
Receptors, epidermal growth factor-urogastrone 
Epidermal growth factor receptor expression in cervical in- 
traepithelial neoplasia (Mittal). 1992;166:1593 (Letter) 
Receptors, estrogen 
Functional analysis of a mutant estrogen receptor iso_aied 
irom T47Dco breast cancer cells (Leshe et al). 1992; 
166:1053-61 
Receptors, steroid 
Steroids receptors in the endometrium during clomiphene 
citrate treatment (Shabib and Pittrof ) (Letter); (Fritz: (Re- 
' ply). 1992; 166:1866-7 
Receptors, transferrin 
Magnetic cell sorting and the transferrin receptor as poten- 
tial means of prenatal diagnosis from maternal Jlood 
(Ganshirt-Ahlert et al). 1992;166:1350-5 
Recurrent spontaneous abortion; see Abortion, habitual 
Regional blood flow 
Low-dose infusion of atrial natriuretic peptide in the 
conscious guinea pig increases blood flow to the pla- 
centa of growth-retarded fetuses (Jansson). 1992;166: 
213-8 
Registries 
' Percutaneous umbilical blood sampling: results from a mul- 
ticenter collaborative registry (Hickok et al). 1992; 
166:1614-8 
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Regression analysis 
Composite assessment of gestational age: a comparison of 
institutionally derived and published regression equations 
(Hill et al). 1992;166:551-5 
Relaxation 
Intravenous nitroglycerin for uterine relaxation of an in- 
verted uterus (Altabef et al). 1992;166:1237-8 
Religion 
Abortion or motherhood, suicide and madness (Ryan). 
1992;166:1029-36 
Remission, spontaneous 
Transient severe unilateral and subsequent bilateral pri- 
mary fetal hydrothorax with spontaneous resolution at 34 
weeks’ gestation associated with normal neonatal outcome 
(Sherer et al). 1992;166:169-70 
Renal circulation 
Renal autoregulation in midterm and late-pregnant rats 
(Reckelhoff et al), 1992;166:1546-50 
Renal impairment; see Kidney diseases 
Renin-angiotensin system 
Changes in human platelet angiotensin II binding sites as- 
sociated with early pregnancy (Baker et al). 1992;166: 
255-6 
Reproduction 
Attitudes toward reproduction in a nonpatient population 
(Wikman et al). 1992;166:121-6 
Contraceptive prevalence, reproductive health, and inter- 
national morality (Diczfalusy). 1992;166:1037-43 
Research 
The issue of animal rights and human rights (Heller). 
1992;166:1588-9 (Letter) 
Residency; see Internship and residency 
Respiratory distress syndrome 
Neonatal morbidity according to gestational age and birth 
weight from five tertiary care centers in the United States, 
1983 through 1986 (Robertson et al). 1992;156:1629-45 
Prediction of respiratory distress syndrome by a new col- 
orimetric assay (Almog et al). 1992;166:1827-34 
A randomized, placebo-controlled trial of betamethasone 
for the prevention of respiratory distress syndrome at 24 
to 28 weeks’ gestation (Garite et al). 1992;166:646-51 
Retropubic cystourethropexy; see Cystourethropexy 
RH-HR blood-group system 
Chorionic villus sampling for fetal Rh typing: clinical im- 
plications (Kickler et al). 1992;166:1407-11 
Derivation of new mathematic formulas for determining 
whether a D-positive father is heterozygous or homozy- 
gous for the D antigen (Kanter). 1992; 166:61-3 
Rh isoimmunization 
Derivation of new mathematic formulas for determining 
whether a D-positive father is heterozygous or homozy- 
gous for the D antigen (Kanter). 1992;166:61-3 
Percutaneous umbilical blood sampling: results from a mul- 
ticenter collaborative registry (Hickok et al). 1992; 
166:1614-8 
Ribonucleic acid, messenger; see RNA, messenger 
RNA, messenger 
Both 178-estradiol and tamoxifen induce c-fos messenger 
ribonucleic acid expression in human endometrial carci- 
noma grown in nude mice (Sakakibara et al). 
1992; 166:206-12 
Transforming growth factor-a and epidermal growth factor 
messenger ritonucleic acid and protein levels in human 
placentas from early, mid, and late gestation (Bissonneus 
et al). 1992;166:192-9 
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ROC curve 
Receiver-operator characteristic, efficiency analysis, and 
predictive value of serum progesterone concentration as 
a test for abnormal gestations (Cowan et al). 1992; 
166:1729-37 
Roster 
Roster. 1992;166:270-1 
RU-486; see Mifepristone 


Sacroiliac joint 
An integrated therapy for peripartum pelvic instability: a 
study of the biomechanical effects of pelvic belts (Vleem- 
ing et al). 1992;166:1243-7 
Sacrospinous ligament; see Ligaments 
Salpingitis 
Pelvic inflammatory disease: trends in hospitalizations and 
office visits, 1979 through 1988 (Rolfs et al). 1992; 
166:983-90 
Schools, medical 
Leadership qualities of obstetrics and gynecology depart- 
ment chairmen of United States medical schools (Bates 
and Blackhurst). 1992;166:1102-16 
Screening; see Mass screening 
Scrotum 
Prenatal ultrasonographic diagnosis of fetal scrotal inguinal 
hernia (Meizner et al). 1992;166:907-9 
Second-look laparotomy; see Laparotomy 
Second trimester of pregnancy; see Pregnancy trimester, 
second 
Seizures 
Anticonvulsant effects of magnesium sulfate on hippocam- 
pal seizures: therapeutic implications in preeclampsia- 
eclampsia (Cotton et al). 1992;166:1127-36 
Selection bias 
Selection bias in in vitro fertilization programs (Hershlag 
et al). 1992;166:1-3 (Clin. opinion) 
Semen preservation 
Therapeutic donor insemination: a prospective randomized 
trial of fresh versus frozen sperm aes et al). 
1992; 166:1597-606 
Sensitization 
Enhanced sensitization after cordocentesis (Weiner) (Let- 
ter); (MacGregor et al) (Reply). 1992;166:1309-10 
Septicemia 
The effect of fetal sepsis on umbilical cord gases (Meyer 
et al). 1992;166:612-7 
Sex determination 
Analysis of peripheral blood of pregnant women for the 
presence of fetal Y chromosome-specific ZFY gene de- 
oxyribonucleic acid sequences (Kao et al). °1992;166: 
1013-9 
Sex selection and early pregnancy fetal sex determination: 
ethics and personal freedom of choice (Stephens) (Lerter); 
(Evans and Fletcher) (Reply). 1992;166:1024-5 
Sex preselection 
Sex selection and early pregnancy fetal sex determination: 
ethics and personal freedom of choice (Stephens) (Letter); 
(Evans and Fletcher) (Reply). 1992;166:1024-5 
Sex steroids; see Steroids 
Short umbilical cord; see Umbilical cord, abnormalities 
Shoulder 
Brachial plexus palsy: an old problem revisited (Jennett 
et al). 1992;166:1673-7 
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Skin patches; see Administration, cutaneous 
Small-for-gestational-age infant; see Infant, small for gesta- 
tional age - 
Smoking . 
- The effect of benzo(a)pyrene on murine ovarian and cor- 
pora lutea volumes (Miller et al). 1992;166:1535-41 
A reevaluation of estrogen status In postmenopausal women 
who smoke (Cassidenti et al). 1992;166:1444-8 
Training obstetric and family practice residents to give 
smoking cessation advice during prenatal care (Secker- 
Walker et al). 1992;166:1356-63 
Smooth muscle; see Muscle, smooth 
Society of Perinatal Obstetricians | 
12th annual meeting of the Society of Perinatal Obstetri- 
cians. 1992;166:273-478 
Spectroscopy; see Spectrum analysis 
Spectrum analysis ` 
Changes in human fetal cerebral hemoglobin concentration 
and oxygenation during labor measured by near-infrared 
spectroscopy (Peebles et al). 1992;166:1369-73 
Spermatozoa 
Criteria for the diagnosis of infertility (Kessopoulou et al) 
(Letter); (Aitken) (Reply). 1992;166:264-5 
Therapeutic donor insemination: a prospective randomized 
trial of fresh versus frozen Pa (Subak et al). 
1992; 166:1597-606 
Spina bifida 
The California Maternal Serum a-Fetoprotein Screening 
Program: the role of ultrasonography in the detection of 
spina bifida (Platt et al). 1992;166:1328-9 
Spontaneous abortion; see Abortion 
Spontaneous abortion, recurrent; sce Abortion, habitual 
Spontaneous remission; sce Remission, spontaneous 
Sports 
Vaginal injury resulting from sliding down a water chute 
(Niv et al). 1992;166:930-1 
Stage IB carcinoma; see Carcinoma 
Stains and staining 
Characteristics of three vaginal flora patterns assessed by 
Gram stain among pregnant- women (Hillier et al). 
1992; 166:938-44 | 
Stapling device; see Surgical Sepie 
Sterilization, tubal 
Tubal sterilization and risk of e hospital admission 
for menstrual disorders (Shy et al). 1992;166:1698-706 
Sternum 
Prenatal EE A findings associated with wide 
-` clefting of the upper two thirds of the fetal sternum (Ma- 
hone et al). 1992;166:1219-21 
Steroid receptors; see Receptors, steroid 
Steroid replacement therapy; see Estrogen replacement 
therapy ` | 
Steroids 
‘The benefits and risks of hormone replacement therapy: an 
epidemiologic overview (Harlap). 1992;166:1986-92 
Clinical and metabolic considerations of long-term oral con- 
traceptive use (Godsland et al). 1992;166:1955-63 
The effect of sex steroids on the skeleton in premenopausal 
women (Lindsay). 1992;166:1993-6 
The efficacy-and tolerability of norgestimate/ethinyl estra- 
diol (250 wg of norgestimate/35 wg of ethinyl estradiol): 
results of an open, multicenter study of 59,701 women 
(Runnebaum et al). 1992;166:1963-8 
Introduction to steroids in the menopause (Samsioe). 
1992; 166:1980-5 
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Steroids—cont’d 

Norgestimate: a clinical overview of a new progestin (Brin- 
ger). 1992;166:1969-77 : 

The role of progestins in hormcne replacement therapy 
(Lobo). 1992; 166:1997-2004 

The safety of oral contraceptives: epidemiologic insights 
from the first 30 years (Grimes: 1992; 166:1950-4 

Steroids from menarche to menopause: introduction (M.sh- 
ell). 1992;166:1949 

Streptococcus agalactiae 

Preterm premature rupture of membranes: results of ex- 
pectant management in patients with cervical cultures 
positive for group B streptococcus or Neisseria gonorrhoeae 
(Maxwell and Watson). 1992;166:945-9 

Stress 

Elevated plasma Met-enkephalin levels in the human r.ew- 
born are a poor indicator of perinatal stress (Martinez 
et al). 1992;166:1429-35 

Stromal enzyme; see Enzymes 
Subcutaneous pump; see Infusion >umps 
Subendocardial ischemia; see Ischemia 
Substance abuse 

Drug use or inadequate prenatal care? Adverse pregnancy 
outcome in an urban setting (Broekhuizen et al). 
1992;166:1747-56 

Routine urine drug screening at the first prenatal visit 1Col- 
morgen et al). 1992;166:588-90 

Substance P 

Substance P in peritoneal fluid (Sanfilippo et al). 1992; 
166:155-9 

surface-active agents 

Effects of antenatal thyrotropin-releasing hormone, anten- 
atal corticosteroids, and postr.atal ventilation on surfac- 
tant mobilization in premature rabbits (Seidner et al). 
1992;166:1551-9 

Surgery, operative 

The cavitational ultrasonic surgical aspirator for cytore- 
duction in advanced ovarian cancer (Rose). 1992;166: 
843-6 

Meta-analysis of surgery in advanced ovarian carcinoma: Is 
maximum cytoreductive surgery an independent 
determinant of prognosis? “Hunter et al). 1992;166: 
504-1] 

Surgical staplers 

Benefits of cesarean section stapling device understated? 
(Martens). 1992;166:266-7 (Letter) 

The uterine stapling device for cesarean section: a positive 
view (Pelosi and Pelosi) (Letter); (Villeneuve et al) (Reply). 
1992; 166:267-8 

Survival 

Advanced epithelial ovarian carcinoma: long-term survival 
experience at the community hospital (Unzelman). 
1992; 166: 1663-72 


T 


T wave; see Electrocardiography 
Tachycardia, supraventricular 
Treatment of fetal supraventricular tachycardia with fle- 
cainide acetate after digoxin failure (Mills) (Letter1; (Ko- 
finas) (Reply). 1992;166:1863 
Tamoxifen 
Both 178-estradiol and tamoxifen induce c-fos messenger 
ribonucleic acid expression in human endometria. carci- 
noma grown in nude mice (Sakakibara et al). 1992; 
166:206-12 
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Rapid growth of leiomyoma in patient receiving tamoxifen 

(Dilts et al). 1992;166:167-8 
Teaching 

Leadership qualities of obstetrics and gynecology depart- 
ment chairmen of United States medical schools (Bates 
and Blackhurst). 1992;166:1102-16 

Technology 

Frontiers of operative laparoscopy: a review and critique of 
the evidence (Grimes). 1992;166:1062-71 

Infertility and endometriosis: comparison of pregnancy out- 
comes with laparotomy versus laparoscopic techniques 
(Gant). 1992;166:1072-8] 

The need for technology assessment m the reproductive 
sciences (McDonough). 1992; 166:1082-90 

Telemetry 

First report: telemetry-assisted ambulatory nonstress test 

(Collins). 1992;166:1020-1 (Letter) 
Teratogens : 

Anticancer drugs during pregnancy: Are we able to discard 
them? (Kim et al) (Letter); (van der Zee et al) (Reply). 
1992; 166:265-6 

Periconceptional exposure to topical 5-fluorouracil (Otaño 
et al) (Letter); (Plouffe et al) (Reply). 1992;166:263-4 

Terbutaline 

Influence of terbutaline on ovine uterine response to pros- 
taglandin E, challenge (Reid et al). 1992;166:231-5 

Maternal glucose intolerance and the subcutaneous terbu- 
taline pump (Lindenbaum et al). 1999; 166:925-8 

Three-dimensional ultrasonography; see Ultrasonography 
Thrombocytopenia | 

A]loimmune thrombocytopenia may be associated with sys- 
temic disease (Kay et al). 1992;166:110-1 

Fetal polycythemia and thrombocytopenia in pregnancies 
complicated by maternal diabetes mellitus (Salvesen et al). 
1992;166:1287-92 

May-Hegglin anomaly: a rare case of maternal thrombo- 
cytopenia in pregnancy (Chatwani et al). 1992;166:143-4 

The natural history of thrombocytopenia associated with 
preeclampsia (Catanzarite). 1992;166:770-1 (Letter) 

Thrombocytosis | 
The clinical significance of thrombocytosis in women pre- 
senting with a pelvic mass (Chalas et al). 1992;166:974-7 
Thrombotic thrombocytopenic purpura; see Purpura, throm- 
botic thrombocytopenic 
Thromboxanes 

Attenuation of the vasoconstrictor effects of thromboxane 
and endothelin by nitric oxide in the human fetal-pla- 
cental circulation (Myatt et al). 1992; 166:224-30 

Endothelium-derived relaxing factor and indomethacin- 
sensitive contracting factor alter arterial contractile re- 
sponses to thromboxane during pregnancy (Weiner et al). 
1992;166:1171-81 

Urinary excretion of prostacyclin and thromboxane metab- 
olites in threatened preterm labor: effect of indomethacin 
and nylidrin (Kurki et al). 1992;166:150-4 

Thyrotropin-releasing hormone 

Effects of antenatal thyrotropin-releasing hormone, anten- 
atal corticosteroids, and postnatal ventilation on surfac- 
tant mobilization in premature rabbits (Seidner et al). 
1992;166:1551-9 

Tissue transplantation 
` Omental graft made simple (Petty). 1992;166:1591 (Letter) 
Tocolysis 

Influence of terbutaline on ovine uterine response to pros- 

taglandin E, challenge (Reid et al). 1992;166:231-5 
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Maternal glucose intolerance and the subcutaneous terbu- 
taline pump (Lindenbaum et al). 1992;166:925-8 
Oral magnesium and the prevention of preterm labor in a 
high-risk group of patients (Martin et al). 1392;166: 
144-7 
Transient symptomatic subendocardial ischemia during in- 
travenous magnesium sulfate tocolytic therapy (Sherer 
et al). 1992;166:33-5 
Urinary excretion of prostacyclin and thromboxare metab- 
olites in threatened preterm labor: effect of indomethacin 
and nylidrin (Kurki et al). 1992; 166:150-4 
Tocolytic therapy; see Tocolysis 
Training; see Education 
Transactions 
Transactions of the fifty-eighth annual meeting oF the Pa- 
cific Coast Obstetrical and Gynecological Socie-y. 1992; 
166:1595-711 
Transactions of the fifty-ninth annual meeting of zhe Cen- 
tral Association of Obstetricians and Gyne-ologists. 
1992;166:1712-62 
Transactions of the tenth annual meeting of the 4 merican 
Gynecological and Obstetrical Society. 1992;156:1029- 
207 
Transcervical embryo transfer; see Embryo transfer 
Transdermal administration; see Administration, cutaneous 
Transferrin receptors; see Receptors, transferrin 
Transforming growth factor alpha 
Transforming growth factor-a and epidermal growth factor 
messenger ribonucleic acid and protein levels ir. human 
placentas from early, mid, and late gestation (Bissonnette 
et al). 1992;166:192-9 
Transforming growth factor beta 
Regulation of growth of normal ovarian epithelial zells and 
ovarian cancer cell lines by transforming growta factor- 
R (Berchuck et al). 1992;166:676-84 
Transplacental transmission; see Placenta 
Trichomonas infections 
Is trichomoniasis often associated with bacterial vaginosis 
in pregnant adolescents? (James et al). 1992;_66:859- 


Trichomonas vaginalis 
Vaginal Po; in healthy women and in women infected with 
Trichomonas vaginalis: potential implications for metroni- 
dazole therapy (Rashad et al). 1992;166:620-4 
Tricuspid valve 
Normal fetal Doppler inferior vena cava, transtricuspid, and 
umbilical artery flow velocity waveforms betweer 1] and 
16 weeks’ gestation (Wladimiroff et al). 1992; 165:921-4 
Triglycerides 
Comparison of transdermal and oral estrogen/ progestin re- 
placement therapy: effects on serum lipids and -ipopro- 
teins (Crook et al). 1992;166:950-5 
The Diabetes in Early Pregnancy Study: changes ir choles- 
terol, triglycerides, body weight, and blood pressure (Pe- 
` terson et.al). 1992;166:513-8 
Prolonged effects of a novel, low-dosage continucus pro- 
gestin—cyclic estrogen replacement program in post- 
menopausal women (Plunkett and Wolfe). 1992; 66:117- 
21 
Triplets 
Actocardiotocographic monitoring of triplets during vagi- 
nal delivery (van Eyck and Arabin). 1992;166:1203-4 
Triplet pregnancy involving complete hydatidiform mole 
and two fetuses: genetic analysis by deoxyribonuceic acid 
fingerprint (Azuma et al). 1992;166:664-7 
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Trisomy 
Bilateral choroid plexus cysts in trisomy 21 (Rotmensch 
et al). 1992;166:591-2 
Maternal serum a-fetoprotein, B-human chorionic gonad- 
otropin, and unconjugated estriol levels in midtrimester 
trisomy 18 pregnancies (Greenberg et al). 1992; 166:1388- 
92 
Ultrasonographic screening for trisomy 21 (Bernstein) (Let- 
ter); (Lockwood et al) (Reply). 1992;166:1591 
Trophoblast 
Evidence of embryo- and trophoblast-toxic cellular immune 
response(s) in women with recurrent spontaneous abor- 
tion (Hill et al). 1992;166:1044-52 
Tubal pregnancy; see Pregnancy, tubal 
Tubal sterilization; see Sterilization, tubal 
Tumor necrosis factor 
Stimulation of ovarian tumor cell proliferation with mono- 
cyte products, including interleukin-a, interleukin-6, and 
tumor necrosis factor-a (Wu et al). 1992;166:997-1007 
Tumor necrosis factor in preterm and term labor (Romero 
et al). 1992;166:1576-87 
Twin-twin transfusion syndrome; see Fetofetal transfusion 
Twins 
Breech extraction of low-birth-weight second twins: Can 
cesarean section be justified? (Davison et al). 1992; 
166:497-502 
Triplet pregnancy involving complete hydatidiform mole 
and two fetuses: genetic analysis by deoxyribonucleic acid 
fingerprint (Azuma et al). 1992;166:664-7 
The Zavanelli maneuver applied to locked twins (Swartjes 
et al). 1992;166:532 


U 


Ultrasonography 

The cavitational ultrasonic surgical aspirator for cytore- 
duction in advanced ovarian cancer (Rose). 1992;166: 
843-6 

Increasing use of gynecologic ultrasonography (Goldstein) 
(Letter); (Willson) (Reply). 1992;166:1310-1 

Ovarian cancer screening (Gosink) (Letter); (Creasman and 
DiSaia) (Reply). 1992;166:1591-3 

Transvaginal ultrasonographic quantitative assessment of 
accumulated cul-de-sac fluid (Rosen et al). 1992;166: 
542-4 

Ultrasonography, prenatal; see also Prenatal diagnosis 

The California Maternal Serum a-Fetoprotein Screening 

Program: the role of ultrasonography in the detection of 
‘spina bifida (Platt et al). 1992; 166:1328-9 

Comment on fetal breathing movements after premature 
rupture of membranes (Kivikoski and Amon) (Letter); 
(Roberts) (Reply). 1992;166:770 

Comparison of dynamic image and pulsed Doppler ultra- 
sonography for the diagnosis of the small-for-gestational- 
age fetus (Miller and Gabert). 1992;166:1820-6 

Comprehensive fetal assessment with three ultrasono- 
graphic characteristics (James et al). 1992;166:1486-95 

Diagnosis of cervical change in pregnancy by means of trans- 
vaginal ultrasonography (Joffe et al). 1992;166:896-900 

Doppler ultrasonographic features of the developing pla- 
cental circulation: correlation with anatomic findings 
(Jauniaux et al). 1992;166:585-7 

Emergency room use of transvaginal ultrasonography by 
obstetrics and gynecology residents (Timor-Tritsch et al). 
1992; 166:866-72 
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Ultrasonography, prenatal—cont’d 

Fetal humeral length to detect Down syndrome (Rotmensch 
et al). 1992;166:1330-4 

The frequency of breech presentation by gestational age at 
birth: a large population-based study (Hickok et al). 
1992;166:851-2 

Intracerebral, aortic, and umbilical artery flow velocity 
waveforms in the late-first-trimester fetus (Wladimtiroff 
et al). 1992;166:46-9 

Mechanism of recurrent spontaneous abortion. 1. Ultrason- 
ographic findings (Stern and Coulam). 1992;166:1344- 
52 

A model-based prediction for transvaginal ultrasonographic 
identification of early intrauterine pregnancy (Shapiro 
et al). 1992;166:1495-500 

Normal fetal Doppler inferior vena cava, transtricuspid, and 
umbilical artery flow velocity waveforms betweer: 11 
and 16 weeks’ gestation (Wladimiroff et al). 1992;166: 
921-4 

Prenatal ultrasonographic diagnosis of fetal scrotal inguinal 
hernia (Meizner et al). 1992;166:907-9 

Prenatal ultrasonographic findings associated with wide 
clefting of the upper two thirds of the fetal sternum {Ma- 
hone et al). 1992;166:1219-21 

The primary application of three-dimensional ultrasanog- 
raphy in obstetrics (Kuo et al) 1992;166:880-6 

The tip of the iceberg and the best fit in ultrasonographic 
dating of pregnancy (Rossavik) (Letter); (Goldstein) (Re- 
ply). 1992;166:1867-8 

Transabdominal chorionic villus sampling: a modified free- 
hand ultrasonographically guided technique (Hill and 
Laifer). 1992;166:512 

Ultrasonographic dating of pregnancy causes significant er- 
rors in Down syndrome risk assessment that may be min- 
imized by use of biparietal diameter~based means :Rey- 
nolds et al). 1992:166:872-7 

Ultrasonographic screening for trisomy 21 (Bernstein) (Let- 
ter); (Lockwood et al) (Reply) 1992;166:1591 

The use of neural network for the ultrasonographic esti- 
mation cf fetal weight in the macrosomic fetus (Farmer 
et al). 1992;166:1467-72 

Uterine and umbilical fow velocity waveforms in ncrmo- 
tensive and hypertensive subjects during the angiotensin 
II sensitivity test (Erkkola and Pirhonen). 1992;166: 
910-6 

Validity of postnatal assessments of gestational age: a com- 
parison of the method of Ballard et al. and early altra- 
sonography (Alexander et al). 1992;166:891-5 

Umbilical arteries 


Applicability of the Poiseuille equation to umbilical artery ` 


velocimetry (Degani) (Letter); (Wright and Ridgway) (Re- 
ply). 1992;166:766-7 

Comprehensive fetal assessment with three ultrasono- 
graphic characteristics (James et al). 1992;166:1486- 
95 

Intracerebral, aortic, and umpilical artery flow velocity 
waveforms in the late-first-trimester fetus (Wladirniroff 
et al). 1992:166:46-9 

Normal fetal Doppler inferior vena cava, transtricuspid, and 
umbilical artery flow velocity waveforms between 11 
and 16 weeks’ gestation (Wladimiroff et al). 1992;166: 
921-4 

Umbilical artery flow velocity after vibratory acoustic stim- 
ulation (Nakamura et al) (Letter); (Gagnon et al) (Keply). 
1992;166:1865-6 
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Uterine and umbilical flow velocity waveforms in normo- 
tensive and hypertensive subjects during the angiotensin 
II sensitivity test (Erkkola and Pirhonen). 1992;166: 
910-6 
Umbilical cord 
Change in electrocardiogram T-wave amplitude during um- 
bilical cord compression is predictive of fetal condition in 
sheep (Watanabe et al). 1992;166:246-55 
The effect of fetal sepsis on umbilical cord gases (Meyer 
et al). 1992;166:612-7 
Enhanced sensitization after cordocentesis (Weiner) 
(Letter); (MacGregor et al) (Reply). 1992;166:1309- 
10 
The physiologic mechanisms of variable decelerations (Ball 
and Parer). 1992;166:1683-9 
Umbilical cord, abnormalities 
The short umbilical cord (Collins). 1992;166:268-9 
(Letter) 
Ureaplasma 
Eradication of Ureaplasma urealyticum from the amniotic 
fluid with transplacental antibiotic treatment (Romero 
et al). 1992;166:618-20 
Ureaplasma urealyticum resistance to erythromycin: con- 
firmed by clinical trial (Kundsin et al) (Letter); (Eschen- 
bach et al) (Reply): 1992; 166:1864-5 
Uric acid 
Plasma endothelin levels in preeclampsia: elevation and cor- 
relation with uric acid levels and renal impairment (Clark 
et al). 1992;16€:962-8 
Urinary incontinence 
Urinary incontinence: correlation of history and brief office 
evaluation with multichannel urodynamic testing (Sum- 
“mitt et al). 1992;166:1835-44 


Urinary tncontinence, stress 


Modified retropubic cystourethropexy II] (Goodno and 
Powers). 1992;166:1678-82 
Urinary tract, pathology 
Fetal urine biochemistry in the assessment of obstructive 
uropathy (Nicolaides et al). 1992;166:932-7 
Urine 
Fetal urine biockemistry in the assessment of obstructive 
uropathy (Nicclaides et al). 1992;166:932-7 
Routine urine drug screening at the first prenatal visit (Col- 
morgen et al). 1992;166:588-90 
Urinary excretion of prostacyclin and thromboxane metab- 
olites in threatened preterm labor: effect of indomethacin 
and nylidrin (Kurki et al). 1992;166:150-4 
Urodynamics 
Urinary incontinence: correlation of history and brief office 
evaluation with multichannel urodynamic testing (Sum- 
mitt et al). 1992;166:1835-44 
Uropathy; see Urinary tract, pathology 
Uterine arteries 
Endothelium-derived relaxing factor and indomethacin- 
sensitive contracting factor alter arterial contractile re- 
sponses to thrcmboxane during pregnancy (Weiner et al). 
1992;166:1171-81 
Lack of reactivity of uterine arteries from patients with ob- 
stetric hemorrnage (Nelson and Suresh). 1992; 166:1436- 
43 
Uterine contraction 
Changes in human fetal cerebral hemoglobin concentration 
and oxygenation during labor measured by near-infrared 
spectroscopy (Peebles et al). 1992;166:1369-73 
The presence of platelet-activating factor binding sites in 
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human myometrium and their role in uterine contraction 
(Zhu et al). 1992;166:1222-7 
Uterine diseases 
Infarction of the uterus from subacute incomplete inversion 
(Romo et al). 1992;166:878-9 
Uterine hemorrhage 
Lack of reactivity of uterine arteries from patients with ob- 
stetric hemorrhage (Nelson and Suresh). 1992; 166:1436- 
43 
Uterine neoplasms 
Accuracy of frozen-section diagnosis at surgery in clinical 
state I and II endometrial carcinoma (Shim et al). 
1992; 166:1335-8 
The benefits and risks of hormone replacement therapy: 
an epidemiologic overview (Harlap). 1992;166:1986- 
92 
Both 17f-estradiol and tamoxifen induce c-fos messenger 
ribonucleic acid expression in human endometrial carci- 
noma grown in nude mice (Sakakibara et al). 
1992; 166:206-12 
Deoxyribonucleic acid analysis by flow cytometry of uterine 
leiomyosarcomas and smooth muscle tumors of un- 
certain malignant potential (Peters et al). 1992;166: 
1646-54 
Immunohistochemical detection of the multi-drug-resis- 
tance marker P-glycoprotein in uterine cervical carcino- 
mas and normal cervical tissue (Schneider et al). 
1992; 166:825-9 
Insulin-like growth factor I and II binding in human myo- 
metrium and leiomyomas (Chandrasekhar et al). 1992; 
166:64-9 
Phase II trial of ifosfamide and mesna in leiomyosarcoma 
of the uterus: a gynecologic oncology group study (Sutton 
et al). 1992;166:556-9 
Rapid growth of leiomyoma in patient receiving tamoxifen 
(Dilts et al). 1992;166:167-8 
Treatment of uterine fibroids: current findings with 
gonadotropin-releasing hormone agonists (Adamson). 
1992;166:746-51 
Uterine prolapse 
Anatomic aspects of vaginal eversion after hysterectomy 
(DeLancey). 1992; 166:1717-28 
Uteroplacental blood flow; see Fetal blood 
Uterus 
Influence of labor and oxytocin on in vitro Jeukotriene re- 
lease by human fetal membranes and uterine decidua at 
term gestation (Pasetto et al). 1992;166:1500-6 
Intravenous nitroglycerin for uterine relaxation of an in- 
verted uterus (Altabef et al). 1992;166:1237-8 
Uterus, blood supply 
Interrelationship and clinical significance of increased re- 
sistance in the uterine arteries in patients with hyperten- 
sion or preeclampsia or both (Kofinas et al}. 1992; 
166:601-6 
Uterine and umbilical flow velocity waveforms in normo- 
tensive and hypertensive subjects during the angiotensin 


II sensitivity test (Erkkola and Pirhonen). 1992;166: 


910-6 

Venous drainage of the human uterus: respiratory gas stud- 
ies in normal and fetal growth-retarded pregnancies 
(Pardi et al). 1992;166:699-706 

Uterus, drug effects 

Influence of terbutaline on ovine uterine response to 
prostaglandin E; challenge (Reid et al). 1992;166: 
231-5 


Subject index 1947 


Uterus, injuries 
Nonsurgical management of penetrating uterine trauma in 
pregnancy: a case report (Grubb). 1992;166:583-4 


V 
Vagina 
Anatomic aspects of vaginal eversion after hysterectomy 
(DeLancey). 1992;166:1717-28 
Human vaginal leukocytes and the effects of vaginal fluid 
on lymphocyte and macrophage defense functions (Hill 
and Anderson). 1992;166:720-6 
Vagina, injuries 
Vaginal injury resulting from sliding down a water chute 
(Niv et al). 1992;166:930-1 
Vagina, surgery 
Upper vaginectomy for in situ and occult, superficially in- 
vasive carcinoma of the vagina (Hoffman et al). 
1992;166:30-3 
Vaginal birth after cesarean 
Vaginal birth after cesarean delivery: Are there useful and 
valid predictors of success or failure? (Pickhardt et al). 
1992;166:1811-9 
Vaginal delivery; see Delivery 
Vaginal neoplasms 
Upper vaginectomy for in situ and occult, superficially in- 
vasive carcinoma of the vagina (Hoffman et al). 
1992; 166:30-3 
Vaginal pessary; see Pessaries 
Vaginal radical hysterectomy; see Hysterectomy, vaginal 
Vaginal smears 
Cervical cytology: a randomized comparison of four sam- 
pling methods (McCord et al). 1992;166:1772-9 
Papanicolaou smear abnormalities in ambulatory care sites 
for women infected with the human immunodeficiency 
virus (Marte et al). 1992;166:1232-7 
Vaginectomy; see Vagina, surgery 
Vaginitis 
Characteristics of three vaginal flora patterns assessed by 
Gram stain among pregnant women (Hillier et al). 
1992; 166:938-44 
Incidence of pelvic inflammatory disease after first-trimes- 
ter legal abortion in women with bacterial vaginosis after 
treatment with metronidazole: a double-blind, random- 
ized study (Larsson et al). 1992;166:100-3 
Is trichomoniasis often associated with bacterial vaginosis in 
pregnant adolescents? (James et al). 1992;166:859-63 
Vascular resistance 
Interrelationship and clinical significance of increased re- 
sistance in the uterine arteries in patients with hyperten- 
sion or preeclampsia or both (Kofinas et al). 1992; 
166:601-6 
Vascular smooth muscle; see Muscle, smooth, vascular 
Vasoconstriction 
Attenuation of the vasoconstrictor effects of thromboxane 
and endothelin by nitric oxide in the human fetal-pla- 
cental circulation (Myatt et al). 1992;166:224-30 
No-Nitro-L-arginine, and inhibitor of nitric oxide synthesis, 
increases blood pressure in rats and reverses the preg- 
nancy-induced refractoriness to vasopressor agents (Mol- 
nar and Hertelendy). 1992; 166:1560-7 
Prostaglandin- or endothelium-mediated vasodilation is not 
involved in the blunted responses of blood vessels to va- 
soconstrictors in pregnant rats (St-Louis and Sicotte). 
1992;166:684-92 
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Vasodilation 
Prostaglandin- or endothelium-mediated vasodilation is not 
involved in the blunted responses of blood vessels to va- 
soconstrictors in pregnant rets (St-Louis and Sicotte). 
1992; 166:684-92 
Vena cava, inferior 
Inferior vena cava flow velocity waveforms in appropriate- 
and small-for-gestational-age <etuses (Rizzo et al). 1992; 
166:1271-80 
Normal fetal Doppler inferior vena cava, transtricuspid, and 
umbilical artery flow velocity waveforms between 11 and 
16 weeks’ gestation (Wladimiroff et al), 1992; 166: 921-4 
Ventilation 
Effects of antenatal thyrotropin-releasing hormone, anten- 
atal corticosteroids, and postr.atal ventilation on surfac- 
tant mobilization in premature rabbits (Seidner et al). 
1992;166:1551-9 
von Willebrand factor 


Preeclampsia, von Willebrand factor antigen, and endothe-. 


lal cells (Blann) (Letter); (Taylor et al) (Reply). 1992; 
166:769-70 
Vulvar diseases 
Necrotizing fasciitis of the vulva. (Stephenson et al). 
1992;166:1324-7 
Superficial laser vulvectomy. ‘Vv. Surgical debulking is en- 
hanced Sy adjuvant systemic interferon (Reid et al). 
1992;166:815-20 
Vulvar neoplasms 
In situ and invasive vulvar cancer incidence ery {1973 to 
1987) (Sturgeon et al). 1992;166:1482-5 
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Vulvovaginal moniliasis; see Moniliasis, vulvovaginal 


W 


Water chute 
Vaginal injury resulting from sliding down a water chute 
(Niv et al). 1992;166:930-1 
WISH cells; see Amnion 
Wounds and injuries 
Acute genital injury in the prepubertal girl ERO et al). 
1992;166:1461-6 
Nonsurgical management of penetrating uterine trauma 
in pregnancy: a case repor: (Grubb). 1992;166: 
583-4 


Y 


Y chromosome 
Analysis of peripheral blood of pregnant women for the 
presence of fetal Y chromosome—specific ZFY gene de- 
oxyribonucleic acid sequences Kao et al). 1992;166: 
1013-9 


Zavanelli maneuver 
The Zavanelli maneuver applied to locked twins (Swartjes 
et al). 1992; 166:532 
ZFY gene 
Analysis of peripheral blood of pregnant women for the 
presence of fetal Y chromosome-specific ZFY gene de- 
oxyribonucleic acid sequences ‘Kao et al). 1992;166: 
1013-9 


OBSTETRICIAN/GYNECOLOGIST 
KANSAS CITY METROPOLITAN AREA 


Exceptional opportunity exists for a 
BC/BE OB/GYN in a large, expanding 


and independent multi-specialty 
group with an excellent referral 
base. Practice is conveniently 


located close to hospitals, affordable 
luxury housing and nationally 
recognized school systems in stable 
neighborhoods. A very attractive 
and flexible incentive package is 
available. Please send Curriculum 
Vitae to: 


JOHN STORM 
51 NORTH 12TH STREET 
KANSAS CITY, KS 66102 
(913) 281-7775 
FAX (913) 281-8494 


RESIDENCY EDUCATION 
COORDINATOR 
FOR OB/GYN 


Bridgeport Hospital is a 660-bed non-profit community hospital 
and teaching facility located in picturesque Fairfield County and 
affiliated with the Yale School of Medicine. Itis accredited by JCAHO 
and the State of Connecticut and is a member of the American Hospital 
Association. The hospital is conveniently located to New Haven, 
New York City, and Boston, offering a wide range of recreational and 
cultural opportunities. 

Weare secking a Residency Education Coordinator for OB/GYN 
to be responsible for coordinating the educational programs for 
residents in OB/GYN. Additionally, you will develop formal programs 
of education in Urogynecology, benign breast disease, and GYN 
surgical techniques; coordinate the 24-hour in-house coverage for the 
residency program, and provide coverage of resident clinical activity 
during weekdays. 

Board Cenification in Obstetrics and Gynecology and a minimum 
5 years’ experience and demonstrated competence in resident 
education and educational programs areessential. Experience/interest 
in Urogynecology. 

Interested applicants are encouraged to send their resume to: 
Mr. Robert VanHeiningen, Assistant Vice President for Human 
Resources, Bridgeport Hospital, 267 Grant Street, P.O. Box 5C00, 
Dept. AJ/OB/GYN, Bridgepon, CT 06610. 


sfa BRIDGEPORT 
NZ HOSPITAL 


A century ago, we made a commitment. 
We've kept it. 
An equal opportunity employer, 


HARVARD MEDICAL SCHOOL 
DEPARTMENT OF CONTINUING EDUCATION 


THE MOLECULAR BIOLOGY OF 
WOMEN’S HEALTH 
Breast and Reproductive Tract 


September 21-23, 1992 
Ritz-Carlton Hotel, Boston 


Course Directors 
Christopher P. Crum, M.D. 
George L. Mutter, M.D. 


GUEST FACULTY 
Andrew Berchuck, Duke University 
Lutz Gissman, German Cancer Research Center 
Gerard Nuovo, State University of New York 
David Page, The Whitehead Institute 
Dennis Slamon, UCLA 


This course, sponsored by the Division of Women’s and 
Perinatal Pathology at Brigham and Women’s Hospital, will 
critically review receat advances in molecular biology relevant 
to gynecologic, obstetric, and breast pathology. 


For further information, contact 
Harvard MED-CME, P.O. Box 825, Boston, MA 02115 
(617) 432-1525 


DIRECTOR 
OBSTETRICS AND GYNECOLOGY 
Broadiawns Medical Center 
Des Moines, lowa 


The University of lowa and Broadlawns Medical 
Center, a 200+ bed county supported public teaching 
hospital, are seeking a Director for the Department 
of OB/GYN. Activities will include supervising patient 
care as well as teaching of Family Practice residents, 
a rotating OB/GYN Resident, and medical students 
in our OB service (500 births per year and growing). 
Department includes medical office clinic facilities, a 
new Family Birthing Center, a Family Planning Pro- 
gram and a newly created mid-wife position. Basic 
requirements include an M.D. or D.O. degree, and 
Board Certification or active candidacy of the Ameri- 
can Board of Obstetrics and Gynecology, extensive 
practice experience, and the ability to direct staff and 
programs to support the service and educational goals 
of the institution. Clinical teaching experience would 
be desirable. A university medical school faculty ap- 
pointment is possible for appropriate candidates. If 
interested, contact D.J. Walter, MD, Director of Med- 
ical Education, Broadlawns Medical Center, 18th & 
Hickman Road, Des Moines, iowa, (515) 282-2203. 
Minorities and women especially encouraged to apply. 
The University and Broadlawns are Equal Opportu- 
nity/Affirmative Action Employers. 
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OBSTETRICIANS AND GYNECOLOGISTS - 
Illinois . 
OB/GYN Physicians’ needed to join Carle Clinic 
Association, a 225 physician, multi-specialty grour 
practice in central Illinois with opportunities at the 
main campus as well as three additional sites - 
Urbana, “Bloomington, Danville anc 
Mattoon/Charleston. These communities offer 
recreational, cultural and educational amenities. 
Benefit package includes a competitive salary witk 
partnership and income sharing plan after twe 
years, professional liability insurance, health, life 
and disability insurance and generous vacation anc 
meeting time. Contact: 
Robert C. Parker, A MD 
Medical Director 
Carle Clinic Association 
602 W. University, Urbana, Illinois 61801 
Phone 217-383-3399 - Fax 217-383-3163 


_Obstetriçlan/Gynecologist 
-Guaranteed Income — 
. No Start-Up Costs 


The United States Military Academy at West 
Point, New Yorkis offering a1 excellent oppor- 
tunity for‘a BC OB/GYN. Set in the Hudson 
River Valley, West Point is far enough from 
New York City to offer small town living with 
easy access to surrounding winter and sum- 
mer recreation while being close enough to 
New York City to take advantage of all. the 
cultural opportunities. . 


West Point has a 65-bed hospital with a Level 
| Nursery, a healthy patient population, and 
approximately 300 deliveries ‘per year. 


Inquiries and CV to: 
| | Jill Giery ` 
_USMA, Civilian Personnel Office 
West Point, NY 10996 ~ 
(914) 938-3704 
fax (914) 938-2363 . 
«EOE. 


Perinatologist Needed in 
Coastal New Jersey 
2 member ¢ group is seeking a third perina- — 


-tologist (BE/BC). We are active practition- - |. 
__ ers Of perinatology and we also serve as 
-integral members of the teaching team for — 


a residency in Obstetrics and Gynecology. 

We engage in both in-patient and out-pa- 
tient activities, and all skills related to ma- 
ternal fetal medicine may be used within 
our practice. Strong ultrasound skills are 
required, and the current practice con- 
sists of antenatal diagnosis, genetic coun- 
seling, amniocentesis, CVS and PUBS. 


~ We will insist on comfort and competence 


in basic obstetrical practice. 


We are located about 1.5 hours from both | 


New York City and Philadelphia, and the 
area provides a suburban life style. 


Contact: Glenn Herman, M.D. 

David Wallace, M.D. 
Telephone: (908) 870-3600 
Fax: (908) 870-0119 


-PERINATOLOGIST | 
OGDEN, UTAH — 


An outstanding opportunity exists for a peri- 
natologist to set up a consultative practice in 
Ogden, Utah. The physician will be an em- 
ployee. of McKay-Dee Hospital, a 415-bed 
community facility. Office space, personnel 


“and equipment will be provided by the hospi- 


tal. The successful candidate will be an inte- 
gral part of Intermountain Health Care’s Peri- 
natal Group. 


Ogden; Utah is a beautiful community of 
69,000, with-a service population of 260,000. 
There is an abundance of outdoor recreation 
available, including skiing; snowmobiling, 
hunting, fishing, boating, ‘swimming and 
camping. A variety of cultural events entertain 
and amuse Ogden residents, such as the 
symphony, the ballet, museums, art galleries 
and festivals. Ogden is a short 40 minutes 


_ from Salt Lake City where more professional 


sports and cultural events may be found. 


For more information, send a CV to: 
IHC: Physician Placement Services 
P.O. Box 57010 
Murray, UT 84157-0010 
or call toll-free, 1-800-888-3134 





FORT WAYNE, 
INDIANA 


Premier hospiial seeks. OB/GYN: to z 


join two others in thriving practice. 
One in three çall. Clear need, 
$200,000 + salary, and one of the na- 
tion’s best malpractice environments 
combine for an outstanding opportu ni- 
ty. Setting is a civically progressive 
city of 175,000 with open people, safe 


streets, and a diverse economy. Year 
round recreation and varied cultural 


offerings allow for a superb quality of 
life and practice. Send CV or call: 


JOE KELLY . 
JACKSON AND 
COKER, INC. 
115 Perimeter Center 

| Place 
Suite 380 20182.. 
Atlanta, GA 30346 — 
Tel. 1-800-544-1987 


JACKSON 
_ 4NDCOKER 


CHIEF OF OBSTETRICS 
AND GYNECOLOGY . 
The Sir Mortimer B. Davis-Jewish 
General Hospital, a 628 bed tertiary 
care teaching hospital of McGill Uni- 
versity is inviting applications for the 
position of Chief of Obstetrics & 
Gynecology. Potential candidates 
should be Royal College certified (or 
equivalent) and have significant aca- 
demic and research experience in 
teaching appointment commensurate 
with his/her qualifications. Interested 
candidates should send a copy of their 

curriculum vitae to: 


Dr. P.L. Heilpern | 7 
Associate Executive Director - 
Professional Services 
Sir Mortimer B. Davis-Jewish General 
Hospital 
3755 Céte Sainte-Catherine Road 
Montreal, Quebec 
H3T 1E2 


‘OB/GYN 


Opportunity. in pleasant, semi- 


rural’ community. Progressive 
hospital with excellent medical 
staff arid supportive Board of Di- 


_ rectors. Facility has lovely Fam- 


ily: Birthing Center. with LDRP 
rooms, excellent all RN staff— 
NRP certified. Enjoy the charm 
and security of a small town with 
quick access to metropolitan 
areas. Contact: 

Charles Duffy, President 
Kewanee Hospital 
719 Elliott 
Kewanee, IL 61443 


EOE 


Charming New England Community 
Challenging practice that admits to 
a tertiary teaching hospital with 

=- a fully accredited OB/GYN 
residency program 
Excellent compensation, benefits 
and relocation incentive 
A 1-in-5 call schedule with 
predictable time off 


For'more information call Joanne A. Alderman, RN, MPH, 


' Executive Assistant to the Medical Director, at (800) 457- 


6145 or send c.v. to: Medical West Community Health Plan, 


360 Birnie Ave, Dept OB, Springfield, MA 01107. 


Medical West: 


Community Health Plan 
CS) A BLUE CROSS & BLUE SHIELD HMO 


We are an equal opportunity /affirmative action employer 
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PERINATAL ASSOCIATES OF 
NORTHERN CALIFORNIA 


Are you a Clinical perinatoiogist? There is still 
time to join 4 perinatologists and one medical 
geneticist looking for one more perinatologist 
who: desires superior environment for patient 
care, in a private, modern level 3 facility doing 
6,000 deliveries a year with superior perinatal 
outcome; likes personal, direct hands-on pa- 
tient care; needs PUBS, IUTxF, CVS and 
complicated pregnancies, level 2 ultrasound; 
demands partners, not superiors; wants to live 
in clean, warm, not humid, snow-free (but 60 
minutes from skiing) Sacramento, California; 
feels one’s family has prior ties; and is com- 


- mitted to the private practice of medicine. For 


\Vith a cortimitment to excellence and a focus on the total needs 


more information, call (916) 733-1755. 


Roger L. Wallace, D.O. 
Perinatal Associates 
of Northern California 
5301 F. Street #110 
Sacramento, California 95819 


~ Primary Care Our 
Primary Concern 


„7 


af each patient, Riverside Medical Center blends a ‘primary’ 
approach with major centers of excellence in cardiology, 
chemical dependency, mental health, neuro-sensory, obstetrics 
and orthopedics. 


Picture yourself as a physican partner in the Minneapolis/St. 


Paul area's most comprehensive, integreted, primary care-based 


system of health care. 


Positions available for board-certified ard board-eligible 


40A 


Obstetrician/Gynecologists. | 
Riverside Medical Center... 


where primary care is our primary concern. 





Ps 


Riverside Medica! Center 
A joint venture of St. Mary's and Fairview Riverside hospitals 
Contact: Natalie Odell 
Fairview Clinic Services 
600 West 98th St, Suite 390 
Bloomington, MN 55420 


1 


612-885-6224 1-800-842-6469 












PERINATOLOGIST 


Denver, Colorado 


Rose Medical Center, Denver, Colorado is seeking a 
second BE/BC perinatologist to work full-time in a 400- 
bed private community hospital adjacent to the University 
of Colorado Health Sciences Center. With 3,500 de- 
liveries per year, and 27 University Residents rotating 
through the department annually, Rose is the major pri- 
vate teaching affiliate of the University. 


Responsibilities include, primary patient care, private 
consultation, physician, resident, and nursing education, 
clinical research, and a limited private practice in peri- 
natology. This individual can expect frequent interaction 
with the Maternal/Fetal Division at the University of Col- 
orado, and will be eligible for an appropriate clinical ap- 
pointment at the University. All clinical responsibilities 
will be shared with the current full-time perinatologist at 
Rose. Additional call coverage is provided by other peri- 
natologists in the Denver metro area. 


A competitive salary guarantee is being offered, with ex- 
cellent fringe benefits including malpractice insurance. 


Qualified applicants, including individuals completing fel- 
lowship in June, 1993, should forward CV's to: 


Robert E. Wall, M.D., Chairman 
Department of Obstetrics & Gynecology 
Rose Medical Center 
4500 East Ninth Avenue, Suite 220-South 
Denver, Colorado 80220 
Telephone: (303) 320-2077 





THE DEPARTMENT OF OBSTETRICS AND GYNECOLOGY 
UNIVERSITY OF WISCONSIN MEDICAL SCHOOL 


is seeking applicants for two (2) full-time faculty positions for a 
new women’s health center and academic program at its Milwaukee 
Clinical Campus. 


Sinai Samaritan Medical Center has recently consolidated its obstet- 
rical and gynecological services in a redesigned facility in downtown 
Milwaukee. The department supports a residency program, the 
largest perinatal service in Wisconsin (5500 deliveries), consultative 
ultrasound, genetic and infectious disease programs, and reproduc- 
tive/endocrine services (including an IVF program). The department 
is affiliated with Planned Parenthood of Wisconsin and St. Luke’s 
Medical Center in Milwaukee. 


Qualifications include a board candidacy or certification in obstetrics 
and gynecology and a commitment to teaching residents, medical 
students, and clinical research. Qualifications for the two positions 
for GENERAL OB/GYN can take into consideration special individual 
interests. Special expertise of interest for the department are: 


— STATEWIDE FAMILY PLANNING 
(Part-time medical director, Planned. Parenthood) 

— OPERATIVE LAPAROSCOPY, HYSTEROSCOPY 

—UROGYNECOLOGY 

—OB/GYN ULTRASOUND 
Private practice opportunities are also available in an associated 
offsite multispecialty clinic and all faculty members participate in 
a group. practice at the institution Contact: 
Chester B. Martin, M.D. Fredrik F. Broekhuizen, M.D. 





Chairman Chairman and Chief 
Department of Obstetrics and Milwaukee Campus 
Gynecology Department of Obstetrics/ 
University of Wisconsin Gynecology 
Medical Schi. University of Wisconsin 
600 Highland Avenue, Medical Schl. 
H4/654 CSC Sinai Samaritan Medical Center 


2000 West Kilbourn Avenue 
Milwaukee, WI 53233 
(414) 937-5600 


The University of Wisconsin Medica! School is an equal opportunity employer 


Madison, WI 53792 





THE DEPARTMENT OF OBSTETRICS 
AND GYNECOLOGY 
UNIVERSITY OF WISCONSIN 
MEDICAL SCHOOL 
is seeking applicants for two (2) additional full-time faculty 
positions in MATERNAL FETAL MEDICINE for a ‘new 
women’s health center and academic program at its Mil- 
waukee Clinical Campus. The current faculty includes two 

perinatologists. 


Sinai Samaritan Medical Center has recently consolidated 
its obstetrical and gynecological services in a redesigned 
facility in downtown Milwaukee. The department has the 
largest perinatal service in Wisconsin (8500 deliveries) and 
has a dedicated antenatal testing and perinatal ultrasonog- 
raphy unit, a midwifery, and adolescent pregnancy service. 
The department has an affiliation with St. Luke's Medical 


Center in Milwaukee for its residency program. 


Qualifications include board candidacy or certification in 
maternal-fetal medicine and a commitment to teaching re- 
sidents, medical students, and clinical research. Competi- 
tive salary package. Contact: 


Chester B. Martin, M.D. 

Chairman 

Department of Obstetrics/ 
Gynecology 

University of Wisconsin 
Medical Schoo! 


Fredrik F. Broekhuizen, M.D. 
Chairman and Chief 
Milwaukee Campus 
Department of Obstetrics/ 
Gynecology 
University of Wisconsin 
600 Highland Avenue, Medical School 
H4/654 CSC Sinai Samaritan Medical 
Madison, WI 53792 Center 
2000 West Kilbourn Avenue 
Milwaukee, WI 53233 
(414) 937-5600 


The University of Wisconsin Medical School is an equal 
opportunity employer, 











FACULTY OPENINGS 
| IN 
OBSTETRICS & GYNECOLOGY 
FOR 
GENERALISTS/PERINATOLOGISTS 


Full time faculty positions at the University of 


South Alabama, Department of Obstetrics & 


Gynecology. Excellent opportunity for teach- 
ing, research and clinical service. Individuals 
must be board eligible or certified in Specialty/ 
Sub-specialty. The academic rank and salary 
will be dependent upon the training and ex- 
perience of the applicant. These positions are 
available immediately. 


Please contact: 


lan H. Thorneycroft, Ph.D., M.D. 
Professor and Chairman 
Department of Ob-Gyn 
University of South Alabama 
College of Medicine 
2451 Fillingim Street 
Mobile, Alabama 36617 
(205) 470-5815 


University of South Alabama 
is an Equal Opportunity Employer 































Maternal-Fetal Medicine Faculty 
Department of Obstetrics and Gynecology 
University of Medicine and Dentistry of 
New Jersey 
Robert Wood Johnson Medical School 


Three Positions Available 


The Department of Obstetrics and Gynecology of the 
UMDNJ-Robert Wood Johnson Medical School invites 
applications for three full-time faculty positions as Spe- 
cialists in Maternal-Fetal Medicine. Candidates shoulc 
be board certified or eligible in Maternal Fetal Medicine. 
The positions involve academic practice, graduate anc 
undergraduate medical education, and clinical and/or lab- 
oratory research. 


The Division is located at St. Peter’s Medical Center 


which has the largest obstetrical and neonatal prograrr 
in the State. MFM Fellowship approved. Four MFM spe- 
cialists, four sonographers, a geneticist, two researcr 
nurses and one epidemiologist/biostatistician are cur- 
rently in the Division. Academic Rank and competitive 
salary commensurate with level of experience and qual- 
ification. 


Send inquiries and curriculum vitae to: 


Robert A. Knuppel, M.D., M.P.H. 
Professor and Chairman 
Department of Obstetrics and Gynecology 
UMDNJ-Robert Wood Johnson Medical School 
One Robert Wood Johnson Place-CN 19 
New Brunswick, New Jersey 08903-0019 


The UMDNu is an Affirmative Action/Equal Opportunity Employer 
M/F/H/MV and a member of the University Health System of New Jersey 





OB/GYN Generalist 
Assistant Professor 


A full-time position is available in the Depart- 
ment of Obstetrics and Gynecology, Univer- 
sity of Kentucky, Lexington. Applicants should 
be board eligible or board certified in obstet- 
rics and gynecology. Special interest in resi- 
dent and student education, uro-gynecology, 
adolescent Ob/Gyn or sexual dysfunction is 
desired. 

Responsibilities of this position include inpa- 
tient and outpatient clinical practice activities: 
medical education of residents, interns, and 
medical students. Clinical and/or basic sci- 
ence investigation opportunities are available. 
This is a unique opportunity for a patient 
oriented physician. Applicants should send 


curriculum vitae to: 


Frank C. Miller, M.D. 

Professor and Chairman 
Department of Obstetrics and Gynecology 
University of Kentucky Medical Center 
800 Rose Street, MN 318 
Lexington, KY 40536-0084 


THE UNIVERSITY OF KENTUCKY IS, AN AFFIRMATIVE AC- 
TION, EQUAL OPPORTUNITY EMPLOYER AND ACTIVELY 
SEEKS THE CANDIDACY OF MINORITIES AND WOMEN. 
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MATERNAL- 
FETAL MEDICINE 


The University of Louisville. Depart- 
ment of OB/GYN is actively recruiting 
faculty (rank open) to its MFM Divi- 
sion. An attractive balance of teach- 
ing, research and clinical activity with 
a very competitive income is offered. 
The U of L is an Equal Employment 
Opportunity institution. Interested indi- 
viduals should send curriculum vitae 


to me or contact me at (502) 588-_ 


1913. 


J. A. Spinnatc, M.D. 
Director, Division of Maternal- Fetal 
: | Medicine 

Dept. of OB/GYN, 

University of Louisville 

Louisville, KY 40292 


. UNIVERSITY OF 
MICHIGAN MEDICAL | 
CENTER 


The Department of Obstetrics. and 


Gynecology at the University of Michigan 
Medical Center is seeking two board cer- 
tified or eligible obstetricians/gynecolo- 
gists to serve as clinical track faculty 
members providing primarily obstetrical 
- patient care. Salary and rank will be com- 


mensurate with the candidates’ training l 


and experience. Please direct AUTES 
and curriculum vitae to: 


Rudi Ansbacher, M.D., M.S. 
Professor and Interim Chair 
Department of Obstetrics and 

| Gynecology 
‘The University of Michigan . 
Medical Center | 
Medical Professional Building 
~ D2202/0718 | 


= 4500 E. Medical Center Drive 
-= Ann Arbor, MI 48109-0718 — | 


- The University of Michigan is an affirmative action/ 
equal opportunity employer. Codes 30 and 56. 





42A - 


Chief, Department of OB/GYN— 


Sinai Hospital of Baltimore, a 463-bed hospi- 
tal with major teaching affiliations with the 
Johns Hopkins University School of Medicine, 


=- ig seeking a Chief of OB/GYN. Candidates 


should be board certified (sub-specialty cer- 
tification is desirable) and have an outstand- 
ing academic record which would merit an 


appointment at the Associate Professor/Pro- 


fessor level at Johns Hopkins. The OB/GYN 
department at Sinai has strong teaching, re- 
search and clinical programs. As a com- 
prehensive womens’ services program, with 
in excess of 4000 births. annually, and a re- 
gional maternal neonatal transfer site, the de- 
partment includes programs in infertiity, in- 
cluding a new IVF laboratory, climacteric 
gynecology, urogynecology and an off site 
womens’ health center. Interested applicants 
should send their CV to the Chairperson of 
the Search Committee: Bart Chernow, M.D., 


: Professor of Medicine and Physician-in-Chief, 


Sinai Hospital, 2401 W. Belvedere Ave., Bal- 
timore, MD 21215. Sinai Hospital is an Equal - 
Opportunity Employer. 





UCLA INTERCAMPUS 
MEDICAL GENETICS | 
TRAINING PROGRAM 


The UCLA intercampus post-doctoral re- 


- search training program in Medical Ge- 


netics utilizes the research and clinical 
resources of its affiliated campuses and 


_ teaching hospitals. The program is open 


to academically oriented applicants with 
the M.D., Ph.D., D.D.S. or equivalent de- 
grees. A wide variety of research training 


_ opportunities in molecular, biochemical, 


immuno-, cancer, cyto-, somatic cell, pop- 
ulation and clinical genetics are available. 
The program also meets all the require- 


_ ments of the American Board of Medical 
‘Genetics. Clinical genetics fellowships 


are available at each of the affiliated hos- 


` pitals. Application forms are available 


from David Rimoin, M.D., Ph.D., Depart- 
ment of Pediatrics, Cedars-Sinai Medical 
Center, 8700 Beverly Blvd., Los Angeles, 
CA 90048. - 





A surprisingly uncomplicated, 
time-saving way to stay up-to- 
date with what's happening in 
neonatal and perinatal 
medicine around the world . .. 









The year's most significant 
journal articles in neonatal and 


perinatal medicine — selected, 
abstracted, analyzed, and bound 
together in one easy-to-use 
reference! 


With your needs and time restrictions in mind, 
the editors of the Year Book survey over 900 medical 
and scientific journals, searching for the ones that are 
sure to make a difference in your practice. For the 
1991 volume, they've selected and condensed over 
200 articles that cover the latest advances in neonatal 
and perinatal medicine — developments you need to 
know about. 


This collection of articles in itself would be a 
valuable addition to your library, but the Year Book 
service goes one step beyond mere information: you 
also get thought-provoking commentaries that assess 
each article's significance and its clinical implications, 
while supplying useful background information, and 
discussing the results of other relevant studies. 


The 1991 Year Book of Neonatal and Perinatal 
Medicine gives you not only what you need to know, 
but tells you why you need to know it! Here are just 
a few of the topics you'll find in the 1991 volume: fetal 


eee ea surgery, amniocentesisand ultrasound revisited, 


& prepregnancy glycemic control and congeni- 
: tal malformations, and much more! 


To review this outstanding resource free for 
30 days, just mail the Free Examination 
33. Certificate below or call... 


Toll-Free 1-800-426-4545 


(To speed your order, mention code "“MCA-105"). 


Ifyou aren't completely satisfied with its scope of information 
and insight, just send it back and owe nothing. It is simply the 
best, most convenient way to stay on top of the newest 
developments in your fast-growing field. 


Åe i ee ý 


r- 
| FREE EXAMINATION CERTIFICATE 


| Please send my 30-day FREE examination copy of the 1991 Year 
| Book of Neonatal and Perinatal Medicine (22117). IfI decide to 
keep the book I'll pay $57.95* plus shipping and handling. 


i ne RH ll a 


CITY, STATE, ZIP 


| 
. NAY. 
| 


TELEPHONE 


* $35 Residence Rate 


Call TOLL FREE 1-800-426-4545 
Elease mention” MCA-105" when ordering. 
Or send this coupon Attn: Par Newman, 11830 Westline Industrial Drive, 
| St. Louis, MO 63146-9988 baat ies 


When you purchase a Year Book, we'll also send you an automatic notice of future volumes about 
two months before they publish. This system was designed for your convenience and to take up as 
little of your time as possinle. If you do not want the Year Book, the advance notice makes it easy 
for you to lec us know. And if you elect to receive the new Year Book, you need do nothing. We 
will send it on publication. No worry. No wasted motion. And, of course, every Year Book is yours 
to examine free of charge for 30 days. 
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“Smart, current, 
in-depth, tough, unique, 
charismatic, authoritative, 
handy, relevant, lucid, 
thorough, convenient, 
detailed, pithy, top-notch, 
helpful, sagacious, 
indispensable, _ 
comprehensive, timely, 
thought-provoking, incisive, 

straightforward, lively, 
astute, invaluable, 
concise, fact-packed, 
and one-of-a-kind.” 






Okay. So maybe we're examination copy. Put it to work for a month, and if 
ferme going a little overboard. But youre not completely satisfied for any reason, just send it 
MAAE our subscribers are an back and owe nothing. 
. opinionated and enthusiatic But we hope you might want to send us a few 
< bunch. Nearly one in four adjectives of your own instead—extraordinary, versatile, 
“+1 physicians practicing today and revolutionary are still available. © 


meren ig a Year Book subscriber and they 


re vocal in their loyalty. ! LJ Yes! Please send my 30-day free approval copy of the 1992 Year Book 
And why not? A subscription to the Year Book | of Obstetrics and Gynecology (22636) according to the service terms described 
gives you all the past year’s most esser. tial ob/gyn below. If 1 decide to keep the book I'll pay just $59.95 (plus shipping, 
articles condensed for quick and easy reading, and i handling, and state sales tax where appropriate). 
expert advice to help you put the lates- findings and E Name os a 
techniques to work immediately. i 
Let’s be honest, though, no list of two-dollar i a a 
words can really convey a book’s usefulness and value. | City, State, Zip Takon _ 
You've gct to evaluate it for yourself. RA Mosty ok 
) s; : - . ! 
That s why we're offering you this no-risk, no | Call Toll Free 800-426-4545 
obligation, 30-day free trial of the Year Book. Just call !  Orsend this coupon Attn: Pat Newman, 11830 Westline Industrial Drive 
or mail the attached coupon and we'll s2nd you a free St. Louis, MO 63146-9988 MCA-204 


a Pre fr HH HY me ONAN A rm meh eA Vi A eh He Se me A HA ph mr lb EF E 


The Year Book of Obstetrics and Gynecalogy Service Guarantee 

When you subscribe to the Year Bock, we'll send you an advance notice of future volumes about two months before they publish. This automatic notice system is designed to take up as 
little of your time as possible. If you do not want the Year Book, the advance notice makes it it quick and easy for ycu to let us know your decision; and you will always have at least 20 days to 
decide. If we don't hear from you, we'll send you the new volume as soon as it’s available. And, of course, the Year Book is yours to examine Tree of charge for 30 days (postage, handling and 
applicable sales tax are added to each shipment). i 
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In the Pregnant Patient 
nf 


Medical Disorder equation, 


where do you fit in? 


CURRENT 


TETRIC MEDICINE 


A pregnant patient with a medical 
disorder poses a unique and special 
challenge. You need to understand 
her disease and how it affects her 

pregnancy. You also need to recog- 

nize the physiologic signs of a 
normal gestation in order to best 
treat her overall condition. 


7 oasternig MEP 





In this premier volume of Current Obstetric 
Medicine, international authorities discuss recent 
developments in obstetric medicine, summarizing 
pertinent findings and trends from the literature 
published within the last two years. They also add their 
own critical commentary, providing new perspectives 
on the problems you face. Concentrating on emerging 
treatments and insights, the authorities focus on how 
theseinnovations affect your patients and your practice. 
This combination of the latest research and expert 
interpretation makes Current Obstetric Medicine, 
Volume 1 a vital clinical reference. 


You'll get a multidisciplinary perspective of new 


diagnostic techniques and therapies, such as 


preconception counseling and management of asthma, 
rhinitis, and anaphylaxis during pregnancy. A wide 
spectrum of conditions and problems are covered, 
including renal disease, postpartum thyroiditis, 
diabetes, and accidents. And each issue in Current 
Obstetric Medicineis discussed in terms ofits clinical 
significance—so youcan start applying the besz available 
treatments to your patients’ care immediately. 


To review this outstanding resource free for 
30 days, simply mail the Free Examination 
Certificate below or call Toll-Free 1-800-426- 
4545 (To speed your order, mention code "MCA- 
029"). If you aren't completely satisfied with its 
scope of information and insight, just send it back 
and owe nothing. It's an easy way to place 
yourself in the patient care equation. 


FREE EXAMINATION CERTIFICATE 


Please send me Current Obstetric Medicine, 
Volume 1 (21178). I understand that I will pay 
$59.95* plus shipping and handling if I decide to keep 
the book. * Resident price $40 


NAME 
ADDRESS 


CITY/STATE/ZIP TELEPHONE 


NA Mosby 
Year Book 
Pat Newman 


11830 Westline Industrial Drive 
| St. Louis, MO 638146 MCA-029 


ci saat eel 


i ly i i A hi 6 SR = SM | GOO 06 Aho | (HOV 
eh ga a ceca ta ech eee l 


When you purchase, we'll send vou an automatic notice of future volumes ubout two months before they publish. This 
system was designed for your convenience and to take up as little of your time as possible. H yau do not want the Current, 
the advance notice makes it easy for you to let us know. And if you elect to receive the new Current. you need do nothing. 
We wil] send it on publication, No worry. No wasted motion. And, of course, every Current is yours to examine free of 
charge for 30 days. 
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21- and 28-day regimens 


ORTHO-NOVUM/ 77 


norethindrone/ethinyl estradiol 


Each white tablet contains 0.5 mg norethindrone and 0.035 mg ethinyl! estradiol. Each light peach tablet 
contains 0.75 mg norethindrone and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg noreth- 
indrone and 0.035 mg ethinyl estradiol. Each green tablet in 28-day regimen contains inert ingredients. 


IMPORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information 
— with the product and therefore should not be used as the basis for prescribing the product. 

is summary was prepared by deleting from the complete prescribing information certain text, tables 
and references. The physician should be thoroughly familiar with the complete prescribing information 
before prescribing the product. 


INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 

CONTRAINDICATIONS: Oral contraceptives should not be used in women who currently have the following 
conditions: 1. Thrombophlebitis or thromboembolic disorders. 2. A past history of deep vein thrombophle- 
bitis or thromboembolic disorders. 3. Cerebral vascular or coronary artery disease.4. Known or suspected 
carcinoma of the breast. 5. Carcinoma of the endometrium or other known or suspected estrogen-depen- 
dent neoplasia. 6. Undiagnosed abnormal genital bleeding. 7 Cholestatic jaundice of pregnancy or jaundice 
with prior pill use. 8. Hepatic adenomas or carcinomas. 9. Known or suspected pregnancy. 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral contracep- 
tive use. This risk increases with age and with heavy smoking (15 or more cigarettes per day) and 
is quite marked in women over 35 years of age. Women who use oral contraceptives should be 
strongly advised not to smoke. 











The use of oral contraceptives is associated with increased risks of several serious conditions including 
myocardial infarction, thromboembolism, stroke, hepatic neoplasia, and gallbladder disease, although the 
risk of serious morbidity or mortality is very small in healthy women without underlying risk factors. The 
risk of morbidity and mortality increases significantly in the presence of other underlying risk factors such 
as hypertension, hyperlipidemias, obesity and diabetes. Practitioners prescribing oral contraceptives 
should be familiar with the following information relating to these risks. The information contained in this 
brief summary is principally based on studies carried out in patients who used oral contraceptives with 
higher formulations of estrogens and progestogens than those in common use today. The effect of long 
term use of the oral contraceptives with lower formulations of both estrogens and progestogens remains 
to be determined. Throughout this brief summary epidemiological studies reported are of two types: 
retrospective or case control studies and prospective or cohort studies. Case control studies provide a 
measure of the relative risk of a disease, namely a ratio of the incidence of a disease among oral contra- 
ceptive users to that among nonusers. The relative risk does not provide information on the actual clinical 
occurrence of a disease. Cohort studies provide a measure of attributable risk, which is the difference in 
the incidence of disease between oral contraceptive users and nonusers. The attributable risk does pro- 
vide information about the actual occurrence of a disease in the population. For further information, the 
reader is referred to a text on epidemiological methods. 1. THROMBOEMBOLIC DISORDERS AND OTHER 
VASCULAR PROBLEMS. a. Myocardial Infarction. An increased risk of myocardial infarction has been 
associated with oral contraceptive use. This risk is primarily in smokers or women with other underlying 
risk factors for coronary artery disease such as hypertension, hypercholesterolemia, morbid obesity, and 
diabetes. The relative risk of heart attack for current oral contraceptive users has been estimated to be two 
to six. The risk is very low under the age of 30. Smoking in combination with oral contraceptive use has 
been shown to contribute substantially to the incidence of myocardial infarctions in women in their 
mid-thirties or older with smoking accounting for the majority of excess cases. Mortality rates associated 
with circulatory disease have been shown to increase substantially in smokers, especially in those 35 
years of age and older among women who use oral contraceptives. Oral contraceptives may compound the 
effects of well-known risk factors, such as hypertension, diabetes, hyperlipidemias, age and obesity. In 
particular, some progestogens are known to decrease HDL cholesterol and cause glucose intolerance, 
while estrogens may create a state of hyperinsulinism. Oral contraceptives have been shown to increase 
blood pressure among users (see section 9 in WARNINGS). Similar effects on risk factors have been 
associated with an increased risk of heart disease. Oral contraceptives must be used with caution in 
women with cardiovascular disease risk factors. b. Thromboembolism. An increased risk of thromboem- 
bolic and thrombotic disease associated with the use of oral contraceptives is well established. Case 
control studies have found the relative risk of users compared to non-users to be 3 for the first episode of 
superficial venous thrombosis, 4 to 11 for deep vein thrombosis or pulmonary embolism, and 1.5 to 6 for 
women with predisposing conditions for venous thromboembolic disease. Cohort studies have shown the 
relative risk to be somewhat lower, about 3 for new cases and about 4.5 for new cases requiring hospital- 
ization. The risk of thromboembolic disease associated with oral contraceptives is not related to length of 
use and disappears after pill use is stopped. A two- to four-fold increase in relative risk of post-operative 
thromboembolic complications has been reported with the use of oral contraceptives. The relative risk of 
venous thrombosis in women who have predisposing conditions is twice that of women without such 
medical conditions. If feasible, oral contraceptives should be discontinued at least four weeks prior to and 
for two weeks after elective surgery of a type associated with an increase in risk of thromboembolism and 
during and following prolonged immobilization. Since the immediate postpartum period is also associated 
with an increased risk of thromboembolism, oral contraceptives should be started no earlier than four 
weeks after delivery in women who elect not to breast feed. c. Cerebrovascular diseases. Oral contracep- 
tives have been shown to increase both the relative and attributable risks of cerebrovascular events 
(thrombotic and hemorrhagic strokes), although, in general, the risk is greatest among older (>35 years), 
hypertensive women who also smoke. Hypertension was found to be a risk factor for both users and 
non-users, for both types of strokes, and smoking interacted to increase the risk of stroke. In a large study, 
the relative risk of thrombotic strokes has been shown to range from 3 for normotensive users to 14 for 
users with severe hypertension. The relative risk of hemorrhagic stroke is reported to be 1.2 for non- 
smokers who used oral contraceptives, 2.6 for smokers who did not use oral contraceptives, 76 for 
smokers who used oral contraceptives, 1.8 for normotensive users and 25.7 for users with severe hyper- 
tension. The attributable risk is also greater in older women. d. Dose-related risk of vascular disease from 
oral contraceptives. A positive association has been observed between the amount of estrogen and 
progestogen in oral contraceptives and the risk of vascular disease. A decline in serum high density 
lipoproteins (HDL) has been reported with many progestational agents. A decline in serum high density 
lipoproteins has been associated with an increased incidence of ischemic heart disease. Because estro- 
gens increase HDL cholesterol, the net effect of an oral contraceptive depends on a balance achieved 
between doses of estrogen and progestogen and the activity of the progestogen used in the contraceptive. 
The activity and amount of both hormones should be considered in the choice of an oral contraceptive. 
Minimizing exposure to estrogen and progestogen is in keeping with good principles of therapeutics. For 
any particular estrogen/progestogen combination, the dosage regimen prescribed should be one which 
contains the least amount of estrogen and progestogen that is compatible with a low failure rate and the 
needs of the individual patient. New acceptors of oral contraceptive agents should be started on prepara- 
tions containing 0.035 mg or less of estrogen. e. Persistence of risk of vascular disease. There are two 
studies which have shown persistence of risk of vascular disease for ever-users of oral contraceptives. In a 
study in the United States, the risk of developing myocardial infarction after discontinuing oral contracep- 
tives persists for at least 9 years for women 40-49 years who had used oral contraceptives for five or 
more years, but this increased risk was not demonstrated in other age groups. In another study in Great 
Britain, the risk of developing cerebrovascular disease persisted for at least 6 years after discontinuation 
of oral contraceptives, although excess risk was very small. However, both studies were performed with 
oral contraceptive formulations say 50 micrograms or higher of estrogens. 2. ESTIMATES OF 
MORTALITY FROM CONTRACEPTIVE USE. One study gathered data from a variety of sources which have 
estimated the mortality rate associated with different methods of contraception at different ages. These 
estimates include the combined risk of death associated with contraceptive methods plus the risk attribu- 
table to pregnancy in the event of method failure. Each method of contraception has its specific benefits 
and risks. The study concluded that with the exception of oral contraceptive users 35 and older who smoke 
and 40 and older who do not smoke, mortality associated with all methods of birth control is low and 
below that associated with childbirth. However, smokers 35 and older and non-smokers 40 and older who 
use oral contraceptives have a significant increase in mortality higher than those using other methods of 
birth control. These facts must be weighed in conjunction with failure rates for other methods and the risk 
associated with subsequent pregnancy. 3. CARCINOMA OF THE REPRODUCTIVE ORGANS. Numerous 


epidemiological studies have been performed on the incidence of breast, endometrial, ovarian and cervical 
cancer in women using oral contraceptives. While there are conflicting reports most studies suggest that 
use of oral contraceptives is not associated with an overall increase in the risk of developing breast cancer. 
Some studies have reported an increased relative risk of developing breast cancer, particularly at a 
younger age. This increased relative risk appears to be related to duration of use. Some studies suggest 
that oral contraceptive use has been associated with an increase in the risk of cervical intraepithelial 
neoplasia in some populations of women. However, there continues to be controversy about the extent to 
which such findings may be due to differences in sexual behavior and other factors.4. HEPATIC NEOPLA- 
SIA. Benign hepatic adenomas are associated with oral contraceptive use, although the incidence of 
benign tumors is rare in the United States. Indirect calculations have estimated the attributable risk to be 
in the range of 3.3 cases/100,000 for users, a risk that increases after four or more years of use especially 
with oral contraceptives of ig tae dose. Rupture of benign, hepatic adenomas may cause death through 
intra-abdominal hemorrhage. Studies from Britain have shown an increased risk of developing hepatocel- 
lular carcinoma in long-term (>8 years) oral contraceptive users. However, these cancers are rare in the 
US. and the attributable risk (the excess incidence) of liver cancers in oral contraceptive users approaches 
less than one per million users. 5. OCULAR LESIONS. There have been clinical case reports of retinal 
thrombosis associated with the use of oral contraceptives. Oral contraceptives should be discontinued if 
there is unexplained partial or complete loss of vision; onset of proptosis or diplopia, papilledema, or 
retinal vascular lesions. Appropriate diagnostic and therapeutic measures should be undertaken immedi- 
ately. 6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY. Extensive epidemiological 
studies have revealed no increased risk of birth defects in women who have used oral contraceptives prior 
to pregnancy. The majority of recent studies also do not indicate a teratogenic effect, particularly in so far 
as cardiac anomalies and limb reduction defects are concerned, when taken inadvertently during early 
pregnancy. The administration of oral contraceptives to induce withdrawal bleeding should not be used as 
a test for pregnancy. Oral contraceptives should not be used during pregnancy to treat threatened or 
habitual abortion. It is recommended that for any patient who has missed two consecutive periods 
pregnancy should be ruled out before continuing oral contraceptive use. If the patient has not adhered to 
the prescribed schedule, the possibility of pregnancy should be considered at the time of the first missed 
period. Oral contraceptive use should be discontinued until pregnancy Is ruled out. 7 GALLBLADDER 
DISEASE. Earlier studies have reported an increased lifetime relative risk of gallbladder surgery in users of 
oral contraceptives and estrogens. More recent studies, however, have shown that the relative risk of 
developing gallbladder disease among oral contraceptive users may be minimal. The recent findings of 
minimal risk may be related to the use of oral contraceptive formulations containing lower hormonal 
doses of estrogens and progestogens. 8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS. Oral contra- 
ceptives have been shown to cause a decrease in glucose tolerance in a significant percentage of users. 
This effect has been shown to be directly related to estrogen dose. Progestogens increase insulin secre- 
tion and create insulin resistance, this effect varying with different progestational agents. However, in the 
non-diabetic woman, oral contraceptives appear to have no effect on fasting blood glucose. Because of 
these demonstrated effects prediabetic and diabetic women in particular should be carefully monitored 
while taking oral contraceptives. A small proportion of women will have persistent hypertriglyceridemia 
while on the pill. As discussed earlier (see WARNINGS 1a and 1d), changes in serum triglycerides and 
lipoprotein levels have been reported in oral contraceptive users. 9. ELEVATED BLOOD PRESSURE. An 
increase in blood pressure has been reported in women taking oral contraceptives, and this increase is 
more likely in older oral contraceptive users and with extended duration of use. Data from the Royal 
College of General Practitioners and subsequent randomized trials have shown that the incidence of 
hypertension increases with increasing progestational activity. Women with a history of hypertension or 
hypertension-related diseases, or renal disease, should be encouraged to use another method of contra- 
ception. If women elect to use oral contraceptives, they should be monitored closely and if significant 
elevation of blood pressure occurs, oral contraceptives should be discontinued, For most women, elevated 
blood pressure will return to normal after stopping oral contraceptives, and there is no difference in the 
occurrence of hypertension between former and never users. 10. HEADACHE. The onset or exacerbation of 
migraine or development of headache with a new pattern which is recurrent, persistent or severe requires 
discontinuation of oral contraceptives and evaluation of the cause. 11. BLEEDING IRREGULARITIES. 
Breakthrough bleeding and spotting are sometimes encountered in patients on oral contraceptives, espe- 
cially during the first three months of use. Non-hormonal causes should be considered and adequate 
diagnostic measures taken to rule out malignancy or pregnancy in the event of breakthrough bleeding as in 
the case of any abnormal vaginal bleeding. If pathology has been excluded, time or a change to another 
formulation may solve the problem. In the event of amenorrhea, pregnancy should be ruled out. Some 
women may encounter post-pill amenorrhea or oligomenorrhea, especially when such a condition was 
preexistent. 12. ECTOPIC PREGNANCY Ectopic as well as intrauterine pregnancy may occur in contracep- 
tive failures. PRECAUTIONS: 1. PHYSICAL EXAMINATION AND FOLLOW UP A complete medical history and 
physical examination should be taken prior to the initiation or reinstitution of oral contraceptives and at 
least annually during use of oral contraceptives. These physical examinations should include special 
reference to blood pressure, breasts, abdomen and pelvic organs, including cervical cytology, and relevant 
laboratory tests. In case of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate 
diagnostic measures should be conducted to rule out malignancy. Women with a strong family Lit of 
breast cancer or who have breast nodules should be monitored with particular care. 2. LIPID DISORDERS 
Women who are being treated for hyperlipidemias should be followed closely if they elect to use oral 
contraceptives. Some progestogens may elevate LDL levels and may render the control of hyperlipidemias 
more difficult. 3. LIVER FUNCTION. If jaundice develops in any woman receiving such drugs, the medica- 
tion should be discontinued. Steroid hormones may be poorly metabolized in patients with impaired liver 
function.4. FLUID RETENTION. Oral contraceptives may cause some degree of fluid retention. They should 
be prescribed with caution, and only with careful monitoring, in patients with conditions which might be 
aggravated by fluid retention. 5. EMOTIONAL DISORDERS. Women with a history of depression should be 
carefully observed and the drug discontinued if depression recurs to a serious degree. 6. CONTACT 
LENSES. Contact lens wearers who develop visual changes or changes in lens tolerance should be 
assessed by an ophthalmologist. 7 DRUG INTERACTIONS. Reduced efficacy and increased incidence of 
breakthrough bleeding and menstrual irregularities have been associated with concomitant use of rifam- 
pin. A similar association, though less marked, has been suggested with barbiturates, phenylbutazone, 
phenytoin sodium, and possibly with griseofulvin, ampicillin and tetracyclines. 8. INTERACTIONS WITH 
LABORATORY TESTS. Certain endocrine and liver function tests and blood components may be affected 
by oral contraceptives: a. Increased prothrombin and factors VII. VIII, IX, and X; decreased antithrombin 3, 
increased norepinephrine-induced platelet aggregability. b. Increased thyroid binding globulin (TBG) lead- 
ing to increased circulating total thyroid hormone, as measured by protein-bound iodine eh T4 by 
column or by radio-immunoassay. Free T3 resin uptake is decreased, reflecting the elevated TBG, free 14 
concentration is unaltered. c. Other binding proteins may be elevated in serum. d. Sex-binding globulins are 
increased and result in elevated levels of total circulating sex steroids and corticoids; however, free or 
biologically active levels remain unchanged. e. Triglycerides may be increased. f. Glucose tolerance may be 
decreased. g. Serum folate levels may be depressed by oral contraceptive therapy. This may be of clinical 
aut if a woman becomes popa shortly after discontinuing oral art pp 9. CARCINO- 
GENESIS. See WARNINGS section. 10 PREGNANCY. Pregnancy Category X. See CONTRAINDICATIONS and 
WARNINGS sections. 11. NURSING MOTHERS. Small amounts of oral contraceptive steroids have been 
identified in the milk of nursing mothers and a few adverse effects on the child have been reported, 
including jaundice and breast enlargement. In addition, oral contraceptives given in the postpartum period 
may interfere with lactation by decreasing the quantity and quality of breast milk. If possible, the nursing 
mother should be advised not to use oral contraceptives but to use other forms of contraception until she 
has completely weaned her child. INFORMATION FOR THE PATIENT: See Patient Package Insert. 
ADVERSE REACTIONS: An increased risk of the following serious adverse reactions has been associated 
with the use of oral contraceptives (see WARNINGS section). Thrombophlebitis and venous thrombosis 
with or without embolism. Arterial thromboembolism. Pulmonary embolism. Myocardial infarction. Cere- 
bral hemorrhage. Cerebral thrombosis. Hypertension. Gallbladder disease. Hepatic adenomas or benign 
liver tumors. The following adverse reactions have been reported in patients receiving oral contraceptives 
and are believed to be drug-related: Nausea. Vomiting. Gastrointestinal symptoms (such as abdominal 
cramps and bloating). Breakthrough bleeding. Spotting. Change in menstrual flow. Amenorrhea. Temporary 
infertility after discontinuation of treatment. Edema. Melasma which may persist. Breast changes: tender- 
ness, ag toate secretion. Chance in weight (increase or decrease). Change in cervical erosion and 
secretion. Diminution in lactation when given immediately postpartum. Cholestatic jaundice. Migraine. 
Rash (allergic). Mental depression. Reduced tolerance to carbohydrates. Vaginal candidiasis. Change in 
corneal curvature (steepening). Intolerance to contact lenses. The following adverse reactions have been 
reported in users of oral contraceptives and the association has been neither confirmed nor refuted: 
Pre-menstrual syndrome. Cataracts. Changes in appetite. Cystitis-like syndrome. Headache. Nervousness. 
Dizziness. Hirsutism. Loss of scalp hair Erythema multiform. Erythema nodosum. Hemorrhagic eruption. 
pons Porphyria. Impaired renal function. Hemolytic uremic syndrome. Acne. Changes in libido. Colitis. 
OVERDOSAGE: Serious ill effects have not been reported following acute ingestion of large doses of oral 
contraceptives by young children. Overdosage may cause nausea and withdrawal bleeding may occur in 
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tolerance, neutral or beneficial effects on metabolic functions, and a low frequency of minor 
adverse effects. 
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A new monophasic oral contraceptive, norgestimate/ethinyl estradiol, demonstrates excellent 
contraceptive efficacy and its characteristics (low androgenicity, minimal effects on lipid 
metabolism and blood coagulation) suggest that it may be associated with a low risk of 
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Estrogen replacement therapy can lower the incidence of fractures and cardiovascular disease 
in menopausal women. Adding a progestin to the regimen may prevent some of the side 
effects of estrogen replacement. 


The benefits and risks of hormone replacement therapy: An 1986 
epidemiologic overview 

Susan Harlap, MB, BS 

New York, New York 


Current epidemiologic knowledge suggests that the benefits of hormone replacement therapy, 
with or without progestins, strongly outweigh the risks for postmenopausal women. 


The effect of sex steroids on the skeleton in premenopausal women 1993 
Robert Lindsay, MB, ChE, PhD, FRCP 
West Haverstraw and Nev York, New York 


Entering menopause with low bone mass increases the risk of osteoporotic fracture. Although 
peak bone mass is primarily genetically determined, it can potentially be modified by 
nutritional and life-style factors that maximize bone mass at menopause. 


The role of progestins in hormone replacement therapy 1997 
Rogerio A. Lobo, MD 
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Although the use of unopposed estrogen results in overall lower mortality rates, appropriate 
sequential addition of low-dose progestins is a viable option in postmenopausal women. 
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A study of two estradiol-releasing patches found one was better suited for use in the hot, 
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Introduction 


Daniel R. Mishell, Jr., MD 
Los Angeles, California 


An important symposium entitled “Steroids from 
Menarche to Menopause” was held on September 17, 
1991, in Singapore at the XIII World Congress of Gy- 
naecology and Obstetrics (International Federation of 
Gynecology and Obstetrics). Recent epidemiologic in- 
formation on oral contraceptives and hormone replace- 
ment therapy, clinical considerations of hormone ther- 
apy, and future therapies were presented by an inter- 
national faculty. 

The first session was devoted to contraceptive ste- 
roids, and the second session dealt with the use of ste- 
roids after menopause. These topics were chosen be- 
cause of their importance to women today and because 
of the great amount of misinformation that has been 
perpetuated about the dangers of these steroids. 

Women in the United States try to avoid unwanted 
pregnancies for at least one third of their lives and for 
half of their reproductive lives, particularly between 
the time of the birth of their last wanted child (average 
age, 29 years) and the time of menopause. After meno- 
pause most women need estrogen replacement therapy 
for the remainder of their lives. 

Oral contraceptive steroids, which have been used 
for 30 years, provide one of the most effective revers- 
ible methods of contraception. Although other options 
are available, most are not as effective and none are as 
popular in the United States. In addition, oral contra- 
ceptive steroids have many health benefits. Neverthe- 
less, statistics show that a higher percentage of married 
women in the United States used oral contraceptives 
18 years ago than in 1988. The formulations that were 
used 18 years ago contained higher doses of both es- 
trogen and progestin and were associated with an in- 
creased risk of potential adverse effects. It is paradoxic 
that although safer oral contraceptive formulations are 
now available to prevent pregnancies, a smaller per- 
centage of married women in the United States use 
them. The reason for this phenomenon is that most 
women have many concerns about these steroids. The 
main concerns that women have about oral contracep- 
tives are as follows: (1) the potential increased risk of 
developing cancer, particularly breast cancer; (2) a po- 


From the Department of Obstetrics and Gynecology, School of Med- 
icine, University of Southern California. 
6/0/137618 


tential adverse effect on the reproductive system that 
might lead to sterility and endanger future pregnan- 
cies; and (3) potential adverse metabolic effects that 
might lead to heart attacks, stroke, pulmonary emboli, 
and ultimately death. These concerns and fears are 
unwarranted. Data presented at this symposium show 
that the new low-dose steroids are safe and actually 
provide many noncontraceptive health benefits, in- 
cluding prevention of two lethal cancers (ovarian and 
endometrial). 

The second half of the symposium was devoted to 
estrogen replacement after menopause. Female life ex- 
pectancy in both developed and developing countries 
is increasing, mainly because of better obstetric care. 
Thus one third of the life of the average woman in the 
United States occurs after the menopause. This is a 
time of estrogen deficiency, which poses a wide range 
of problems. In .the United States nearly 35 million 
women (30% of the female population) are in the post- 
menopausal age group; thus it is an important topic of 
public health concern. 

The consequences of estrogen deficiency can be cat- 
egorized as early problems (hot flushes, insomnia, 
depression, and other psychological symptoms); inter- 
mediate consequences, which occur approximately 5 
years after the menopause (atrophy of the vagina, uter- 
ine prolapse, urgency and stress incontinence, and thin- 
ning of the skin); and the most severe consequences of 
estrogen deficiency, which begin about 10 years after 
menopause. These severe problems were addressed at 
this symposium: the development of osteoporotic frac- 
tures, which can cause immobilization and death, and 
the acceleration of atherosclerosis in the coronary ar- 
teries and cerebral vessels, which leads to increased 
incidences of heart attacks and stroke, the number one 
cause of death in women. These problems can often 
be delayed or even eliminated by the administration of 
estrogen. | 

The studies presented at this symposium demon- 
strate that steroids are beneficial both to younger 
women (because they prevent unwanted pregnancy and 
because of their many noncontraceptive health benefits) 
and to older women (because they prevent the problems 
associated with estrogen deficiency). Steroids used in 
oral contraceptives and estrogen replacement therapy 


‘are thus beneficial to a woman’s health and longevity. 
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The safety of oral contraceptives: Epidemiologic insights from 


the first 30 years 


David A. Grimes, MD 
Los Angeles, California 


Because oral contraceptives are used by tens of millions of healthy women, their safety for short-term and 
long-term use is an important issue that has been examined in a large number of epidemiolegic studies. 
These studies have become more rigorous and have increasad in size and analytic sophistication over the 
years. Although breast cancer remains the most important safety concern, the bulk of recent data suggests 
that oral contraceptives have no overall impact on a woman’s risk of developing this disease. The results 
are less clear on the risk of cervical cancer and its precursors because of methodologic problems. 
However, the newer oral contraceptive formulations no longer appear to be associated with an increased 
risk of myocardial infarction or stroke. 1AM J Oaster GyNecot 1992;166:1950-4.) 


Key words: Epidemiologic studies, safety, breast cancer, ovarian cancer 


Oral contraceptives are one of the most thoroughly 
studied medications ever used. Because tens of millions 
of healthy women worldwide have used oral contra- 
ceptives during the past 30 years and because some 
women have used them for extended lengths of time, 
the safety of short-term and long-term use of these 
preparations is a public health issue of great impor- 
tance. Hence a large number of epidemiologic studies 
have been performed to address this concern. Oral con- 
traceptives confer important health benefits unrelated 
to contraception which were unsuspected 30 years ago. 
Recent sophisticated studies have also alleviated con- 
cerns about potential cardiovascular and neoplastic 
risks associated with use of the pill. This review will 
highlight some of the important epidemiologic findings 
that concern the safety of oral contraceptives. It will 
describe the main types of epidemiologic studies that 
have been performed, summarize information on the 
established health benefits of oral contraceptives, and 
comment on several putative risks and lingering can- 
cerns. 


Types of epidemiologic studies 


All epidemiologic studies can be portrayed in a ni- 
erarchy of scientific value. The main types of studies 
can be divided into two categories: observational and 
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experimental. In an observational study the investiga- 
tor merely observes what happens in clinical prac- 
tice. In contrast, in an experimental study the in- 
vestigator intervenes by assigning treatments to sub- 
jects. 

Observational studies can be further divided into de- 
scriptive and analytic studies. Descriptive studies in- 
clude case reports and case-series reports (several cases 
in a single report). Descriptive studies, which are often 
performed to characterize a new disease or persons 
with a disease, have no comparison group; thus they 
cannot be used to tesi hypotheses or to draw conclusions 
about causation. Their greatest scientific usefulness 
may be to generate hypotheses that can then be tested 
in more rigorous: studies. An example would be the 
case-series report that noted the appearance of func- 
tional ovarian cysts in women who use multiphasic oral 
contraceptives.’ 

Analytic studies can be divided into two types: cohort 
and case-control. In the former women are followed 
up from the time of exposure (e.g., use of contracep- 
tion) to outcome (e.g., myocardial infarction). Advan- 
tages of cohort studies include the ability to calculate 
incidence rates, relative risks, and attributable risks. 
Examples of cohort studies include the Royal College 
of General Practitioners’ study? and the Oxford/Family 
Planning Association study? in the United Kingdom 
and the Nurses’ Health Study‘ in the United States. In 
these prospective studies thousands of women are 
being followed up from the time of exposure to oral 
contraceptives. 

In contrast to cohort studies, case-control studies look 
backward in time. The investigator begins with an out- 
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come (e.g., myocardial infarction) and looks back in 
time for exposure (e.g., type of contraception used). 
Case-control studies have contributed much knowledge 
about rare events and events that take a long time to 
develop (e.g., cancer). Unlike cohort studies, however, 
case-control studies do not enable investigators to cal- 
culate incidence rates, relative risks, or attributable 
risks. Instead investigators calculate odds ratios, which 
provide a good proxy for relative risks for infrequent 
diseases. An example of this type of study is the World 
Health Organization study’ of the potential association 
between liver cancer and use of oral contraceptives. 

The randomized, controlled trial is clinical medicine’s 
closest approximation to the laboratory scientist’s ex- 
periment. Use of randomized, controlled trials is the 
only way to avoid the biases that can undermine analytic 
studies: selection bias, ascertainment bias, and con- 
founding. However, these trials are often complex and 
expensive to conduct. Because they rely on volunteers 
to act as subjects, the results may not be readily ex- 
trapolated to broad populations of women. In addition, 
this type of research poses unique ethical problems. 
Examples of randomized, controlled trials would be 
those that compare metabolic effects of different for- 
mulations of oral contraceptives.® 


Established health benefits 


Oral contraceptives may be the only prescription 
drug that increases life expectancy.’ This benefit is de- 
rived from the oral contraceptives’ powerful protection 
against several life-threatening diseases. The most im- 
portant noncontraceptive health benefit is protection 
against ovarian cancer. In many developed countries 
this is the leading cause of death from. gynecologic ma- 
lignancy. Women who use oral contraceptives for as 
little as 6 months gain significant protection against 
ovarian cancer.® Results from studies around the world 
have been strikingly consistent; the risk of epithelial 
cancers of the ovary is reduced by approximately 40%.° 
In the largest case-control study of this phenomenon? 
protection against ovarian cancer lasted a minimum of 
15 years after discontinuation of oral contraceptives. 
The longer a woman used oral contraceptives, the 
greater the protection gained; after 12 years of use, the 
risk of developing ovarian cancer was reduced by about 
80%. 

Protection against endometrial cancer is of the same 
order of magnitude: around 50%.° As is the case with 
ovarian cancer the protection against endometrial can- 
cer persists for a minimum of 15 years after the last 
use of oral contraceptives. The protection provided 
is greatest for those women who are at high risk, 
namely, nulliparous women. With increasing parity the 
protection moderates. All three main histologic types 
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of endometrial cancer are reduced in frequency by use 
of oral contraceptives.” 

The third life-threatening disease that is reduced in 
frequency by use of oral contraceptives is pelvic inflam- 
matory disease. Women who take oral contraceptives 
have only half the risk of being hospitalized for this 
serious infection compared with women who do not 
use oral contraceptives.” In addition, women who de- 
velop pelvic inflammatory disease while they take oral 
contraceptives tend to have milder infections as 
judged by  laparoscopy.'? Whether this effect 
is mediated through changes in cervical mucus, de- 
creased retrograde menstruation, decreased amount of 
monthly uterine bleeding, or other factors is unknown. 
Nevertheless the protection is strong and clinically 
important. 

Ectopic pregnancy is the fourth potentially fatal con- 
dition that is reduced in frequency by use of oral con- 
traceptives. Women who use oral contraceptives have 
approximately 90% fewer ectopic pregnancies than 
women who do not use contraceptives. Without ovu- 
lation pregnancy should be impossible in any site. 

Four conditions that impair quality of life are also 
reduced in frequency by use of oral contraceptives. 
These include iron deficiency anemia, primary dys- 
menorrhea, functional ovarian cysts, and benign breast 
disease.'* The benefit related to this protection is large 
on an international scale. An alleged increase in the 
risk of developing functional ovarian cysts among 
women who do not use multiphasic pills’ has not been 
corroborated by national statistics." 

In addition, four other protective effects of oral con- 
traceptives have been suggested, although they have 
not been well established. These include protection 
against leiomyomata uteri, osteoporosis, toxic shock 
syndrome, and rheumatoid arthritis. Duration-related 
protection against leiomyomata was observed in the Ox- 
ford/ Family Planning Association study." Because this 
report challenges traditional thinking about the asso- 
ciation between oral contraceptives and leiomyomata, 
this finding requires corroboration. Evidence is con- 
troversial about the magnitude and duration of pro- 
tection against osteoporosis,’ if it exists. A recent 
report” has found that oral contraceptives provide 
powerful protection against osteoporosis with longer 
use affording greater protection. The protection 
against toxic shock syndrome observed in a number of 
studies’? appears to have been mediated through use 
of less absorbent tampons by women who used oral 
contraceptives. Evidence remains divided as to pro- 
tection provided by use of oral contraceptives against 
rheumatoid arthritis."® Alternatively, use of the pill may 
modify the course of the disease and prevent severe 
forms from developing.” 
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Potential risks 


The single most worrisome question about the safety 
of oral contraceptive use Is its potential effect on the 
development of breast cancer. During the past three 
decades many large studies found no overall effect. 
Authoritative reviews’! of these studies, including two 
meta-analyses,* ™® have provided a reassuring picture. 
The aggregate relative risk of developing breast cancer 
is close to 1.0, with a very narrow 95% confidence in- 
terval. However, subgroup analyses have identified in- 
creased risks in certain populations, such as women 
aged 30 to 34 years or those with one child.’ In general 
these findings’ have been inconsistent. In addition, a 
large case-control study” in the Urited Kingdom found 


a duration-related increase in the risk of developing 


breast cancer among young women who had used oral 


contraceptives, although the authors noted no corro- 


boration from vital statistics of that nation. 

In an attempt to replicate these findings, investiga- 
tors in the United States reanalyzed the world’s largest 
case-control study of this questicn.** Among nullipa- 
rous women they noted a suggestion of an increase in 
risk of developing breast cancer with increasing use of 
oral contraceptives by young women, but the opposite 
trend was discovered among older women.” This sug- 
gests that long-term use of oral contraceptives may pro- 
mote breast cancer; that is, it may push forward in time 
the age at which breast cancer is diagnosed in women 
who are destined to develop the disease without having 
any net effect on a woman’s lifetime risk. 

Cervical cancer is a leading cause of cancer deaths in 
many developing countries. A large number of epi- 
demiologic studies’ have examined the potential asso- 
ciation between use of oral contraceptives and this ma- 
lignancy. The data are conflicting. In recent years sev- 
eral studies have reported an increased risk of 
developing cervical cancer among long-term users of 
oral contraceptives, for example, after 5 years of use.” 
It cannot be determined whether this reflects a causal 
relationship, because the study of cervical cancer poses 
serious methodologic challenges. For example, diag- 
nostic bias is often a problem because women who use 
oral contraceptives are more likely to have regular cy- 
tologic screening than other woren. The confounding 
effects of sexual behavior and cigarette smoking have 
not been adequately addressed m many studies. Nev- 
ertheless, it appears prudent to recommend that 
women who take oral contraceptives have cytologic 
screening a minimum of one time each year. 

Liver cancer is another malignancy of great impor- 
tance in the developing world. During the 1980s three 
case-control studies’ from the United States and United 
Kingdom reported an increased risk of developing liver 
cancer among women who used oral contraceptives. 
However, a large case-control] study® performed in de- 
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veloping countries by the World Health Organization 
found no increase in the risk of developing liver cancer 
with increasing duration of oral contraceptive use. 
Moreover, in developed countries no change in mor- 
tality rates among women from liver cancer has oc- 
curred despite extensive use of oral contraceptives dur- 
ing the past three decades. 

Cardiovascular disease is the leading cause of death 
among women in many parts of the world. Whereas 
early epidemiologic studiés? of high-dose oral contra- 
ceptives found significantly increased risks of devel- 
oping cardiovascular disease among users of the pill, 
several trends have led to a reassessment of that risk. 
First, studies have become more sophisticated and now 
take into account the potentially confounding effects 
of cigarette smoking. Second, in recent years women 
have been evaluated more carefully before they begin 
to take oral contraceptives, and those women who have 
serious underlying medical problems and older women 
who smoke have been less likely to use oral contracep- 
tives. Third, the formulations of oral contraceptives 
have changed dramatically; current formulations have 
a three- to fourfold decrease in estrogen dose and a 
10-fold decrease in progestin dose compared with the 
formulations initially prescribed. Hence the findings of 
early epidemiologic studies are likely irrelevant to to- 
day’s preparations. 

Use of oral contraceptives by healthy women who do 
not smoke does not appear to be associated with an 
increased risk of either myocardial infarction or stroke. 
Data from the United States*”** and the United King- 
dom’ have documented no increase in the risk of death 
from cardiovascular disease among contemporary users 
of oral contraceptives. Data from the Oxford/Family 
Planning Association study” also support the hypoth- 
esis that oral contraceptives that contain less than 50 
wg of estrogen are safer than higher-dose formulations. 

Some evidence suggests that the pathophysiology of 
myocardial infarction among women who used oral 
contraceptives in earlier studies was thrombosis. First, 
most studies, including the large Nurses’ Health Study’ 
from the United States, have found no increased risk 
of myocardial infarction among former users of oral 
contraceptives. If atherosclerosis were the cause then 
the risk should remain elevated after discontinuation 
of oral contraceptives. Corroborating evidence comes 
from autopsy studies of women who have died of myo- 
cardial infarction.** Second, there does not appear to 
be a duration-related effect between length of oral con- 
traceptive use and risk of infarction.” This also argues 
against deposition of plaque as the pathophysiology. 
Third, studies performed in monkeys have demon- 
strated significant protection against the development 
of coronary atherosclerosis in animals who were given 
high progestin-dose combination oral contraceptives 
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that altered their lipid levels adversely.” This suggests 
that the estrogen in oral contraceptives may have a 
direct protective effect on the wall of the coronary ves- 
sels analogous to the protection against coronary artery 
disease provided by estrogen replacement therapy 
given to postmenopausal women. 

The damaging effect of smoking has been clarified 
in recent years. In the Royal College of General Prac- 
titioners’ study” the risk of myocardial infarction has 
been analyzed by amount of smoking and use of oral 
contraceptives. Current users of oral contraceptives 
who did not smoke had no increased risk of infarction. 
Current users of oral contraceptives who smoked fewer 
than 15 cigarettes a day had more than a threefold 
increase in risk. On the other hand, current users of 
oral contraceptives who smoked 15 or more cigarettes 
a day had a 21-fold increase in risk, a powerful syn- 
ergistic effect. The consensus is clear: oral contracep- 
tives are safe, and smoking is dangerous. It has been 
wryly noted that a strong case can be made on public 
health grounds for making oral contraceptives available 
over the counter and cigarettes available on prescrip- 
tion only. 

In addition to the risk of developing cancer and 
cardiovascular disease, a third concern women have 
about oral contraceptives is potential infertility after 
discontinuation of the pills. In the Oxford/Family Plan- 
ning Association study” the resumption of fertility after 
discontinuing oral contraceptives was similar to re- 
sumption of fertility after discontinuation of other 
methods of contraception, although a transient delay 
was found. A recent analysis™ of this question in the 
United States also confirmed a temporary delay of 
about 2 months on average in return of fertility. This 
delay was dose related. Lower-dose pills were associated 
with a shorter delay than were higher-dose pills. 


The current status 


In summary, recent, large, and sophisticated epide- 
miologic studies around the world have provided an 
encouraging assessment of oral contraceptives. Oral 
contraceptives protect against the development of ovar- 
ian and endometrial cancers, pelvic inflammatory dis- 
ease, and ectopic pregnancy; they also protect against 
the development of iron deficiency anemia, primary 
dysmenorrhea, functional ovarian cysts, and benign 
breast disease. Most studies show no overall-effect on 
the risk of developing breast cancer. The potential ef- 
fect of long-term oral contraceptive use on breast 
cancer remains controversial and will require further 
evaluation. Although several studies have suggested an 
increased risk of developing cervical neoplasia with 
long-term oral contraceptive use, methodologic diffi- 
culties preclude drawing conclusions about causality. 
Nevertheless, women who use oral contraceptives 
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should have routine cytologic screening. Several lines 
of evidence argue against an association of oral con- 
traceptive use with liver cancer. 

The increased risk of developing cardiovascular dis- 
ease among women who use oral contraceptives in older 
studies does not appear to relate to contemporary oral 
contraceptive use. In recent studies neither current nor 
previous oral contraceptive use has been shown to in- 
crease the risk of myocardial infarction or stroke. 
Atherosclerosis does not appear to be an important 
cause of myocardial infarction in women who use oral 
contraceptives. Finally, a transient delay in return of 
fertility can occur after use of oral contraceptives is 
discontinued, although the effect is lessened in women 
who use low-dose oral contraceptives. 

When future medical historians look back on the 
twentieth century, the development of oral contracep- 
tives will stand out as a landmark medical achievement. 
Like antibiotics, oral contraceptives are life-saving med- 
ications. Their use worldwide has averted much mor- 
bidity and mortality related to unintended pregnancy. 
Moreover, when used by healthy women, the noncon- 
traceptive benefits outweigh the risks involved. To 
paraphrase William Foege, MD, former director of the 
Centers for Disease Control, “This may be the most 


noble medicine of all...the anonymous gift of 
health.” 
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Clinical and metabolic considerations of long-term oral 


contraceptive use 


Ian F. Godsland, BA, David Crook, PhD, and Victor Wynn, FRCP, FRCPath 


London, United Kingdom 


Newer lower dose formulations are associated with an improved cardiovascular disease risk marker profile, 
which supports their use for longer periods and among older women. Epidemiologic studies of the newer 
formulations are limited. Without clinical information, an-evaluation of the effects of more recent 
formulations on metabolic risk markers for cardiovascular disease is useful. In a large cross-sectional 
study, a reduction in the progestin dose and use of alternative progestins substantially reduced the 
proportion of oral contraceptive users with values associated with an increased risk of cardiovascular 
disease. No progression in metabolic changes was found by analyzing the effect of the duration of oral 
contraceptive use. The user's age interacted positively with the oral contraceptive—induced increase in 
serum triglyceride levels, but there was no interaction of age with the oral contraceptive’s effect on oral 
glucose tolerance, glucose and insulin responses, low-density lipoprotein cholesterol, or high-density 
lipoprotein subfraction 2 cholesterol levels. (AM J Osstet GYNECOL 1992;166:1955-63.) 


Key words: Cardiovascular disease, progestins, metabolic risk markers. 


With the introduction of low-dose oral contraceptives 
and more selective progestins such as desogestrel, ges- 
todene, and norgestimate, the possibility now exists that 
duration of oral contraceptive use may be prolonged 
and that oral contraceptive use may be extended to 
women older than age 35 years. Such use raises specific 
issues Of oral contraceptive safety. Questions to be ad- 
dressed include whether extending the duration of con- 
tinuous oral contraceptive use would result in a com- 
mensurate Increase in any possible risks and whether 
older women are at increased risk for adverse effects 
associated with oral contraceptive use compared with 
their younger counterparts. | 

Recommendations against the use of combination 
oral contraceptives in women older than 35 years are 
based on findings from some epidemiologic studies per- 
formed during the 1970s, principally the Royal College 
of General Practitioners’ Oral Contraceptive Study." ? 
This study found that cardiovascular disease was the 
principal adverse consequence of oral contraceptive 
use, with risk associated in women older than 35 years 
who were smokers. Most oral contraceptive formula- 
tions included in this and other epidemiologic studies 
contained 50 wg or more of estrogen. Currently sup- 
port exists for extending combined oral contraceptive 
use in older women based on the recognition that, as 
a result of the introduction of new, lower dose for- 
mulations, the risks are likely to have been significantly 
reduced since the original studies were performed. 
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Long-term oral contraceptive use and 
cardiovascular disease 


Studies of the older medium- and high-dose for- 
mulations still provide our only reliable information on 
long-term oral contraceptive safety and should be taken 
into account when considering issues related to cur- 
rently used formulations. Not all studies examined the 
interactions of duration of use and age of user with 
risk of cardiovascular disease. Those studies? that — 
showed a positive association between current oral con- 
traceptive use and cardiovascular disease and that spe- . 
cifically addressed interactions with age and duration 
are listed in Table I. ~ 

Effects of duration of oral contraceptive use. In the 
case-control study of mortality from myocardial in- 
farction by Mann et al.,>* most patients who took oral 
contraceptives had used them for 2 or more years. 
Other case-control studies have provided no evidence 
of an interaction of duration of use with cardiovascular 
disease risks associated with current oral contraceptive 
use. Likewise, prospective studies have provided little 
evidence of an effect of duration or use. The 1977 
Royal College of General Practitioners’ Oral Contra- 
ceptive Study described an increased risk of cardiovas- 
cular disease with increasing duration of use,® but this 
was not confirmed in subsequent reports.’ * There was 
also no evidence of increased risk of cardiovascular 
disease with prolonged duration of oral contraceptive 
use in cases in the Oxford/Family Planning Association 
Cohort.? 

Effects of age of oral contraceptive user. The case- 
control study of mortality from myocardial infarction 
of Mann et al.** found increased risk of coronary heart 
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Table I. Epidemiologic studies that showed an increased risk of ischemic heart disease in current oral 
- contraceptive users and examined the effects of duration of oral contraceptive use and age of the user 


Study 


Case-control studies 


. Duration Age 
effect effect 


Mann and Inman, 1975,? and Mann et al., 1976* Yes Yes 
Shapiro et al., 1979° No No 
Slone et al., 1981° No No 
Rosenberg et ål., 19807 No No 
Prospective studies : | . 
Royal College of General Practitioners’ Oral Contraceptive Study 19778 Yes Yes* 
Royal College of General Practitioners’ Oral Contraceptive Study 1981! No Yes* 
Royal College of General Practitioners’ Oral Contraceptive Study 1983? — - No Yest 
Vessey et al., 1989° | : | No — 





*All circulatory diseases. 
TAll arterial diseases. 


disease in women aged 40, to 44 years compared with 
their younger counterparts. However, the case-control 
study of survivors of a myocardial infarction of the 


Boston University Drug Epidemiology Unit* ê found, 


ne increased risk in older compared with younger oral 
contraceptive users. The concern about a correlation 
between the user’s age'and the risk associated with oral 
contraceptive use stems largely from the findings of the 
Royal College of General Practitioners’ Oral Contra- 
-ceptive Study. In the 1977 report on this study, a rate 
ratio of 2.0 was found for mortality from vascular dis- 
ease in women aged 25 to 34 years who had ever used 
oral contraceptives, whereas the corresponding rate for 
‘users aged 35 to 44 years was 4.5.8 In the 1981 report 


` on this study, the corresponding figures were 1.6 and 
, 3.3, respectively, among nonsmokers and 3.4 and 4.2- 


among smokers.' In the 1983 report on arterial disease, 
the corresponding figures were 1.5 and 1.8, respec- 
tively, among nonsmokers and 1.6 and 3.1 among 
smokers.? In the Oxford/Family Planning Association 
- Study most cases of vascular disease were in women 
older than 35 years of age." 

Effects of previous oral contraceptive use. An im- 


portant question in long-term oral contraceptive use is - 


whether there is an increased risk of cardiovascular 
disease in women who are not current users but who 
have used oral contraceptives in the past. None of the 


_ case-control studies that demonstrated -an increased 


risk in current users and in which risk in a past-user 
group was examined showed an increased risk of car- 
diovascular disease iri previous users. However, only 
one® of these studies was specifically designed to inves- 
' tigate the effects of past use. 

Among prospective studies, a past-use effect was ap- 
parent for cerebrovascular disease but not for ischemic 
heart disease in the Royal College of General Practitio- 
ners’ Oral Contraceptive Study.’ The Nurses’ Health 
Study" found some evidence of an increased risk of 
cerebrovascular disease with increasing duration of 


_ previous oral contraceptive use, although this relation- 


ship was not significant. In the Oxford/Family Planning 


Association Study,’ increased risk of mortality from 


ischemic heart disease was concentrated among ‘past 
users, but the authors noted that these women had 
generally stopped using oral contraceptives because 
they developed side effects. | 

Three studies have addressed the 1 issue of a past-use 


' effect in detail. In a case-control study from the Boston 


University Drug Epidemiology Unit, Slone et al.° noted 
a significant trend in increasing risk of myocardial in- 
farction with duration of previous high-dose oral con- 
traceptive use in women aged 40 to 49 years. This find- 


` ing was not confirmed by the Nurses’ Health Study” 


or by a subsequent study by Rosenberg et al.'? The 
design of the last study reproduced that of the earlier 
study by Slone et al., and they concluded that the ab- 
sence of a past-use effect could have reflected the 
change toward lower dose oral contraceptives and more 
selective prescribing. 


Metabolic risk markers for cardiovascular 
disease in long-term oral contraceptive use 


Information on cardiovascular disease risks associ- 


ated with the use of oral contraceptives containing less 


than 50 pg of estrogen is limited, although the available 
data suggest that risks may have been reduced.’** * Lit- 
tle is known of how the user’s age or duration of use 
interact with any risks associated with these low-dose 
formulations. The risks associated with low-dose oral 


. contraceptives containing the newly synthesized pro- 


gestins must also be evaluated. 

The difficulties in performing effective epidemio- 
logic studies on the effects of oral contraceptive use 
and the length of time needed before potential side 
effects can be confirmed have favored the use of al- 
ternative methods of evaluating long-term oral contra- 
ceptive safety. The most important method has been 


. the investigation of oral contraceptive—induced bio- 


Volume 166 
Number 6, Part 2 


3.5 


Mortality (per 1,000 woman —years) 





20 40 





Long-term oral contraceptive use 1957 





60 80 100 


HDL- cholesterol percentile range 


Fig. 1. Mortality from cardiovascular disease by HDL-cholesterol percentile in 3417 women. (Mod- 
ified from Jacobs DJ, Mebane 1, Bangdiwala S, Criqui M, Tyroler H. High density lipoprotein 
cholesterol as a predictor of cardiovascular disease mortality in men and women: the follow-up study 
of the Lipid Research Clinics Prevalence Study. Am J Epidemiol 1990;131:32-47.) 


chemical alterations, primarily in lipid and carbohy- 
drate metabolism. These disturbances resemble those 
_ seen in individuals at increased risk of cardiovascular 
disease. For example, in Fig. 1, data from the Lipid 
Research Clinics Prevalence Study show that in passing 
from the top to the bottom quintile of high-density 
lipoprotein (HDL) cholesterol concentrations, there is 


a threefold increase in cardiovascular disease risk in ° 


women.” Variation in the HDL subfraction’2 (HDL.) 
appears to be particularly important with regard to 


cardiovascular disease risk. Using data from our re- ` 


cent large cross-sectional study,’’ we have derived 
HDL.-cholesterol concentration’ quintile ranges for 
women who do not take oral contraceptives (n = 418) 
and determined the prevalence of women taking a com- 
monly used combination oral contraceptive formula- 
tion (150 wg of levonorgestrel + 30 pg of ethinyl! es- 
tradiol) occurring in each quintile. Prevalence ratios in 
each HDL.,-cholesterol quintile are shown in Fig. 2. 
There was a fourfold’ greater incidence of observed 
than expected oral contraceptive users in the lowest 
HDL-cholesterol quintile, the quintile associated with 
the greatest risk of cardiovascular disease. 

The plasma insulin concentration also provides an 
indicator of cardiovascular diséase risk. Elevated insulin 
concentrations are associated with potentially athero- 
genic changes in the arterial wall," elevated blood pres- 
sure,” and reduced fibrinolytic activity.” Hyperinsuli- 
nemia is also associated with insulin resistance, which 


was recently identified as a common factor in several 


biochemical disturbances seen in persons at increased 


risk of cardiovascular disease.” These biochemical dis- 


-turbances include. impaired glucose tolerance, low 


HDL-cholesterol concentrations, high low-density li- 
poprotein (LDL) cholesterol concentrations, hyperten- 
sion, and hypertriglyceridemia. Epidemiologic studies 
of the association between insulin concentrations 
and cardiovascular disease are limited, and reliable in- 
formation has only been obtained from studies in 


_men.™ ** Nevertheless, as shown in Fig. 3, it is likely 


that a substantial increase in cardiovascular disease risk 
will occur with increasing insulin concentrations. In the 
Helsinki Policemen Study, the incidence of coronary 


heart disease increased fivefold in the 10% of individ- 


uals with the highest insulin concentrations during an 
oral glucose tolerance test (OGTT) compared with 


those in the lowest quintiles of insulin concentration.” 


We defined comparable percentile ranges for OGTT 


‘insulin response in 346 women who did not take oral 


contraceptives and determined. the prevalence of 
women taking the low, fixed-dose levonorgestrel com- 
bination in each range (Fig. 4). A fourfold increase 
occurred in the proportion.of oral contraceptive users 
in the top tenth percentile, the percentile associated 
with the greatest increase in coronary heart disease risk. 

Whether oral contraceptive—induced metabolic dis- 
turbances affect the incidence of cardiovascular disease 


-in women who use oral contraceptives is unknown. Al- 
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Fig. 2. Prevalence ratios and confidence intervals for 286 users of an oral contraceptive formulation 
(30 pg of ethinyl estradiol + 150 pg of levonorgestrel) in HDL, cholesterol concentration percentile 


ranges defined in 418 nonuser control subjects. 


though the information from epidemiologic studies is 
limited, it is advisable to minimize these disturbances 
if possible. This can be achieved by reducing the es- 
trogen and progestin doses. It may also be possible to 
reduce the metabolic impact by using alternative oral 
contraceptive steroids. This is the underlying principle 
for the development and introduction of the new gen- 
eration of progestins, which include desogestrel, ges- 
todene, and norgestimate. These progestins have been 
selected for their lack of androgenic or antiestrogenic 
properties, which leads to a reduction in potentially 
adverse biochemical effects, particularly with regard to 
HDL cholesterol. — | 
In our cross-sectional study, variation in HDL-cho- 
lesterol concentrations was primarily caused by varia- 
tion in the HDL, subfraction.’” The percentage differ- 
ences between mean values for both HDL-cholesterol 
and HDL-cholesterol in nonuser control subjects and 
oral contraceptive users, who were taking one of seven 
different combined formulations, demonstrated a 
marked effect of the reduction in progestin dose, par- 
ticularly with the levonorgestrel formulations. The ef- 
fect of using alternative progestins was also apparent: 
lower mean values were generally found among women 
who used the low-dose norethindrone and desogestrel 


combinations. These findings were also the case when 
OGTT insulin responses were compared between the 
different formulations. We further analyzed the fre- 
quency distributions for these variables in the different 
oral contraceptive groups compared with the distri- 
bution in nonusers. The results indicate that reductions 
in metabolic impact apparent in the differences be- 
tween means are also apparent in the differences in the 
proportion of outlving values.” Thus the lower HDL,- 
cholesterol concentrations in users of fixed-dose levo- 
norgestrel-containing formulations compared with 
nonusers were the result of an increase in the propor- 
tion of abnormally low HDL.-cholesterol concentra- 
tions. As indicated earlier, such outlying values may be 
associated with an increased risk of coronary heart 
disease. 

These observations clearly demonstrate that a re- 
duction in the steroid dose of oral contraceptives and 
use of alternative progestins can markedly reduce po- 
tentially adverse metabolic changes, even among users 
of low-dose formulations. Thus extending oral contra- 
ceptive use among older women and prescribing oral 
contraceptives for longer periods may be appropriate. 

Just as it was possible to assess interactions of dura- 
tion of oral contraceptive use and age of the user with 
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Fig. 3. Mortality from coronary heart disease OGTT insulin area percentile in 982 men. (From 
Pyörälä K, et al. Acta Med Scand 1985;701(suppl):38-52.) 


% Users : % Nonusers 





20 40 60 80 90 100 
OGTT insulin response percentile | 


Fig. 4. OGTT incremental insulin area prevalence ratios and confidence intervals for 215 users of 
an oral contraceptive formulation (30 wg of ethinyl estradiol + 150 wg of levonorgestrel) in per- 
centile ranges defined in 346 nonuser control subjects. 
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Fig. 5. OGTT glucose area in 17 oral contraceptive users followed up for 37 months (left) and in 
groups of oral contraceptive users (number in parentheses) who have been taking oral contraceptives 
for up to 2, 5, 8, anc 12 years (right). (Data from Wynn V. AM J OBSTET GYNECOL 1982;142:739- 


46.) 


risk of cardiovascular disease in early epidemiologic 
studies, it should also be possible to assess the inter- 
actions of these same two factors with disturbances in 
metabolic risk markers. Few metabolic studies have ad- 
dressed these issues, but with the large body of data 
from our recent cross-sectional study, an analysis of the 
effects of these factors has been possible. 

Effects of duration of oral contraceptive use. Lon- 
gitudinal studies of the metabolic effects of oral con- 
traceptives have generally been short (<18 months) and 
have not included sufficient numbers of patients to dis- 
tinguish significant effects from the considerable in- 
traindividual variability that exists in metabolic vari- 
ables. An exception was the study by Wynn,” who 
found that in a group of women taking a commonly 
used combination oral contraceptive (150 wg of levo- 
norgestrel + 30 ug of ethinyl estradiol), deterioration 
in glucose tolerance progressed with time for up to 3 
years. In this study 173 women were tested before and 
3 months after they took the oral contraceptive; 86 of 
these women were tested after 15 months, 39 after 25 
months, and 17 after 37 morths. Results for the 17 
women in the longest series are summarized in Fig. 5, 
which shows the progressive increase in the area under 
the OGTT glucose concentration profile with increas- 
ing duration of oral contracepzive use. After the initial 
oral contraceptive—induced elevation in the OGTT in- 
sulin response, there was no such progressive change. 


The initial progression in deterioration in glucose tol- 
erance seen with this levonorgestrel formulation was 
not seen with a norethindrone-containing, low-estro- 
gen dose formulation.” 

In our cross-sectional study we further examined the 
effect of duration of oral contraceptive use in women 
who were current users of the same fixed-dose, levo- 
norgestrel-containing formulation that was studied in 
the earlier longitudinal study (150 pg of levonorgestrel 
+ 30 wg of ethinyl estradiol). We divided the users into 
approximately equal groups according to increasing 
duration of continuous oral contraceptive use. Mean 
OGTT glucose areas in women taking oral contracep- 
tives from 3 months to 2 years, from 2 to 5 years, from 
5 to 8 years, and from 8 to 12 years are shown in Fig. 
5. Results have been standardized for several con- 
founding variables, including age and percentage of 
ideal body weight. No continuing deterioration in glu- 
cose tolerance was seen from 2 to 12 years of use. Sim- 
ilar analyses for OGTT insulin area, fasting serum tri- 
glyceride levels, LDL cholesterol, and HDL, cholesterol 
(results not shown) showed no progression with in- 
creasing duration of oral contraceptive use. 

Effects of age of oral contraceptive user. If the age 
of the oral contraceptive user is a factor in the degree 
of metabolic disturbance induced by an oral contra- 
ceptive, then a different relationship between age and 
metabolic variables will be seen in users and nonusers. 
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Fig. 6. Regression lines for age (18 Lo 44 years) with serum triglycerides, LDL and HDL, cholesterol 
and OGTT incremental glucose and insulin areas in nonusers (n = 418, lipids and lipoproteins; 
n = 296, glucose and insulin) and oral contraceptive users (n = 346, lipids and lipoproteins; » = 215, 
glucose and insulin). *Significant associations (p < 0.05.) 


Table II. Age, percentage of ideal body weight, glucose area, OGTT insulin area, fasting serum 
triglycerides, LDL, and HDL, for women not currently using oral contraceptives who had never used 
them (never users) or who had used them in the past (former users) 


Variables 


Age (yr) 

% \deal body weight 

OGTT glucose area (mmol/L - min) 
OGTT insulin area (pmol/L - min)” 
Triglycerides (mmol/L)* 

LDL (mmol/L) 

HDL. (mmol/L) 


Mean + standard deviation. 
*Logarithmically derived data. 
tp < 0.05, tp < 0.01, by unpaired ¢ test. 


We addressed this issue by deriving the linear regres- 
sion equations for age with fasting serum triglycerides, 
LDL and HDL, cholesterol, and OGTT glucose and 
insulin incremental areas with standardization for a 
number of confounding variables including current 
and previous cigarette smoking, percentage of ideal 
body weight, family histories of heart disease and di- 


Never User (n = 67) 


Former user (n = 209) 


311 +79 32,3 + 6.6 
100.8 + 10.] 98.6 + 9.5 
35.8 + 50 36.0 + 5.5 
1629 — 587 + 917 1422 — 474 + 7107 
0.71 — 0.22 + 0.32 0.66 — 0.20 + 0.28 
2.49 + 0.83 2.47 + 0.70 
0.64 + 0.24 0.75: Œ O3Tt 


abetes, alcohol intake, and exercise habit. The analyses 
were performed for nonuser controls and for women 
taking the low, fixed-dose levonorgestrel] monophasic 
combination (150 pg of levonorgestrel + 30 wg of eth- 
inyl estradiol); this was the largest group we studied. 
The regression lines over the range of ages studied (18 
to 44 years) are shown in Fig. 6. A marked interaction 
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was apparent between age and oval contraceptive use 
with regard to the oral contraceptive—induced rise in 
fasting serum triglyceride levels; <riglyceride levels in- 
creased with age in oral contraceptive users but not in 
nonuser control subjects. However, with LDL choles- 
terol there was somewhat less of an effect of age in oral 
contraceptive users than in the nonusers, and there was 
no difference in interaction with age between users and 
nonusers with regard to HDL, cholesterol. There was 
also somewhat less of an effect cf age in oral contra- 
ceptive users with regard to glucose tolerance and neo 
difference between users and nonusers with regard to 
OGTT insulin response. 

Effect of previous oral contraceptive use. In our 
cross-sectional study, 276 women who were not current 
oral contraceptive users claimed to have accurate recall 
of their previous contraceptive history. Of these, 67 had 
never used oral contraceptives and 209 had used oral 
contraceptives previously but had not taken oral con- 
traceptives for at least 3 months (mean, 46.3 months). 
Metabolic variables were compared between never 
users and former users (Table II). 

The only significant differences between never users 
and former users were in OGTT insulin response and 
HDL, cholesterol. With standardization for age and 
percentage of ideal body weight, the difference in in- 
sulin response was no longer significant, and with stan- 
dardization for alcohol intake, the difference in HDL, 
cholesterol was no longer significant. Therefore there 
was no residual effect of previous oral contraceptive 
use on metabolic variables apparent in the group of 
former users we studied. 


Conclusion 


Epidemiologic studies of the older oral contracep- 
tives with high and medium does of estrogen suggest 
that women older than age 35 years are at higher nisk 
of cardiovascular disease from oral contraceptive use 
than their younger counterparts. Evidence for an effect 
of duration of oral contraceptive use or a past-use effect 
with these agents has not been confirmed. 

We found no apparent progression in metabolic risk 
markers for cardiovascular disease beyond 2 years of 
continuous oral contraceptive use. There was no po- 
tentially adverse interaction between the age of the user 
and the duration of use and the oral contraceptive’s 
effects on OGTT glucose and insulin areas, LDL cho- 
lesterol, and HDL, cholesterol. Older women who used 
oral contraceptives, however, appeared to have appre- 
ciably higher triglyceride concentrations than younger 
oral contraceptive users or nonusers of the same age. 
Furthermore, no effect of previous oral contraceptive 
use was apparent in former users. 
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These considerations support a cautious extension of 
oral contraceptive use among women older than 35 
years of age. However, regular health checks and mea- 
surement of serum lipid levels would be desirable. 
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The efficacy and tolerability of norgestimate/ethinyl estradiol 
(250 wg of norgestimate/35 weg of ethinyl estradiol): Results 
of an open, multicenter study of 59,701 women 


Benno Runnebaum, MD, K. Grunwald, MD, and T. Rabe, MD 
Heidelberg, Germany 


The efficacy and tolerability of a new oral contraceptive, norgestimate/ethinyl estradiol (250 pg of 
norgestimate/35 pg of ethinyl estradiol; Cilag GmbH Research, Sulzbach, Germany) were examined in an 
open-label study of 59,701 women who were evaluated during 342,348 menstrual cycles; 42,022 women 
completed the planned treatment regimen of six cycles. A use-efficacy (overall) Pearl index of 0.25 
pregnancies per 100 woman-years was calculated based on 342,348 cycles. Tolerability was assessed for 
all women who completed six treatment cycles. Reductions in mean cycle length and duration of bleeding 
were noted; 32% of the women experienced reductions in the intensity of bleeding by tne end of cycle 6. 
After six cycles of use, amenorrhea occurred in 1%, spotting in 4%, and breakthrough bleeding in 3% of 
the participating women. Treatment with norgestimate/ethiny! estradiol had minimal effects on weight, 
blood pressure, pulse, lipid metabolism, and blood glucose. Adverse effects (acne, nausea, or headaches) 
occurred at low frequencies and in many cases, were reduced compared with pretreatment levels. The 
results of this large-scale open trial were comparable with results from two other multicenter trials of the 
same formulation. (Am J OBSTET GYNECOL 1992;166:1963-8.) 


Key words: Norgestimate, ethinyl estradiol, progestins, oral contraceptives 


In recent years, much research has focused on the 
development of oral contraceptives with reduced hor- 
mone content.’ Both the estrogen and progestin com- 
ponents of oral contraceptive formulations are thought 
to contribute to minor adverse effects, such as nausea, 
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headache, and bleeding irregularities! and to more se- 
rious health problems, such as an increased risk of car- 
diovascular disease noted with high-dose formula- 
tions.” 

Among the minor adverse effects, nausea and head- 
ache are generally linked to estrogen dose. With the 
introduction of oral contraceptive preparations with 
estrogen doses of 50 ug or less, the incidence of these 
adverse effects has generally been reduced.' However, 
breakthrough bleeding (BTB) and spotting, which ap- 
pear to be determined by the estrogen/ progestin ratio, 
have been more difficult to address. 
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Most of the early studies suggested that the estrogen — 


content of oral contraceptives was related to venous but 
not to arterial thromboembolic disease.’ This finding 
led to investigation of the influence of' the progestin 
component of oral contraceptives on various risk fac- 
tors for occlusive arterial disease. In general, estrogen 
has a favorable effect on cholesterol fractions: it is as- 
sociated with a reduction m serum concentration of 
low-density lipoprotein cholesterol and an increase in 
high-density lipoprotein cholesterol, as well as in the 
high-density lipoprotein subfraction, HDL,. All pro- 
gestins now in clinical use, however, oppose the effects 
of the estrogen component.® 

Thus in recent years, one goal of oral contraceptive 


research has been the development of a highly selective . 


progestin with specific and potent progestational activ- 
ities and minimal or no androgenic effects.° Norgesti- 
mate (NGM), a progestin with marked progestational 
activity and a relative lack of androgenic activity, is 
promising in this regard.’ Orally administered NGM is 
rapidly absorbed, reaches peak blood levels within 30 
minutes to 2 hours, and has a plasma half-life of 6 to 
14 hours. In the laboratory NGM has been extensively 
studied. NGM and its major metabolite 17-deacetyl nor- 
gestimate ‘contribute to the biologic'response.* 

In previous clinical trials, the efficacy and safety of 
NGM _/ethinyl estradiol (EE) (250 pg of NGM/35 pg of 
EE; Cilest, Cilag GmbH Research, Sulzbach, Germany; 
Ortho-Cyclen, R. W. Johnson Pharmaceutical Research 
Institute, Raritan, N.J.) have been established.® ° The 


current open-label trial, which enrolled 59,701 women, 


for a planned treatment period of six cycles, was de- 
signed to generate additional data on the efficacy and 
tolerability of NGM/EE, with special emphasis on 
changes in bleeding and in metabolic parameters. 


Methods 


Study design. The trial was an open-label, noncom- 
parative study with a large patient population. The 
planned length of active treatment was six cycles. 

Patient selection. Women of childbearing age who 
were in good general health and had regular menstrual 
cycles of approximately 28 to 32 days’ duration {in- 
cluding 3 to 5 days of bleeding) were eligible for entry. 
Exclusion criteria included: (1) the presence of vascular 
or hematologic disorders such as acute or chronic 


thromboembolism, cerebrovascular illness, myocardial 


infarction, or ‘sickle cell anemia; (2) the’ presence of 
reproductive disorders such as amenorrhea, a history 
of herpes gestationis, or severe pruritus during preg- 
nancy; (3) suspected or current pregnancy; and (4) gen- 
eral medical problems such as liver or gallbladder dis- 
ease, cancer, or other metabolic derangements. 

Data collection. Data gathered during the initial visit 
included age, height, and weight, as well as information 
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on smoking habits, alcohol consumption, gynecologic 
history (including previous contraceptive use), family 
medical history, and the use of other concurrent med- 
ications: 

During the study, information on the cycle (including 
cycle length, duration and intensity of bleeding, lack of 
bleeding during tablet-free interval, occurrence of 
spotting or BTB, dysmenorrhea, and other gynecologic 
findings) was recorded by each patient on her study 
calendar, which she brought with her to the checkup 
examinations after the third and sixth cycles. 

Clinical variables measured during office visits before 
treatment and after the third and sixth cycle included 
blood pressure, pulse, and body weight. Concomitant 
symptoms, such as acne, nausea, breast tension, head- 
aches, or other, were recorded by the patient on her 
study calendar. Reports on adverse symptoms were elic- 
ited by a questionnaire. 

Laboratory variables, including serum cholesterol, 
serum triglyceride, and blood and urinary glucose 
levels, were evaluated in a subgroup of 3000 women 
before the study and after the third and sixth cycles. 

Evaluation of data. The efficacy of NGM/EE was. 
based on the computation of the overall Pearl index" 
for the entire study population and the related 95% 
confidence intervals, which were computed under the 
assumption of Poisson-distribution data.”! Tolerability 
was evaluated by tabulating data on the menstrual cycle, 
adverse experiences, routine physical findings, and 
measurements of serum cholesterol, triglyceride, blood 
glucose, and urinary glucose levels for patients who 
completed cycle 6 of treatment with NGM/EE. 


Results 


Premature termination. During the study, 59,701 pa- 
tients were enrolled by 1609 physicians. Treatment was 
discontinued prematurely in 6588 patients (11%). Ter- 
minations were at the physicians’ request, at the pa- 
tients’ request, or were the result of a joint decision 
(Table I). : | 

Patient characteristics. Among the 59,701 women 
who received NGM/EE, mean (+ standard deviation) 
age was 24.0 + 6.7 years, mean height was 166.4 + 6.3 
cm, mean weight was 61.2 + 9.0 kg, and mean Broca 
index was 103.0% + 23.3% (Broca index = body 
weight/0.9 x fheight/100]). The mean (+standard 
deviation) age at menarche was 12.9 + 1.3 years. Be- 
fore they received NGM/EE, 88% of the women had 


' a regular menstrual cycle (1.e., range, 24 to 32 days). 


Among women with regular cycles, the mean (+ stan- 
dard deviation) duration of the cycle was 28.0 + 2.2 
days, and the mean duration of bleeding was 4.9 + 1.3 
days. The intensity of the bleeding was designated as 
normal by 74% of the women, light by 13%, and heavy 
by 14%. Of the study subjects, 14% reported inter- 
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Table I. Persons responsible for decisions to withdraw. from treatment, by cycle 


gi T 
l 87 59 70 


] 300 516 (7.8) 
2 9] . 498 62 54 635 (9.6) 
3 397 -1909 258 193 2757 (41.8) 
4 104 709 64 154 1031 (15.6) 
5 49 294 99 40 405 (6.1) 
6 208 791 123 122 1244 (18.9) 

Totals 936 443] 6588 (100) 


menstrual bleeding (9% spotting and 5% BTB), and 
35% reported dysmenorrhea before treatment. 

At the time of enrollment into the study, 32% of the 
patients had already given birth; of these women, 88% 
had one or two children. Miscarriages and abortions 
had been experienced by 11% of the patients; of these 
women, 96% had had one or two such experiences. 
When questioned about their use of contraceptives, 
54% had not used contraceptives previously, and 46% 
had used oral contraceptives. Triphasic formulations 
were the most common preparations used. Patients 
were directly switched over to the new oral contracep- 
tive without a washout period. 

Gynecologic or other concomitant illnesses were doc- 
umented among 4.1% (2473) of the 59,701 patients. 
The most frequently reported disorders: were gyne- 
cologic, reported by 1285 patients, and metabolic or 
endocrine, reported by 718 patients. Infections of the 
cervix were the most frequently reported gynecologic 
disorder (17%), followed by those of the breast (8%). 
Disorders of the thyroid gland were reported by 669 
patients. Of the subjects enrolled, 1490 patients re- 
ceived concomitant therapy; thyroid medications were 
the most frequently used (by 923 patients). The high 
number of patients taking thyroid medications can be 
explained by the fact that iodine supplements are re- 
quired in some parts of Germany and were evidently 
considered thyroid medication. 

Efficacy. Efficacy was evaluated over 342,348 cycles. 
Pregnancies occurred in 71 women during the treat- 
ment period. Thus the use-efficacy Pearl index was 0.25 
pregnancies per 100 woman-years; the 95% confidence 
interval was 0.19 to 0.31. 

Tolerability. In all measures of tolerability, only the 
42,022 patients who completed six cycles of NGM/EE 
were included. 

Clinical variables. NGM/EE resulted in no significant 
changes in body weight, blood pressure, or pulse rate 
after six cycles of treatment. Mean body weight in- 
creased 0.6% over initial values. Mean systolic and di- 
astolic blood pressures increased 0.5% and 1.3%, re- 
spectively, and mean pulse rate decreased 0.7% over 
the initial values. 

Menstrual cycles. NGM/EE resulted in excellent cycle 
control, as demonstrated by the low incidence of BTB, 
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intermenstrual spotting, and amenorrhea. The per- 
centage of patients reporting BTB decreased from 
4.5% before therapy to 3% after six cycles of NGM/EE 
treatment. Ninety-four percent of the patients reported 
no BTB either before the study or during cycle 6 of 
therapy. In 3% of the patients BTB was no longer pres- 
ent compared with before therapy. Only 2% reported 
a first episode of BTB, and 1% reported BTB before 
therapy and in cycle 6. 

Similarly, the percentage of patients experiencing in- 
termenstrual spotting decreased from 9% before the 
study to 4% after six cycles of NGM/EE treatment. 


` Eighty-eight percent of subjects reported no spotting 


either before entry or during cycle 6 of therapy. Of the 
remaining 12%, 8% reported discontinuation of spot- 
ting after six cycles of NGM/EE, 3% who had not ex- 
perienced spotting before they entered the study re- 
ported it during cycle 6, and 1% reported spotting both 
before therapy and in cycle 6. 

Amenorrhea (no bleeding in a given cycle) occurred 
in only 1.4% of the women during cycle 6. 

The length of cycle 6 was unaffected by NGM/EE in 
62% of the patients, whereas it was shortened in 27% 
and lengthened in 11% compared with baseline values. 
The duration of bleeding in cycle 6 decreased or re- 
mained the same in 91% of patients (53% and 38%, 
respectively) and increased in only 9% of patients. Also, 
the severity of bleeding remained unchanged or was 
ameliorated in most patients in treatment cycle 6. 
Whereas 96% of patients experienced no change (64%) 
or a decrease in séverity (32%), only 4% reported an - 
increase compared with baseline values. . 

NGM/EE demonstrated no adverse effect on the re- 
productive tract during this study. Gynecologic disease 
was identified in 0.5% of the women at the beginning 
of the study and in 0.4% at the end of cycle 6. 

Laboratory values. Total serum cholesterol, triglycer- 
ide, and blood glucose levels were evaluated in 7% of 
the study population before the study and after the 
sixth cycle of NGM/ EE treatment. Cholesterol and tri- 
glyceride levels were assessed enzymatically. The num- 
ber of patients with serum cholesterol, triglyceride, and 
blood glucose levels within‘ normal limits at entry re- 
mained virtually unchanged during treatment. Of the , 
2197 patients who entered the study with total choles- 
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Fig. 1. Numbers of patients with serum cholesterol levels =5.2 and >5.2 mmol/L before and after 


six cycles of treatment. 


terol levels in the low or norma. range (<5.2 mmol/L), 


‘95% sull had low or normal levels after six cycles of. 


NGM/EE, and 5% had increzsed levels (Fig. 1). Of 
756 patients who entered the study with elevated cho- 
lesterol levels (25.2 mmol/L), 75% had levels remain- 
ing above 5.2 mmol/L, and tne remaining 25% had 
normal or low cholesterol levels (<5.2 mmol/L) after 
six cycles of NGM/EE. . 
Similar patterns were observed for serum triglyceride 
levels (Fig. 2). Of the 2075 patients who entered the 
study with low or normal triglyceride levels (<1.7 
mmol/L), 96% still had low or normal levels after six 
cycles of NGM/EE. On the other hand, of the 500 
patients who entered the study with high triglyceride 
levels (21.7 mmol/L), 72% still had high levels, and 
28% had normal levels of triglycerides after six I ‘cles 
of NGM/EE. 
Blood glucose levels appeared to be normalized by 
NGM/EE treatment (Fig. 3). Of the 2738 patients en- 
tering the study with low or normal fasting serum glu- 
cose levels (<6.4 mmol/L), 93% still had normal levels 
after six cycles of NGM/EE. Similarly, of 139 patients 
with initially high blood glucose levels (26.4 mmcl/L), 
48% had norma! levels at the end of the study. 
Adverse effects. The presence of acné, nausea, head- 


aches, and breast tension (tightness in the breasts) was: 


reported by each patient or her study calendar. The 


x 
> 


effect of NGM/EE on these side effects was evaluated 
by comparing the percentage of patients experiencing 
these symptoms at the pretherapy office visit with the 
percentage recording them after six cycles of treat- 
ment. Information obtained from the personal histories 
of 41,208 patients indicated that 35,556 (70%) never 
had acne either at any time before the NGM/EE study 
or during it. The incidence of acne was reduced from 
12% during the pretherapy cycle to 9% after the six 
cvcles of treatment. At the end of the sixth cycle of 
treatment, 8% of patients described their acne as per- 
sisting since before therapy, whereas 5% reported that 
it was no longer present. Only 1% of the patients who 
did not report acne before the study experienced it 
during the sixth cycle. | 

The incidence of headache also decreased during the 
study. Headache, which occurred in 13% of women 
before NGM/EE therapy, was reported by only 5% of 
subjects after six cycles of treatment. Headaches ex- 
perienced before the study improved in 9% of women, 
and only 2% of subjects reported worsening of their 
headaches during cycle 6 of the study. 

Nausea decreased from a pretreatment incidence of 
6% to 4% during the sixth cycle of treatment. Although 
5% of subjects reported that nausea was no longer pres- 
ent, 1% reported it as unchanged, and 1% experienced 
nausea for the first time during the sixth cycle. 
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Breast tension (tightness in the breasts) was reported 
‘by 12% of subjects before they entered the study. At 
the end of the study, 4% of subjects no longer reported 
this side effect. However, 9% of patients reported 
breast tension as a new side effect after six cycles of 
NGM/EE. 


Comment 


The: results of the present study, in which 59,701 
women received NGM/EE for up to six cycles, for a 
total of 342,438 menstrual cycles, support those of pre- 
viously reported multicenter trials, as reviewed by 
Corson® and Becker.® The use-efficacy Pearl index of 
0.25 reported in the current study is similar to the Pear! 
index of 0 in a 12-month European multicenter open 
study of 147 women" and 0.64 in a 24-month U.S. 
comparative study of 1473 women (compared with a 
Pearl index of 0.62 for norgestrel).® 

The adverse effects observed in the current study are 
also similar to those noted in earlier trials. In the 12- 
month open clinical trial (Cilag International Medical 
Documentation, Medoc-Report NRG 08238, 1989), 
only 16 adverse effects were reported by 11 patients. 
In that study NGM/EE had no effect on mean body 
weight or blood pressure. The mean duration and in- 
tensity of menstrual How decreased during therapy. As 
expected, BTB and spotting are elevated (3% and 13% 
of patients, respectively) during the first cycle but re- 
turned to baseline levels by cycle 3/4, and amenorrhea 
never occurred.’® 

Other studies confirm the safety and efficacy of 
NGM/EE. A small study (Cilag International Medical 
Documentation, Medoc-Report NRG 05301, 1985) (19 
patients) conducted in Germany demonstrated that 
NGM/EE resulted in no relevant alterations in the co- 
agulation system after the six cycles of treatment. An- 
other study (Cilag International Medical Documenta- 
tion. Medoc-Report NRG 05288, 1985) (21 subjects; six 
cycles) demonstrated that NGM/EE had very low an- 
drogenic activity, as determined by high levels of sex 
hormone~—binding globulin and low levels of free tes- 
tosterone. In the same study levels of follicle-sumulat- 
ing hormone, luteinizing hormone, estradiol, proges- 
terone, and prolactin confirmed the contraceptive ef- 
ficacy of NGM/EE. Furthermore, no clinically 
significant changes in fasting blood glucose or basal 
insulin levels were reported during this six-cycle study. 
Serum cholesterol and triglyceride levels, which were 
reduced in cycle 3, returned to baseline levels in cycle 
6. Low-density lipoprotein cholesterol levels decreased 
in both cycles 3 and 6, high-density lipoprotein cho- 
lesterol levels increased during NGM/EE treatment. 

In the current study, reductions in cycle length and 
duration of bleeding of 4% and 16%, respectively, were 
noted; 32% of the women experienced reductions in 
the intensity of bleeding. Similarly, spotting and BTB 
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decreased over time, with 97% of women reporting an 
absence of irregular bleeding by the end of cycle 6. 
Weight, blood pressure, and pulse were minimally af- 
fected. The percentage of women who experienced 
acne, nausea, or headache at the end of six cycles of 
treatment was lower than the percentage with these 
symptoms before treatment with NGM/EE. 

In general, for patients entering the study with nor- 
mal levels of total serum cholesterol, serum triglycer- 
ides, and blood glucose, these levels were still within 
the normal range after six cycles of NGM/EE treat- 
ment. Of those patients entering the study with high 
cholesterol and serum triglyceride values, 25% and 
28%, respectively, had normal levels after six cycles of 
NGM/EE treatment. In 50% of patients entering the 
study with high blood glucose levels, these levels were 
normal after six cycles of NGM/EE. Thus NGM/EE 
had minimal effects on total serum cholesterol, serum 
triglyceride, and blood glucose levels. These data are 
consistent with the more rigorous evaluations of these 
metabolic effects obtained in earlier trials.® ° 

To date all evidence indicates that NGM/EE is an 
effective oral contraceptive with a favorable profile for 
safety and patient tolerance, characterized by neutral 
or beneficial effects on metabolic functions and a low 
frequency of minor adverse effects. 
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Norgestimate: A clinical overview of a new progestin 


Jacques Bringer, MD 
Montpellier, France 


The efficacy and safety of a new monophasic oral contraceptive, norgestimate/ethinyl estradiol, containing 
the third-generation progestin, norgestimate (250 ug), and ethinyl estradiol (35 ug), are reviewed. 
Norgestimate/ethinyl estradiol demonstrates excellent contraceptive efficacy, with a Pearl index of 0.25. 
Cycle control is reliable, with a low incidence of breakthrough bleeding and spotting. Because of the 
minimal androgenicity of norgestimate, norgestimate/ethinyl estradiol has a low impact on carbohydrate 
and lipid metabolism. it neither reduces the vasodilatory and antiaggregatory prostacyclin nor increases its 
endogenous antagonist, thromboxane. Norgestimate/ethinyl estradiol has no significant effect on blood 
coagulation factors. All these characteristics suggest that norgestimate/ethinyl estradiol! may be associated 
with a lower risk of cardiovascular disease than other oral contraceptives currently available. Epidemiologic 
data, however, are not available, and physicians should be reluctant to prescribe it or any oral 
contraceptive to patients who have a history of vascular or thrombotic disorders. (Am J OBSTET GYNECOL 


1992;166:1969-77.} 
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Although all oral contraceptives are highly effective 
in preventing pregnancy, serious questions remain 
concerning their effect on cardiovascular disease, 
which is the leading cause of death in women in the 


United States.’ Oral contraceptives have been found to - 


induce changes in carbohydrate and lipoprotein me- 
tabolism that are similar to those associated with an 
increased risk of cardiovascular disease, primarily myo- 
cardial infarction and stroke. These changes include 
increases in insulin resistance and low-density lipopro- 
tein (LDL) cholesterol, the most atherogenic of plasma 
proteins, as well as a decrease in serum high-density 
lipoprotein (HDL) cholesterol.2° Many investigators 
have suggested that the negative impact of oral con- 
traceptives on carbohydrate and lipid metabolism plays 
a major role in increasing the risk of cardiovascular 
disease by means of atherosclerosis.* ’ This role is now 
being challenged, however, because the cause of myo- 
cardial infarction among women who use oral contra- 
ceptives has been determined to be thrombotic rather 
than atherosclerotic, and myocardial infarction occurs 
primarily in women older than 35 years of age who 
smoke cigarettes.*'° Thus a more rational explanation 
of the increased risk of cardiovascular disease may be 
that oral contraceptives induce a reduction in vasodi- 
latory and antiaggregatory prostacyclin or an increase 
in its endogenous antagonist, thromboxane (T’XA,)."! 
Although epidemiologic studies indicate that myo- 
cardial infarction is extremely rare in nonsmoking oral 
contraceptive users, the evidence suggests there is a 
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synergistic effect of contraceptive steroids and smoking 
on both the risk of myocardial infarction" and the in- 
hibition of prostacyclin. This hypothesis does not 
eliminate the important contribution of lipid alteration, 
however, because a reduction in HDL decreases pros- 
tacyclin synthesis in vitro’? and urinary excretion of 
the metabolites of prostacyclin directly correlates with 
serum HDL, cholesterol levels.“ Although it is known 
that decreased levels of HDL and particularly its 
subfraction HDL, are associated with the risk of cor- 
onary heart disease in the general population,” this 
relationship remains to be established in women who 
use oral contraceptives. However, considering the prev- 
alence of vascular risk factors in women older than 30 
years of age (Table I), it is only prudent to strive to 
maintain a normal blood lipid profile.'* "” 

British, ®” Swedish,” and U.S. studies have sug- 
gested that the incidence of venous thromboembolism 
decreased when the estrogen dose in oral contracep- 
tives was reduced. Although one case-control study” 
was unable to confirm these results, this may have been 
the result of an insufficient population base.” Another 
explanation for the reduced incidence of thromboem- 
bolic disorders in contraceptive users during the past. 
30 years may be that oral contraceptives have been 
withheld from women with a history of thromboem- 
bolism and in women scheduled for surgery. 

Changes in blood coagulation factors have also been 
studied as a possible explanation for the increased risk 
of thrombosis and myocardial infarction among women 
who use oral contraceptives. Oral contraceptives are 
contraindicated for women with congenital errors of 
coagulation. Oral contraceptives have been shown to 
increase various clotting factors (II, VII, VIII, IX, X, 
and XII) and decrease antithrombin I1,” although 
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Table I. Prevalence of cardiovascular risk 
factors among women aged 30 to 39 years* 


Risk factor | % of women 


Total cholesterol level >6.22 6.4 
mmol/L 

LDL level >4.14 mmol/L 7.0 

HDL level <0.91 mmol/L i 5.0 

Hypertension 0.5 

Obesity (metropolitan relative weight 13.6 
>130 lb) 

Diabetes 0.5 

Smokes >10 cigarettes/day PA a 

Parental history of coronary disease 32.3 
before 55 yr of age 

Coronary heart disease 0.5 


*Data from Wilson PWF, et al. JAMA 1989;262:41-4. 


the magnitude of change in the activity of coagulation 
factors has not demonstrated any degree of reliability 
in predicting an individual’s risk of thromboembolism. 
One study” suggests that oral contraceptives enhance 
the formation and resolution of fibrin and leave the 
hemostatic balance between coagulation and fibrino- 
lysis unaltered. In another study,” oral contraceptives 
enhanced fibrinolytic activity in premenopausal non- 
smoking women but not in young smokers. 

Carbohydrate metabolism also can be affected by oral 
contraceptives. There is evidence that androgenic pro- 
gestins, especially at higher dosages, can cause insulin 
resistance, increase plasma glucose and insulin levels, 
and impair glucose tolerance, although these effects 
rarely result in overt diabetes.” Therefore oral contra- 
ceptives have been contraindicated for women at risk 
for diabetes, such as former gestational diabetic pa- 
tients. 

As epidemiologic and clinical data revealed the long- 
term risks of oral contraceptives, the goal of contra- 
ceptive research has been directed toward developing 
formulations that reduce these risks while retaining op- 
timal contraceptive efficacy and acceptable cycle con- 
trol. The daily dose of the estrogen component (ethinyl 
estradiol) has already been decreased to the lowest level 
that prevents breakthrough bleeding. Now the impact 
of the progestational component on lipid and carbo- 
hydrate metabolism as well as on hemostasis should be 
minimized to increase the safety of the product. To- 
ward this goal, three new progestins—desogestrel, ges- 
todene, and norgestimate—have been developed for 
use in oral contraceptives, which ave likely to be avail- 
able in the United States in the 2arly 1990s. These 
steroids, which represent a new generation of proges- 
tins, have lower androgenicity than their predecessors 
and therefore have different clinical characteristics.” 

Results of clinical studies of a monophasic oral con- 
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traceptive (norgestimate/ethinyl estradiol) that con- 
tains norgestimate (250 wg) and ethinyl estradiol (35 
wg) demonstrate how one of these progestins has 
achieved the goal of promoting a more positive lipid 
profile, has a beneficial influence on prostacyclin me- 
tabolism, and has a negligible effect on coagulation fac- 
tors and carbohydrate metabolism without sacrificing 
efficacy of patient acceptability. Because of the latency 
and low incidence of side effects, it will be years before 
these clinical effects will be reflected in epidemiologic 
data. However, all indications are that this oral contra- 
ceptive may have fewer adverse metabolic effects than 
those currently available. 


Structures of norgestimate and other 
new progestins 


The three new progestins, like those preceding them, 
are 19-nortestosterone derivatives (Fig. 1). Desogestrel, 
with its C-1] methylene group, is metabolized to 3-keto 
desogestrel. Gestodene differs from levonorgestrel in 
that it has a double bond between C-15 and C-16. Nor- 
gestimate has a C-17 acetate group as well as a unique 
C-3 oxime group that inhibits its ability to bind to an- 
drogen receptors in target tissues, thus minimizing the 
androgenicity of the compound. 


Pharmacology of norgestimate 


Norgestimate has inherent progestational activity 
similar to that of progesterone itself (as shown by its 
strong binding affinity for progestin receptors in the 
rabbit uterus) (Fig. 2). However, it has minimal andro- 
genicity. This was demonstrated by its relative lack of 
ability to stimulate the ventral prostate growth in rats, 
its weak binding affinity (only 0.013 times that of di- 
hydrotestosterone) for rat androgen receptors (Fig. 3), 
and in its lack of affinity to bind to human sex hor- 
mone—binding globulin (SHBG).*'** After oral admin- 
istration to women, norgestimate is well absorbed and 
extensively metabolized before elimination.** Phar- 
macologic evaluation of the terminal metabolites re- 
vealed that 17-deacetyl norgestimate had a pharma- 
cologic profile similar to that of the parent compound. 
In contrast, two other metabolites, 3-keto-norgestimate 
and levonorgestrel, were considerably more andro- 
genic than norgestimate in these assays, which makes 
it unlikely that they made any significant contribution 
to the biologic activity of norgestimate. Furthermore, 
17-deacetyl norgestimate appears rapidly in serum 
after oral administration. The peak concentrations of 
this metabolite greatly exceed those of the parent com- 
pound, which indicates a substantial conversion of nor- 
gestimate to 17-deacetyl norgestimate.” In vitro it was 
identified as the major metabolite of norgestimate in 
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Fig. 1. The new progestins: desogestrel, gestodene, and norgestimate. 


human intestinal and hepatic tissues.” All these data 
support the conclusion that l7-deacetyl norgestimate 
is the major metabolite of norgestimate. 


Efficacy of norgestimate/ethinyl estradiol 


In a 12-month multicenter German study in which 
59,701 women completed 342,348 cycles of treatment, 
norgestimate/ethinyl estradiol (250 ug of norgesti- 
mate/35 ug of ethinyl estradiol) demonstrated excel- 
lent contraceptive efficacy, with an overall Pearl index 
of 0.25.” This is consistent with the reported rates of 
other combination oral contraceptives.** Several phar- 
macologic mechanisms are involved to ensure the com- 
pound’s contraceptive ability. Evidence that norgesti- 
mate/ethinyl estradiol inhibits ovulation was demon- 
strated by its ability to abolish the preovulatory 
luteinizing hormone peak (Fig. 4) and to lower plasma 
estradiol and progesterone to levels incompatible with 
ovulation.” A separate study showed that norgesti- 
mate/ethinyl estradiol alters the cervical mucus so that 
it is impenetrable to sperm. The results of another 
study” demonstrated that the endometrium, which 
showed neither proliferative nor infiltrative changes 
during norgestimate/ethinyl estradiol treatment, is 
most likely incompatible with implantation. These 
backup mechanisms increase the contraceptive reli- 
ability of norgestimate/ethiny! estradiol and more im- 
portant offer an extra degree of protection against 
pregnancy in case of a missed pill.. 
~ In oral contraception, reliable cycle control is critical 
to compliance and therefore to the use-effectiveness of 
the compound. In long-term multicenter comparative 
clinical trials with a low-dose norgestrel-containing oral 
contraceptive (0.30 mg of norgestrel plus 0.03 mg of 
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Fig. 2. Relative binding affinities (RBA) of norgestimate and 
progesterone for progestin receptors in the rabbit uterus. 


ethinyl] estradidl), norgestimate/ethinyl estradiol dem- 
onstrated a similar low incidence of breakthrough 
bleeding and a lower incidence of amenorrheic cycles 


than did the norgestrel-containing compound. With 


norgestimate/ethinyl estradiol, clinical side effects, es- 
pecially those associated with androgenicity, were in- 
frequent, and patient discontinuation because of these 
side effects was minimal. Weight gain was cited by only 
0.84% of subjects who took norgestimate/ethinyl es- 
tradiol (vs 1.54% of subjects taking norgestrel/ethinyl 
estradiol) as the reason for discontinuation, and acne 
was cited by another 0.84% of patients taking norges- 
timate/ethinyl estradiol (vs 1.20% of patients taking 
norgestrel/ethiny! estradiol) as the reason for discon- 
tinuation.”) 


Effect of norgestimate/ethinyl estradiol on SHBG 


In addition to binding to androgen receptors and 
exerting an androgen response directly, a progestin 
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Fig. 3. Relative binding affinities (RBA) of norgestimate and its metabolites for androgen receptors 


in the rat prostate (dihydrotestosterone = 1.0). 
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Fig..4. The effect of norgestimate/ethinvl estradiol on luteinizing hormone (LH) levels. 


may also cause unwanted androgenic side effects in- 
directly. Androgenic progestins can do this either by 
lowering serum levels of the carrier protein, SHBG, or 
by binding to it, thereby displacing testosterone and 


resulting in increased levels of free active testosterone 


(Table If). Estrogens increase SHBG levels, but in 
women taking oral contraceptives, androgenic proges- 
tins tend to oppose the estrogen-induced increase in 
SHBG.” Thus serum SHBG levels can be used to eval- 
uate the balance between thè androgenicity of the pro- 


gestational component and the estrogenic component 


in women taking oral contraceptives. The results could 
have clinical implications because decreased serum con- 
centrations of SHBG have been associated with an in- 


creased risk of myocardial infarction in postmeno- 
pausal women, which strengthens the link between an- 
drogenicity and atherosclerosis.” 

. In one clinical study,” norgestimate /ethinyl estradiol 
nearly doubled SHBG levels from their baseline levels 
after three and six cyc.es of therapy, while at the same 
time there was almost a 50% decrease in free testos- 
terone levels. In another study” that compared the ef- 
fects of norgestimate/ethinyl estradiol with those of a 
norgestrel-containing oral contraceptive, after four cy- 
clés serum SHBG levels were between 68.5% and 
161.2% above baseline levels in the norgestimate/eth- 
inyl estradiol group compared with only 12.8% to | 
26.2% above baseline levels in the norgestrel/ethinyl 
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Fig. 5. The effect of norgestimate/ethinyl estradiol on serum glucose at 1, 2, ang 3 hours after oral 


glucose load. There was basically no effect. 


estradiol group. These data further confirm the min- 
imal androgenicity of norgestimate. 


Glucose tolerance 


Most investigators have found that depending on the 
type and dose of progestin, oral contraceptives have an 
adverse effect on carbohydrate metabolism and in- 
crease blood glucose and plasma insulin.* +8 The clin- 
ical importance of this finding is that impaired glucose 
tolerance is among the main factors for the develop- 
ment of atherosclerosis, and the impact on the car- 
bohydrate metabolism paralleled the impact on lipid 
metabolism. Most investigators® °'** have found that 
norethindrone and the new generation progestins, ges- 
todene and desogestrel, have a more favorable impact 
on carbohydrate metabolism than the more androgenic 
norgestrel. However, Van der Vange et al.” reported 
that the areas under the curve for both insulin and 
glucose were unchanged by any of the seven oral con- 
, traceptives tested, including levonorgestrel, NOTENN 
drone, desogestrel, and gestodene. 

The effects of norgestimate/ethinyl estradiol on car- 
bohydrate metabolism were evaluated in 21 women 
during oral glucose tolerance tests conducted in the 
third and sixth treatment cycles and again in the second 
posttreatment cycle.” Norgestimate/ethinyl estradiol 
had no effect on serum glucose levels (Fig. 5). Although 
insulin levels were slightly higher in the sixth treatment 
cycle than during pretreatment, they returned to nor- 


mal range in the second posttreatment cycle. Data on 


‘the effects of norgestimate/ethinyl estradiol in gesta- 


tional, insulin-dependent, and noninsulin-dependent 
diabetic patients are not available. 


Lipoprotein metabolism 

Although it is known that high serum levels of LDL 
cholesterol represent a major risk factor for myocardial 
infarction and low serum levels of HDL-cholesterol are 


protective against myocardial infarction for women 


more than 30 vears old in the general population,” 5 


this relationship has not been found to.also be true for 


young oral contraceptive users. However, because HDL 
increases prostacyclin synthesis in vitro’ ? and corre- 
lates with urinary excretion or prostacyclin metabo- 
lites," it is possible that preventing a decrease in HDL 
levels could also reduce the thrombotic coronary risk 
in oral contraceptive users. Whereas the importance of 
maintaining a normal blood lipid profile with high 
levels of HDL and its subfraction is well recognized, 


recent eviderice demonstrates that the administration 


of HDL fractions to rabbits inhibits not only the de- 


` velopment and progression of fatty streaks and lipid 
‘deposition in the aortic wails in rabbits but can signif- 


icantly reduce preexisting experimentally induced ath- 
erosclerotic lesions." l 

` Norgestimate/ ethinyl estradiol results in significant 
increases in both HDL and HDL, levels after six cycles 
of treatment (Figs. 6 and 7)” and significant increases 
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Fig. 6. The effect of norgestimate/ethinyl estradiol on total 
HDL cholesterol! (HDL-C). HDL-C levels increased signifi- 
cantly after six cycles of treatment (*p < 0.01). 


Table II. Characteristics and poter.tial clinical 
effects of androgenic progestins 


Characteristics 
T Binding to androgenic receptors 
t Binding to SHBG 
| Blood SHBG levels 
+ Free testosterone levels 
Clinical effects 
| Serum HDL levels 
t Serum LDL levels 
| Serum triglycerides 
7 Insulin resistance 
+ Body weight 
t Cardiovascular risk 


in HDL in treatment cycles 3, 6, 12. and 24 without a 
significant change in LDL at 12 and 24 months." As 
expected with the progestins, which have low andro- 
genic activity in combination with estrogen,” norges- 
timate/ethinyl estradiol results in a moderate increase 
in triglyceride levels.” However, data from the Fra- 
mingham Study suggest that elevated triglyceride levels 
constitute a cardiovascular risk factor in women only 
when associated with low HDL levels.” 

There is a risk in uncritically accepting and inter- 
preting the results of any single study because of the 
numerous sources of variability in each: age of subjects, 
smoking, exercise, diet, weight, pretreatment lipid 
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Fig. 7. The influence of norgestimate/ethinyl estradiol on 
HDL, cholesterol (HDL,C). There was a significant increase 
in HDL,-C levels after six treatment cycles (*p < 0.02). 


levels, time of day the samples were drawn, and the 
methodology of analysis of the samples.” For example, 
of 25 published studies of oral contraceptives contain- 
ing 30 ug of ethinyl estradiol and 150 wg of levonor- 
gestrel, 12 studies reported that the LDL concentration 
was decreased and 13 reported it was unchanged. 
However, Chapdelaine et al. have shown that after 24 
cycles cf norgestimate/ethinyl estradiol (0.25 mg/0.035 
mg), mean serum HDL levels were significantly (0.12 
mmol/L) above baseline levels, whereas after 24 cycles 
of norgestrel/ethinyl estradiol (0.30 mg/0.03 mg), 
HDL levels were significantly (0.07 mmol/L) below 
baseline levels. These data appear to be reliable, es- 
pecially in view of the cumulative data showing that 
norgestrel has significantly more androgenic activity 
than does norgestimate. 


Effects of norgestimate/ethinyl estradiol 

on prostacyclins 

Vasodilatory prostacyclin inhibition or increased va- 
soconstrictory TXA, accivity may be important mech- 
anisms for the increased cardiovascular risk among 
women who take oral contraceptives and smoke ciga- 
rettes.'* -1 There is evidence that smoking decreases 
prostacyclin formation and increases platelet aggre- 
gation in women who use oral contraception.” 
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Fig. 8. The effect of NGM/EE on urinary dinor excretion, 6-keto metabolite of prostacyclin, and 
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Fig. 9. The relationship of HDL, cholesterol (HDL-C) to urinary excretion of the dinor metabolite 
of prostacyclin after norgestimate/ethinyl estradiol. (Source of data: Foidart."). 
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Foidart’s study” reveals that norgestimate/ethinyl es- 
tradiol has no influence on either the 6-keto metabolite 
of prostacyclin or thromboxane B, (TXB) metabolite 
of TXA, after six cycles of therapy. On the other hand, 
urinary dinor excretion, probably the most sensitive 
index in vivo of prostacyclin, increased significantly 
(Fig. 8) and correlated with total serum HDL, (Fig. 9). 
These findings suggest that the shysiologic regulating 
system of prostacyclin by HDL is not affected by nor- 
gestimate/ethinyl estradiol. Ylixorkala et al.'* have 
shown that desogestrel plus ethinyl estradiol has similar 
beneficial effects: it increased urinary dinor excretion 
but had no effect on 6-keto prostacyclin or TXB, ex- 
cretion. However, although desogestrel plus ethinyl es- 
tradiol increased HDL and HDL,, there was no cor- 
relation between urinary dinor excretion and HDL, 
concentration. Theoretically thes2 increases in prosta- 
cyclin metabolites and HDL might decrease the risk of 
occlusive-thrombotic vascular disorders. 


Blood coagulation factors 


The association of hypercoagulability with oral con- 
traceptive use is well documented, and these changes 
are likely to have a role in the risk of thromboembolism 
and myocardial infarction among women who use oral 
contraceptives, although long-term epidemiologic stud- 
ies are needed to show their clinical significance as re- 
liable indicators of risk.” 

A study conducted in Germany with 19 healthy vol- 
unteers demonstrated that norgestimate/ethinyl estra- 
diol produced no changes in fibrinopeptide A (the most 
sensitive marker of activation of the coagulation sys- 
tem), anticoagulation factors antithrombin III and pro- 
tein C, or coagulation-promoting factors fibrinogen, 
factor VII, and the components of factor VIII.” 


Summary 


The effects of norgestimate/ethinyl estradiol on car- 
bohydrate metabolism, lipid metabolism, prostacyclin 
synthesis, and blood coagulation have been presented 
in relation to the risk of cardiovascular disease, which 
is the leading cause of death in women in the United 
States. Because norgestimate has minimal androgenic 
activity, norgestimate/ethinyl estradiol has a low impact 
on these systems. The relative absence of effect of these 
parameters suggests that norgestirnate/ethinyl estra- 
diol may have the advantage of a greater degree of 
safety over older oral contraceptive formulations. How- 
ever, long-term epidemiologic studies are needed to 
determine if the above clinical results will be effective 
in decreasing the risk of cardiovascular disease asso- 
ciated with older oral contraceptive formulations. 
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Discussion [ 


Chairman Mishell. Dr. Grimes, can you present ev- 
idence to support your view that myocardial infarction 
in women who use oral contreceptives is caused by 
thrombosis and not atherosclerosis? Will you also dis- 
cuss why this risk is reduced with moderate- and low- 
dose oral contraceptive formulations? 

Dr. Grimes. The Engel et al. study’ from Europe 
probably provides the most compelling evidence. The 
investigators found that, in the cese of women who had 
been using oral contraceptives and died of myocardial 
infarction, thrombosis and not atherosclerosis was usu- 
ally the cause. In addition, evidence shows that women 
who formerly used oral contraceptives are not at in- 
creased risk for myocardial infarction after they have 
stepped using the oral contraceptives, and no dose- 
response effect is found. 

We do not see this effect with the low-dose pills, as 
shown in studies by Rosenberg et al.,* Stampfer et al.,’ 
and others. I believe the evidence is reassuring. 

Chairman Mishell. Dr. Grimes, the current trend is 
to continue to prescribe oral contraceptives for women 
who are older than 35 years of age. How will this pro- 
longed use of oral contraceptives affect a woman’s risk 
of developing breast cancer in later years? 

Dr. Grimes. Again, I believe compelling evidence 
shows that in general the use of oral contraceptives has 
no effect on the incidence of breast cancer. However, 
questions remain about long-term use of oral contra- 
ceptives by young women. Only continued studies over 
the next 15 to 20 years will determine whether the risk 
of breast cancer is related to the use of low-dose oral 
contraceptives. 

Chairman Mishell. Dr. Grimes, vou also showed that 
high dose oral contraceptives decrease the risk of de- 
veloping ovarian cysts and endometrial and ovarian 
cancers. Are the benefits still present with lower-dose 
agents? 

Dr. Grimes. I believe the literature concerning oral 
contraceptive safety should be rewr-tten for today’s low- 
dose pills. Two studies that were sufficiently large, how- 
ever. have looked at low-dose formulations. These are 
the Cancer and Steroid Hormone Study of ovarian can- 
cer and endometrial cancer.** These studies reported 
the same protective effect even with low-dose pills. 

Chairman Mishell. How long after menopause 
should women take oral contraceptives for menopausal 
symptoms? 
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Dr. Grimes. In general, my preference is to prescribe 
hormone replacement therapy, which has a lower dose 
of steroids than contemporary oral contraceptives. 

Chairman Mishell. It is not a lower dose—just a 


‘lowered biologic aczivity—because the steroids are less 


potent. 

Dr. Grimes. Yes. 

Chairman Mishell. How long must a woman wait 
after she stops smoking until she can be considered a 
safe candidate for oral contraceptive use? 

We have data on prostacycline and thromboxane 
levels; women who smoke and take the pill have a rel- 
ative excess of thromboxane. After they stop smoking 
the excess thromboxane disappears, and there is really 
no evidence of increased cardiovascular risk in women 
taking oral contraceptives who have stopped smoking. 
I believe that once a woman stops smoking she is not 
at increased risk for vascular disease. 

Mr. Godsland, we know that estrogen increases the 
blocd supply to the heart and that this effect is partially 
responsible for the cardioprotective effect of estrogen. 
Is anything known about the effect of oral contracep- 
tives on coronary artery blood flow? 

Mr. Godsland. I know of no evidence regarding the 
effect of oral contraceptives on coronary artery blood 
flow. However, to the extent that improvement in cor- 
onary artery blood How appears to be an estrogenic 
effect, those oral contraceptive combinations that are 
less progesterone dominant might be expected to have 
a positive effect on the coronary artery blood flow. 

Chairman Mishell. Mr. Godsland, you reported a 
good effect on high-density lipoprotein and low-density 
lipoprotein cholesterol with the low-dose estrogen and 
low-dose progestin pill. Can these new combination 
pills be used by women who already have hyperlipid- 
emia or hypertriglyceridemia and low high-density l- 
poprotein levels? 

Mr. Godsland. Certainly the newer progestins, in 
which the effects of estrogen are more apparent, are 
suitable for a woman who has, for example, a high low- 
density lipoprotein cholesterol concentration. I think 
we should be more careful with the more severe lipid 
abnormalities, such as hypertriglyceridemia. The phy- 
sician should proceec. with caution when the patient 
has a severe abnormality and should perform serial 
measurements of lipoproteins during oral contracep- 
tive use. However, if a woman is moderately overweight 
or has low high-density lipoprotein cholesterol levels, 
I would be fairly confident about prescribing the new 
combination pills. 
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Chairman Mishell. Do you believe that being over- 
weight by itself is a contraindication for oral contra- 
ceptive use? : 

Mr. Godsland. I would make a distinction between 
being moderately overweight—between 120% and 
135% ideal body weight—and severe obesity. Although 
I believe that severely obese patients should be carefully 
monitored, I am not sure an absolute contraindication 
exists. We need more information. 

Chairman Mishell. Dr. Runnebaum, is it safe to pre- 
scribe a product with norgestimate for women who 
have lipid abnormalities? ~ | 

Dr. Runnebaum. The information we presented in 
our paper were cumulative data about changes in lipid 
levels in women who receive the low-dose norgestimate 
oral contraceptive. We ae now performing further anal- 
yses of the pretreatment incidence of different types 
of lipid disorders, such as hypercholesterolemia, and 
are assessing the individual lipid changes during oral 
contraceptive use. 

Chairman Mishell. Dr. Bringer, what do you think? 

Dr. Bringer. In my opinion the epidemiologic data 
are insufficient to answer this question. We must be 
careful when we make individualized decisions and rec- 
ommendations, because even with the new compound, 
we have no data at this time on risk factors. 

Chairman Mishell. Can a woman undergo elective 
surgery if she is taking oral contraceptives? If the an- 
swer is no, how many days before surgery is it necessary 
to withdraw the oral contraceptives? 

Dr. Grimes. The current recommendation that 
women discontinue taking oral contraceptives about 30 
days before elective major surgery stems from case- 
control studies performed with older, high-dose pills 
in the early 1970s in the United Kingdom and the 
United States. In those studies a three- to sixfold in- 
crease in the risk of postoperative thrombosis was seen 
if a woman had been taking the pill. 

In general physicians have not recommended that 
patients discontinue oral contraceptive use before mi- 
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nor procedures, such as laparoscopy. To what extent 
those data are relevant to today’s low-dose pills remains 
to be seen. 

Chairman Mishell. Dr. Grimes, which factor do you 
believe has contributed the most to reducing the side 
effects of oral contraceptives, particularly ischemic 
heart disease and strokes: the reduced dosages of ste- 
roids, the better selection of users (in other words, ex- 
cluding smokers)? 

Dr. Grimes. I am not certain that Important question 
has an answer. We cannot disentangle which factor 
caused the decline. 

Chairman Mishell. Why are products that contain 
the new progestins not marketed in the United States 
when they have been marketed in Europe for at least 
5 years? 

Dr. Grimes. That is an imponderable question. We 
must deal with regulatory agencies in the United States. 

Chairman Mishell. I believe that these products will 
be marketed in the United States within the next few 
months. At least, we are hopeful they will be available 
because of their demonstrated value, as shown in the 
studies presented at this symposium. 
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Introduction to steroids in the menopause 
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Menopausal symptoms and signs. associated with the reduction of ovarian function include an increased 
incidence of cardiovascular disease and loss of bone mass as well as less serious but more uncomfortable 
symptoms such as vasomotor flushes and atrophy of the vaginal wall. Although unopposed estrogen 
effectively reverses these and other menopausal symptoms, it is well established that without the addition 
of progestin there is an unacceptably high risk of developing hyperplasia or cancer of the endometrium. 
‘Depending on the type and dose of orogestin added, however, this addition may reverse estrogen’s 
beneficial cardiovascular effects and produce unwanted side effects. Lawer doses and newer progestins, 
such as norgestimate, gestodene, and desogestrel, have demonstrated a decreased potential to reverse 
the positive cardiovascular effects of estrogen while still eradicating persisting or de novo endometrial 


hyperplasia. (AM J Osstet GYNECOL 1992;166:1980-5.). 


Key words: Progestin, hormone replacement therapy, menopause 


In addition to mitigating vascmotor symptoms and 
alleviating urogenitary discomfcrts, estrogen replace- 
ment therapy favorably influerices the incidence of 
fractures and cardiovascular disease. The symptomatic 
relief of estrogen deficiency symptoms has long been 
_ recognized. Despite the fact that 80%.of women at some 
time experience symptoms of estrogen deficiency, only 
a few receive replacement therapy. Because of various, 
mainly nonmedical factors, the percentage of women 
in industrialized: countries who use hormoné replace- 
ment therapy varies from 4% to 40%. The duration of 
therapy is usually short (6 months to 3 years) in mest 
countries. | | 

Including preventive. measures as an indication for 
hormone replacement therapy should lead to extended 
treatment periods provided that safety is maintained. 
Available cost-benefit analyses agree with the assumo- 
tion that lives could be saved if hormone replacement 
therapy was used more extensively. In addition, results 
from several studies'* show tkat quality of life is 
greatly improved in women using hormone replace- 
ment therapy compared with age-matched control sub- 
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jects. Hence a growing body of evidence suggests that 
hormone replacement therapy increases not only qual- 
ity but also quantity of lives. Yet hormone replacement 
therapy remains little used. Excluding the positive cost- 
benefit analyses, several other factors may lead to a 
rapid increase in the use of hormone replacement ther- 
apy within the next few years. 


Factors leading to increased use of hormone 
replacement therapy 


The number of women reaching the climacteric is 
rapidly growing as those women born after World War 
II now approach menopause. Generally this generation 
is better educated, partly as a result of input from the 
mass media such as television and radio. With the in- 
troduction of oral contraceptives in the early 1960s, it 
was suddenly possible to avoid an undesired pregnancy. 
With this accomplisament, it is inconceivable that this 
generation would accept the difficulty of menopausal 
symptoms. Furthermore, many of these women already 
have personal experience with hormonal medication 
such as oral contraceptives. 

In Europe some women of climacteric age complain 
about the noninterest and unwillingness of physicians, 
including some gynecologists, to recommend hormone 
replacement therapy.® A recent survey among general 
practitioners in Norway also confirmed that younger 
physicians and female colleagues were more prone than 
older and male colleagues to discuss hormone replace- 
ment therapy with women of climacteric age. There 
was also a correlation between interest in hormone re- 


Volume 166 
Number 6, Part 2 


Study Type 


Hospital case-control 
Population case-control 
Prospective controlled 
Gioss:tadional 


Prospective uncontrolled 


All studies combined 


Prospective controlled 
and cross-sectional 


0 0.5 


ea 
ne 


(Protective) 


Introduction to steroids 1981 





1 1.5 2 
(Adverse) 


Relative Risk (95% confidence interval) 


Fig. 1. Comparison of relative risks of coronary heart disease by study type among women receiving 
estrogen therapy. (From Stampfer M], Colditz GA. Prev Med 1991;20:47-63.) 


placement therapy and the physician’s knowledge 
about the pros and cons of such regimens. 

Information seems to be the primary need not only 
to gynecologists but also to journalists and politicians 
as well as to women and men in general. Such infor- 
mation should in particular be directed to cardiologists, 
orthopedic surgeons, geriatricians, and general prac- 
titioners, who are consulted by a considerable part of 
the female population of menopausal ages. It is also 
important to address the issue of potential health ben- 
efits to those women who do not experience vasomotor 
symptoms. A more detailed outline is difficult, because 
it would depend on the medical infrastructure of each 
community. 

‘Treatment periods may also be lengthened. The ev- 
idence suggests that estrogens and estrogen-progestin 
combinations prevent osteoporosis. Estrogens are 
mainly considered antiresorptive agents, but recent 
reports" ’ imply that estrogens could be used for the 
treatment of established osteoporosis, a fact that may 
be of great importance for future health strategies. Sev- 
eral consensus committees have concluded that estro- 
gen is most effective for preventing osteoporosis during 
the years surrounding menopause, which in turn would 
lead to treatment periods of 10 to 15 years. 

The cardioprotective effect of estrogens has also 


been documented (Fig. 1). Admittedly, results from 
large, multicenter, controlled clinical trials are unavail- 
able, but observational data are impressive and consis- 
tent with the notion that estrogens reduce cardiovas- 
cular disease by 50%.° Most studies of estrogen replace- 
ment therapy and cardiovascular disease enroll women 
with no previous manifestations of arterial disease. The 
arteriosclerotic plaque serves as an outstanding matrix 
for the formation of a clot. It would therefore seem 
possible that estrogen use could be potentially hazard- 
ous for women with advanced arteriosclerosis, provided 
that estrogens promote thrombotic events. In the Lei- 
sure World Study, Henderson et al., and Paganini-Hill 
et al. demonstrated that women with previous myo- 
cardial infarction or stroke also benefitted substantially 
from estrogen therapy. In fact the protective effect 
seemed to be the same regardless of previous history 
of arterial disease. Looking more specifically at this 
problem, Bush? in the Lipid Research Clinics study 
found that the relative risk of subsequent arterial dis- 
ease in women with a past history of myocardial in- 
farction was 0.2. Thus it seems as if those subjects who 
were at the highest risk had the most to gain from 
estrogen replacement therapy. Data from Sullivan et 
al.’° comply with this notion, as angiographically doc- 
umented arteriosclerosis diminished during estrogen 
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Fig. 2. Changes in lecithin and lysolecithin content of LDL during estrogen replacement therapy. 
EE, Ethinyl estradiol; NET, norethindrone; £2, estradiol. *p < 0.01; tp < 0.001. (Modified from 
Silfverstolpe G, et al. Acta Endocrinol 1981;95:527-33.) 


intake. The most dramatic reduction was seen in ad- 
vanced cases. If these data can be confirmed, estrogen 
therapy would be one of the more efficacious secondary 
prevention measures for women with previous myo- 
cardial infarction. 

Current users of estrogen replacement therapy seem 
to have a far better “protection” from cardiovascular 
disease than do former users, who in turn are better 
off than nonusers." These observations may imply that 
besides influencing atherogenesis, other mechanisms 
that improve cardiovascular function are also exerted 
by estrogens. Such mechanisms include vasodilatation 
and reduced vascular resistance, which in turn lead to 
an increase in blood flow.’® ” 

Also of interest is the observatior that lowering low- 
density lipoprotein (LDL) also improves rheologic 
properties of blood.“ The clinical relevance of such 
changes are supported by the findings of enhanced 
blood flow to skeletal muscle and higher muscle tension 
of oxygen after extracorporal removal of LDL (LDL- 
apheresis) in patients with hypercholesterolemia.’° Fur- 
thermore, experimental arteriosclerosis induced by 
high cholesterol levels is accompanied by an increase 
in vascular tone.® These findings may be related to 
impaired function of the endothelium-derived relaxing 
factor. Whether synthesis, release, or breakdown of en- 
dothelium-derived relaxing factor is affected by LDL 
cholesterol remains to be clarified.’® Recent data" also 
suggest that hemodynamic changes occur before the 
gross appearance of an atheroma. The changes in cho- 
lesterol metabolism and the concomitant reduction in 


blood pressure and improvement in hemorrheology in 
women who use estrogen remain to be clarified. 

It should be noted, however, that measuring quan- 
titative lipid changes may not be the full answer to the 
lipid-arteriosclerosis relationship. It has recently been 
established that qualitative changes, especially in LDL, 
play an important role in atherogenesis. Even mini- 
mally modified LDL particles may dramatically increase 
their atherogenicity. Such modifications in LDL com- 
prise above all oxidative processes. In addition to ‘it 
being highly atherogenic, oxidized LDL is character- 
ized by a low content of polyunsaturated fatty acids and 
lecithin and a higher content of lysolecithin in com- 
parison with native LDL. Estrogens increase lecithin 
and polyunsaturated fatty acids in plasma, concomitant 
with a reduction of lysolecithin (Fig. 2). It would seem 
likely that the multifactorial effects of estrogen in re- 
ducing cardiovascular disease also include the reduced 
formation of modified (oxidized) LDL particles. 

Furthermore, dietary supplementation of n-3 fatty 
acids in pigs has resulted in augmented release of en- 
dothelium-derived relaxing factor from coronary ar- 
tery segments as well as increased sensitivity of vascular 
smooth muscles to the effects of endothelium-derived 
relaxing factor. Because estrogen-progestin combi- 
nations may influence the relative fatty acid composi- 
tion,’® other intriguing possibilities for estrogen effects 
may arise. 

The plasma concentration of estradiol after the ad- 
ministration of nonora! estrogens, such as those used 
in the transdermal patch, is similar to that of the fol- 
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Fig. 3. Variable dose responses to estrogen and progestin. 


licular phase and hence more closely resembles phys- 
iologic conditions than does oral therapy. A growing 
body of evidence suggests that most of the cardiopro- 
tection offered by estrogens is accomplished by direct 
effects on the vascular wall that comprise beth bio- 
chemical (e.g., effects on LDL oxidation and endothe- 
lium-derived relaxing factor) and physiologic events. 
Therefore nonoral estrogen delivery systems are likely 
to be as beneficial as oral estrogens in relation to car- 
dioprotection even though the plasma biochemical pro- 
file might be different. By avoiding the first passage 
through the liver, nonoral estrogens display less 
marked changes in liver-derived constituents as ex- 
emplified by factors belonging to the coagulation cas- 
cade. In addition, transdermal patches seem to lower 
triglyceride and LDL-cholesterol levels, thereby leaving 
high-density lipoprotein (HDL) levels virtually un- 
changed.°*° = ' ' 


Use of progestins in estrogen 
replacement therapy 


Whether progestins per se influence the incidence of 
cardiovascular disease is unknown. There is no natural 
situation in which progestogen ts secreted without the 
concomitant secretion of estrogens. Our current un- 
derstanding is based on reports in women who use oral 
contraceptives or are undergoing treatment for en- 
dometriosis or malignancies of the endometrium or 


breast, and results are blurred by the underlying dis- - 


ease. In fertile women the overall impression is that, 
progestin administration does not increase the risk of 


cardiovascular disease more than depletion of ovarian 
function would suggest. 

A decade ago data appeared in the literature indi- 
cating a metabolic difference between 17a-hydroxy- 
progesterone derivatives and progestogenic com- 
pounds derived from 19-nortestosterone. These data 
were based on studies comprising only three progestins, 
namely, medroxyprogesterone acetate as a member of 
the 17 a-hydroxyprogesterones and levonorgestrel and 
norethindrone as examples of 19-nortestosterones. 
However, more recent studies” on other progesto- 
genic compounds have not verified the extrapolation 
of the data on these three progestins to be valid for all 
progestins. Marked metabolic differences between pro- 
gestins exist, but the reasons are more complicated than 
a mere dissimilarity in parent chemical structure. Ear- 
lier preparations of medroxyprogesterone acetate had 
a poor oral bioavailability,” which to some extent ex- 
plains its relative inertness in previous work. By im- 
proving its absorption, medroxyprogesterone acetate 
now shows some of the characteristics of other pro- 


. gestins, for example, lowering of HDL levels.*>”° 


In several physiologic and biochemical events, pro- 
gestins counteract the effects of estrogens on insulin 
concentrations, triglyceride levels, and total and HDL- 
and LDL-cholesterol. They also produce vasoconstric- 
tion of estrogen-primed arteries. Therefore it is natural 


to assume that the addition of progestin might harm 


estrogen-induced cardioprotection. However, the scare 
epidemiology that exists does not support such an as- 
sumption. To date only three studies” ™ have addressed 
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the problem of cardiovascular disease and combined 
therapy. However, all three suggest that the progestin 
does not negatively influence cardioprotection. The 
progestins involved were norethindrone,” medroxy- 
progesterone acetate,” and levonorgestrel.” These 
findings are further supported by experimental data?’ 
and animal models.***' It should be stressed that in this 
context pharmacologically induced changes of HDL 
may not have the same clinical significance in relation 
to the risk of cardiovascular disease as HDL has in 
population-based samples.” 

Although insufficient, the results of these studies ran- 
der it necessary to have a revised hypothesis regarding 
the mechanisms by which female sex steroids influeace 
arterial function and integrity. As seems to be the case 
with bone mineral metabolism, progestins apparently 
do not counteract the estrogen effects but could in fact 
show additional or even synergistic effects. A novel hy- 
pothesis on mechanisms of action by estrogens and pro- 
gestins takes into account not only the classic receptor- 
mediated effects but also effects exerted by norge- 
nomic (1.e., non-receptor-mediated) actions (Fig. 3).°° 


Estrogens and adverse side effects 


Safety is of primary concern when dealing with pre- 
ventive measures. This is further accentuated when the 
number of users is growing and particularly when treat- 
ment periods expand. Estrogens are known to increase 
the risk of endometrial cancers, a side effect that can 
be controlled for by adding progestin to the estrogen 
replacement therapy. Two majcr problems remain: the 
breast cancer issue, which will be covered elsewhere, 
and the bleeding problem. The longer the treatment 
period, the more distress a patient experiences because 
of vaginal bleeding, especially if the bleeding is heavy 
and irregular. The bleeding pattern improves if com- 
pliance can be maintained, a fact that has been under- 
lined by the popularity of the fxed estrogen-progestin 
combination tablets that are available in Europe. 

The introduction of continuous combined prepara- 
tions offers a possibility for a number of women to 
receive hormone replacement therapy without bleed- 
ing and still be protected from endometrial hyperplasia 
and possibly endometrial cancer. With a growing un- 
derstanding of the reasons for bleeding from an atro- 
phic endometrium, continuous combined regimens 
could be improved.” The introduction of tibolone as 
treatment for climacteric symptoms is also noteworthy. 
This steroid combines estrogenic, progestogenic, and 
androgenic properties in one molecule. Its clinical per- 
formance and bone-preserving abilities are good.” 
Data on cardiovascular disease are lacking, but treated 
patients have lower triglyceride levels than do con- 
trol subjects and no significant alterations in LDL or 
HDL.” 
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The benefits and risks of hormone replacement therapy: An 


epidemiologic overview 


Susan Harlap, MB, BS 
New York, New York 


In postmenopausal women estrogers alone are effective in reversing vasomotor symptoms and vaginal 
atrophy. They also prevent the bone loss associated with osteoporosis and reduce the risk of 
cardiovascular disease, probably through their beneficial effects on lipid metabolism. Unopposed long-term 
estrogen therapy, however, increases the risk of developing endometrial hyperplasia, endometrial cancer, 
and possibly breast cancer as weil. The risk of developing endometrial cancer can be reduced by 
combining a progestin with the estrogen, by controlling obesity, and by rigorous clinical screening and 
surveillance. The effect of progestins on the risk of developing breast cancer is still controversial. Although 
some progestins may reverse the cardioprotective effect of estrogens, those with minimal androgenicity 
appear less likely to do so. Hormone replacement therapy that combings estrogen with a progestin of 
minimal androgenicity is thus a rational alternative to unopposed estrogen therapy. Current epidemiologic 
knowledge suggests that the benefits of hormone replacement therapy, with or without any progestins, 
strongly outweigh the risks. (AM J Opstet GYNECOL 1992:166:1986-92.) 


Key words: Hormone replacement therapy, estrogens, progestins, cardiovascular disease, 


breast cancer, endometrial cancer 


It has been known for many years that lack of estro- 
gen is the cause of menopausal symptoms. In 1932 Geist 
and Spielman! first proposed that women be given es- 
trogens to reverse these symptoms. In the 1940s a link 
was established between estrogen deficiency and osteo- 
porosis,’ and in the 1950s it was recognized that estro- 
gen inhibited atherosclerosis.’ A clinical trial* with men 
as subjects was performed to test the hypothesis that 
high doses of conjugated estrogens would prevent cor- 
onary heart disease; the trial was stopped when the men 
who had been treated with estrogen experienced more 
nonfatal myocardial infarction, pulmonary embolism, 
and thrombophlebitis than did the untreated men. ‘The 
trial did not study the more physiologic low doses of 
estrogens that are now used in postmenopausal women, 
and women were not studied. Scientists hesitated many 
years before they accepted that the side benefits of es- 
trogen therapy in postmenopausal women included the 
long-term prevention of cardiovascular disease. 

The short-term benefits of estrogen were recognized 
early, however, and in the 1960s and 1970s estrogen 
replacement therapy became mcreasingly popular. Be- 
tween 1966 and 1975 the number of prescriptions for 
estrogen that were dispensed annually doubled.®> When 
it became clear that unopposed estrogen replacement 
therapy was associated with an increased risk of en- 
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dometrial hyperplasia and cancer,*” however, sales of . 
estrogen dropped abruptly." During the late 1970s the 
pathogenesis of endometrial hyperplasia was eluci- 
dated, and the ability of progestins to antagonize it was 
discovered. By 1981 the addition of progestins to es- 
trogen therapy had been shown to reduce the incidence 
of endometrial abnormalities.* The use of hormone re- 
placement therapy by postmenopausal women has in- 
creased steadily since then. 

Many studies have evaluated the long-term safety of 
estrogen replacement therapy. Most dealt with “un- 
opposed” estrogens because they were used before the 
introduction of progestin-estrogen combinations. Ex- 
perience with younger women (i.e., those who use oral 
contraceptives) has shown that progestins have a range 
of side benefits and risks that differ markedly from 
those of estrogens. The new popularity of combined 
hormone therapy in perimenopausal and postmeno- 
pausal women has raised new questions about the over- 
all benefits and risks of such treatment. 


Benefits of estrogens 


Reduced risk of cardiovascular disease. Over- 
whelming evidence has been provided by epidemiologic 
studies of a protective effect of estrogens against car- 
diovascular disease in women.® ° This is true whether 
the endpoint is myocardial infarction, stroke, or all car- 
diovascular disease and whether the researchers have 
studied nonfatal or fatal events or both. Although the 
results of different studies have varied, the relative risks 
of cardiovascular disease observed in women who use 
estrogens have been between 0.2 and 0.7 in prospective 
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Fig. 1. Relative risks of cardiovascular disease and myocardial infarction in women who use estrogens 
in retrospective (case-control) and prospective (cohort) studies. Excludes small studies and those 
based on deaths only. (Data from Ernster et al. Prev Med 1988;17:201-23.) 


studies and somewhat higher in retrospective studies 
(Fig. 1). Studies based only on fatal events have shown 
similar results.'' Important cohort studies that have led 
to this knowledge include the Nurses’ Health Study," 
which followed more than 48,000 women for nearly 
338,000 person-years, and found that relative risks in 
those who used estrogen included 0.56 for major cor- 
onary disease, 0.97 for stroke, and 0.72 for total deaths. 
Another prospective study” that followed more than 
24,000 women found a relative risk for myocardial in- 
farction of 0.7. Other notable studies include that of 
the Royal College of General Practitioners" (relative 
risk of myocardial infarction, 0.8); the Leisure World 
study (relative risk of death from myocardial infarc- 
tion, 0.47); the Walnut Creek study” (relative risk of 
death from cardiovascular disease, 0.6); the Lipid Re- 
search Clinic study’® (relative risk of death from cor- 
onary disease, 0.75 after adjustment for age or 0.99 
after adjustment for other risk factors); and the Fra- 
mingham heart study,'” '* in which the relative risks 
have varied from 0.4 to 2.2, depending on the end- 
point, age group, and other risk factors. 

Stampfer et al? have recently conducted a meta- 
analysis of these and other studies of women who use 
estrogen and showed a summary relative risk of car- 
diovascular disease in appropriately designed cohort 
studies of 0.58, whereas other cohort studies together 
showed higher relative risks. Case-control studies 
showed the highest relative risks. The authors dem- 
onstrated that whereas case-control studies that used 
population-based controls showed a significantly re- 
duced summary relative risk of 0.76, those that used 
hospital-based controls showed no such protection. 


Stampfer et al.’® and others have argued that this in- 
consistency is explained by the inadvertent inclusion in 
hospital-based case-control studies of controls who have 
conditions that are negatively associated with estrogen 
use (e.g., fractures). 

The protective effect of estrogens against cardiovas- 
cular disease does not appear to be explained by the 
better health of estrogen users, although this point re- 


mains controversial. A protective effect has been ob- 


served in women of different ages, including older 
women,!? '§ smokers, and women who have had an 00- 
phorectomy.’” The protective effect is not clearly re- 
lated to estrogen dose or duration of use." 

Estrogens improve the lipid profile in the direction 
that is consistent with their beneficial effect on cardio- 
vascular disease. Estrogens increase high-density lipo- 
protein cholesterol and reduce low-density lipoprotein 
cholesterol and total cholesterol levels,’** effects that 
change the risk of cardiovascular disease.*"*’ These ef- 
fects are seen in women of different ages, in women 
with and without ovaries, in healthy women, and also 
in those who have a history of cardiovascular disease. 
Thus a major proportion of the beneficial action of 
estrogens is assumed to be through their effects on 
lipids and subsequently atherosclerosis, although they 
may also have other effects. 

The main cause of death among women (and men) 
in the United States is cardiovascular disease.” There- 
fore if estrogen replacement therapy resulted in even 
a small decrease in the relative risk of cardiovascular 
disease, it would lengthen the life expectancy of a large 
number of women. 

Henderson et al.” estimated the beneficial effects of 
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Fig. 2. Relative risks of cancer of endometrium and breast in women who use estrogen. 


estrogens in the number of deaths prevented. At age 
65 to 74 years women in the United States would ex- 
perience approximately 284 per 100,000 fewer deaths 
annually from coronary artery disease if they currently 
used estrogen compared with those who do not use 
estrogen. They also estimated that 49 per 100,000 
fewer annual deaths would occur from cerebrovascular 
accidents, although the relationship with this endpoint 
to estrogen replacement therapy ‘is now more contro- 
versial.'' One can speculate that the benefit of estrogen 
replacement therapy might be even greater in smokers, 
who. have a substantially increased risk of cardiovas- 
cular disease and are also in greater need of estrogen 
replacement therapy to prevent osteoporosis. '° 
Reduced risk of osteoporosis and bone fracture. Os- 
teoporosis is a major health problem in elderly women. 
From 25% to 44% of women experience spontaneous 
fractures‘after menopause.” °° Epidemiologic evidence 
clearly demonstrates that estregen can retard the de- 
velopment of osteoporosis and substantially decrease 
the risk of osteoporotic and hip fractures." A minimum 
of 6 years of estrogen replacement therapy reduces the 
risk of hip fracture and Colles’ fracture by 50%. This 
protection diminishes after the use of estrogen is 
stopped. Estrogen protects against fractures of the hip, 
forearm, and vertebrae. 
Henderson et al.” estimatec that estrogen replace- 
ment therapy would reduce tke annual mortality rate 
caused by hip fractures in women in the United States 


aged 65 to 74 years from 55 per. 100,000 to 22 per 
100,000. 


Long-term risks of estrogen replacement therapy 


Increased risk of endometrial cancer. Endometrial 
cancer ranks third among the most common cancers in 
women in the United States, with an estimated annual 
incidence in the range of 39,000 to 42,000 cases.*7'*? In 
1987 alone the National Cancer Institute estimated that 
2900 deaths resulted from endometrial cancer and 
35,000 new cases of endometrial cancer developed in 
the United States.” Because vaginal bleeding is an early 
symptom, diagnosis is usually prompt and the prog- 
nosis is favorable: the 5-year relative survival rate is 
93% among white women with stage I disease and 84% 
for all stages combined. With or without estrogen treat- 
ment, the risk of endometrial carcinoma is known to 
increase with nulliparity or low parity, obesity, diabetes, 
and a family history of the disease. It is also recognized 
that the average age-adjusted incidence rate is signifi- 
cantly higher in white women (21.3/100,000) than in 
black women (13.1/100,000).” 

An association setween the increasing incidence of 
endometrial cancer and the increased use of estrogens 
was made in 1975, when two independent case-control 
studies®’ reported that the relative risk of endometrial 
cancer was four to seven times greater ameng women 
using estrogen. Since then numerous studies? have con- 
firmed this association. Women who use unopposed 
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Fig. 3. Mortality caused by and incidence of endometrial cancer in white women in the United States 
aged more than 50 years, 1973 to 1986. (Source of data: Ries et al.”) 


estrogens have an increased risk of endometrial cancer 
that depends on the current dose of estrogen (the 
higher the dose, the higher the risk), the cumulative 
dose, and the duration of use; the association is con- 
sistent whether the study design Is prospective or ret- 
rospective and is not explained by confounding vari- 
ables. In women who have used estrogens in the past, 
the risk of endometrial cancer decreases with increasing 
time since past use. | 

Although the relative risk of being diagnosed with 
endometrial cancer is increased substantially in women 
who use estrogens (Fig. 2), a part of this increase— 
perhaps the main part—may be a result of diagnostic 
bias. Endometrial tumors diagnosed in women who use 
estrogen are of a lower grade and stage than those in 
women who do not use estrogen, and the 5-year survival 
rate (92%) is significantly higher than in women who 
do not use estrogen (68%). Furthermore, although 
something of an “epidemic” of endometrial cancer oc- 
curred in the late 1960s and early 1970s, and although 
this declined after 1975 when sales of estrogen were 
reduced, no changes occurred in the mortality rate 
caused by the disease over time (Fig. 3). That is, the 
“epidemic” may have been an artifact, a result of a 
tendency on the part of pathologists to classify bor- 
derline cases of endometrial cancer as malignant if the 
woman was taking estrogen. 

If a causal relationship exists between estrogen use 
and the excess of endometrial cancer diagnosed in 
women who use estrogen (and most epidemiologists 
conclude that such a relationship exists), what public 


health consequence would result if the mortality rate 
in each diagnosed woman who uses estrogen was the 
same as in women who do not use estrogen in whom 
endometrial cancer is diagnosed? Henderson et al.” 
assumed such a “worst case” approach when they cal- 
culated the risk of death that would occur in women 
who use estrogen replacement therapy. They con- 
cluded that among women in the United States aged 
65 to 74 years, endometrial cancer would add 26 per 
100,000 deaths annually. This number must be bal- 
anced against the estimated benefit of 284 per 100,000 
deaths from coronary artery disease that are prevented 
in the same women. 

Current knowledge assumes that mortality from en- 
dometrial cancer can be redued by an increase in clin- 
ical screening and surveillance and that its incidence 
can be reduced by lowering the rate of obesity. How- 
ever, compelling evidence shows that the addition of 
progestins to estrogen replacement therapy is even 
more useful. Progestin can effectively reduce the oc- 
currence of adenomatous endometrial hyperplasia; at 
higher doses it can cause regression of preexisting hy- 
perplasia and even of some well-differentiated carci- 
nomas in some patients.” Women who take progestins 
with estrogen are at no increased risk of developing 
endometrial cancer compared with postmenopausal 
women who do not take estrogen. Whether the risk is 
reduced below the risk of an untreated population is 
unclear. One study% suggested this, but more recent 
work*® indicates that progestins return the risk of en- 
dometrial cancer to that found in women who do not 
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- Table I. Changes in mortality ir women aged 
65-74 years who receive estrogen or estrogen 
and progestin 






Change in mortality 
( per 100,000 women) 










Estrogen + 


Estrogen progestin 





Hip fractures mie 59 
Coronary artery clisease — 284 — 184 
Cerebrovascular accident —49 — 39 
Endometrial cancer +26 0 
Breast cancer +38 +38 
Total 

With uterus — 302 —?211 

After hysterectomy — 328 =2) 4 


*Modified from Henderson et al. Fertil Steril 1988;49 
(suppl):9S-15S. Reproduced with permission of The Ameri- 
can Fertility Society. 


use progestins. Thus there is a consensus that patients 
who have an intact uterus should be given progestins 
in addition to estrogen replacement therapy.” The 
most effective type and dose of progestin and the op- 
timal regimen are still under investigation.” No ratio- 
nale exists for giving progestins to women who have 
had a hysterectomy. 


Breast cancer: Benefit or risk of estrogen? 


Approximately 10% of women in the United States 
will develop breast cancer during their lifetime. The 
incidence increases with age from 27 per 100,000 at 
age 30 to 34 years to 422 per 100,000 at age 70 to 74 
vears. At the time of diagnosis these women experience 
a 25% reduction in their 5-year survival rate.” The 
National Institutes of Health”? have estimated that in 
the United States in 1991 175,000 new cases developed 
and approximately 44,500 deaths were caused by breast 
cancer. For women aged 65 to 74 years, the annual 
mortality caused by breast cancer ts 102 per 100,000 
women.” | 

Risk factors for postmenopausal breast cancer have 
been identified as obesity, late age at menopause, late 
age at first full-term pregnancy, a family history of 
breast cancer or benign breast disease, and perhaps diet 
and early age at menarche.” A large body of epide- 
miologic and laboratory evidence links estrogens to 
breast cancer.”° 

The relationship between breast cancer and estrogen 
replacement therapy in postmenopausal women is con- 
troversial: to date no consensus has been reached, and 
even the authors of different meta-analyses have 
reached contradictory conclusions.*!: It is clear, how- 
ever, that the change in risk caused by estrogen, if any, 
is quite different from that pertaining to endometrial 
cancer (Fig. 2). The association between estrogen re- 
placement therapy and endometrial cancer is strong 
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and consistently observed in virtually all studies, but 
the association between estrogen replacement therapy 
and breast cancer is weak and inconsistent. Whereas 
latency and recency of estrogen use affect the risk of 
developing endometrial cancer, these factors have not 
been clearly demonstrated in breast cancer. Estrogens 
have not been associated with any change in the risk 
of developing breast cancer in women who have 
taken estrogens for less than 5 years’? "3 or in women 
who use conjugated estrogens at a dose of 0.625 or 
less. Risks seem to be slightly higher in studies con- 
ducted in Europe, where synthetic estrogens are used, 
than in studies conducted in the. United States, 
where most of the estrogen used is conjugated equine 
estrogen. | | : 

On the other hand, the recent meta-analysis by Stein- 
berg et al.” has suggested an effect of estrogens in very 
long-term users; the risk is increased by about 30% after 
15 years of use. The same analysis suggested that es- 
trogen replacement therapy might provide a signifi- 
cantly greater relative risk for women who havea family 
history of breast cancer than for women who do not 
have such a family history; however, most of the studies 
on which this conclusion was based used hospital con- 
trols, so the finding is difficult to evaluate. The effects 
of estrogen appeared to be unaltered by parity, benign 
breast disease, or age at first pregnancy.” 

Few data on the effects of progestins on breast cancer 
are available. Studies from Swéden," Denmark, and 
the United States have shown no evidence for a pro- 
tective effect of progestins on ‘breast cancer. On the 
contrary, the relative risk may be slightly higher after 
several years of combined therapy than after estrogen 
replacement therapy alone. 

One issue that clouds the interpretation of studies of 
breast cancer and postmenopausal hormone therapy is 
whether women who use estrogen are screened more 
frequently and are thus more likely to have their cancer 
diagnosed early, Evidence for this is controversial. 
Women who use estrogen are certainly concerned about 
the risk of breast cancer.” Breast tumors diagnosed in 
women who use estrogen are smaller” and carry a bet- 
ter prognosis,” which strongly suggests surveillance 
bias. o 

Although it is not clear whether the relationship be- 
tween estrogen and breast cancer is a causal relation- 
ship, Henderson et al.” conducted a “worst case” anal- 
ysis to calculate the effect on mortality if such an effect 
were established. They estimated that estrogen replace- 
ment therapy might add about 39 per 100,000 deaths 


‘annually in women in the United States aged 65 to 74 


vears. This must be balanced against the estimated 284 
per 100,000 deaths from cardiovascular disease that are 
prevented in women who receive estrogen replacement 
therapy. 
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Balancing the benefits and risks of 
estrogen therapy 


In 1988 Henderson et al.” reviewed the pertinent 
literature on mortality from osteoporotic hip fractures, 
endometrial cancer, breast cancer, and ischemic heart 
disease in women aged 65 to 74 years and calculated 
the hypothetical public health impact of postmeno- 
pausal estrogen use. Data on mortality from stroke and 
revision of the breast cancer data were incorporated 
into a subsequent analysis (Table I). Annual mortality 
caused by breast cancer and endometrial cancer would 
be 38 per 100,000 and 26 per 100,000 higher, respec- 
tively, among women who use estrogen versus women 
who don’t use estrogen. Thus total mortality from the 
two causes that represent the main risks of unopposed 
estrogen use would be 64 per 10,000 higher in women 
who use estrogen. On the other hand, mortality caused 
stroke, osteoporotic hip fractures, and ischemic heart 
disease would be decreased by 49 per 100,000, 33 per 
100,000, and 284 per 100,000, respectively. Thus total 
mortality from these three major benefits of estrogen 
would be 366 per 100,000 lower in women who use 
estrogen. Using this formula, Ross et al. concluded 
that the predicted annual reduction in mortality among 
65- to 74-year-old women who use estrogen was 302 
per 100,000 in women who have not had hysterecto- 
mies and 328 per 100,000 in women who have had 
` hysterectomies. 

A similar formula was used to calculate the difference 
between mortality in women who use estrogen alone 
and women who use a combination of estrogen and 
progestin. This estimate showed that mortality from 
cardiovascular disease would be lower with estrogen 
alone than with estrogen and progestin, but that mor- 
tality from endometrial cancer would be slightly higher 
with estrogen alone. Mortality from hip fractures and 
breast cancer was assumed to be similar with both reg- 
imens. These calculations estimated that the addition 
of progestins to estrogen replacement therapy would 
reduce the total annual decrease in mortality among 
women from 302 to 328 per 100,000 to 211 per 100,000 
women. 

In postmenopausal women mortality from cardio- 
vascular disease is many times higher than mortality 
from breast cancer,” and this difference increases with 
increasing age. Although replacement therapy may in- 
volve an increased risk of breast cancer, this risk is quite 
- small. It is strongly outweighed by the beneficial effects 
of therapy in preventing cardiovascular disease and 
osteoporosis. 
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The effect of sex steroids on the skeleton in 


premenopausal women 


Robert Lindsay, MB, ChB, PhD, FRCP 
West Haverstraw and New York, New York 


Whereas peak bone mass is genetically determined, the skeletal growth, maturation, and maintenance 
required to reach this peak may be influenced by physical activity, ovarian function, and nutrition. Estrogen 
deficiency at menopause leads to increased skeletal remodeling and loss of bone mass, which can result 
in osteoporotic fractures. Entering menopause with low bone mass is a risk factor itself, because bone 
mass predicts future risk of fracture. The administration of exogenous steroids can reverse the setting of 
the “mechanostat” to lower levels after ovarian dysfunction, although it is unclear whether oral 
contraceptives can modify bone mass in the ovulatory premenopausal woman. Our recent data suggest 
that the use of steroidal hormones to treat menstrual irregularity (presumably relative to ovarian 
dysfunction), as opposed to fertility control, is more likely to positively affect bone mass. li is even less 
clear whether hyperestrogenic states (e.g., pregnancy) affect the skeleton. Recent evidence from bone 
mass changes that occur in women with ovulatory cycles and inadequate luteal phase function suggests 
that progestins may also influence skeletal metabolism. (Am J Osstet Gynecot 1992;166:1993-6.) 


Key words: Peak bone mass, ovarian function, osteoporotic fractures 


Bone mass or density in adult life is the algebraic sum 
of the amount of bone mass accumulated during 
growth and its subsequent alteration by a variety of 
factors that change skeletal behavior and modify bone 
mass. The best known factor is cessation of ovarian 
function at menopause, which increases skeletal re- 
modeling and accelerates the rate of bone loss.'* The 
consequence—1increased risk of osteoporotic fractures 
among postmenopausal women—is equally well 
known. Increasing evidence indicates that entering 
menopause with low bone mass is itself a risk factor, 
because bone mass at any time can predict future frac- 
ture risk. To date comparatively little attention has been 
given to those factors that might modify skeletal mass 
in premenopausal women and alter their risk of osteo- 
porotic fracture before they enter menopause. Onset 
of menopause would then become a signal for the phy- 
sician to evaluate the patient’s potential risk of fracture. 
This review evaluates the factors that might change 


skeletal mass and thereby alter skeletal integrity in 


women before they reach menopause. 


Peak bone mass 


Although the amount of bone in the skeleton at the 
end of linear growth is primarily genetically deter- 
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mined,° the potential to reach peak bone mass may be 
modified by several factors. Many of these factors are 
similar to those that are known to modify skeletal mass 
in adult life, including nutrition, physical activity, and 
intercurrent illness. The importance of these factors 
has been determined mainly by studying the effects of 
extremes. For example, paralysis during childhood 
leads to development of bone mass that, while adequate 
for the stress placed on the skeleton in a paralyzed 
person, is clearly inadequate to withstand the stresses 
that might be placed on it during normal activity.’ Ex- 
tremes of nutritional aberration, such as anorexia and 
bulimia, deprive the skeleton just as they deprive the 
remainder of the body of essential nutrients.* ° Mal- 
absorption syndromes effect the same process."® 

In growing children the roles of nutrition and a nor- 
mal life-style in modifying peak bone mass have been 
inadequately studied. Preliminary data from one 
study’ suggest that calcium intake increases bone mass 
in teenagers. In this study the effects of calcium sup- 
plements that were given to one twin of a series of 
monovular twin pairs were examined. The findings re- 
veal greater skeletal mass in the twins who received 
supplementation. However, it is as yet unknown 
whether the subjects who have faster accretion will sub- 
sequently develop maximal (or peak) skeletal mass 
greater than that developed by the nonsupplemented 
twin. Thus the study will be incomplete until all twins 
have reached peak skeletal mass. 

The extent to which peak skeletal mass depends on 
physical activity within the normal ranges for growing 
children and teenagers is also unclear.'* Again, this is- 
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Change in BMD 
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Low Genetic Potential 


Fig. 1. Premise for interactions between various factors that affect the skeleton. BMD, bone mineral 
‘density. {From Kelly PJ, et al. Osteoporosis Int 1990;1:56-60. Reprinted with permission.) 


sue has been inadequately stucied, and it would be a 
difficult study to design and complete. Experience frem 
adult studies is mixed and depends on the stage at 
which the patient was examined. Given this, and the 
fact that the processes of skeletal modeling and linear 
growth proceed in tandem in the young skeleton, it 
appears likely that changes in physical activity would 
cause greater changes in skeletal turnover at this stage 
of life than at an older age. This hypothesis requires 
further testing. 

The capacity to achieve peak skeletal mass probably 
requires the development of adequate endocrine func- 
uon of the ovaries or testes. Evidence again is obtained 
from the study of extreme situctions. Patients who have 
ovarian agenesis (Turner’s syndrome) have low bone 
mass and high predisposition to osteoporotic frac- 
ture.'* " Patients who have Klinefelter’s syndrome also 
have lower than normal bone mass." In‘addition to the 


effects of the failure to develop mature ovaries, as seen - 


in ovarian agenesis, there may be additional effects on 
the skeleton because linear grcwth is reduced and bone 
mass may be less than average before the normal age 
of menarche." 


Bone mass reduction 


Some data indicate that age at menarche may be a 
determinant of adult bone mass, but further study is 
required bécause all the data do not agree.” Ovarian 
function after menarche may also control skeletal sta- 
tus.’® Several studies'® °° have shown that a reduction 
in bone mass accompanies loss of ovarian function in 
premenopausal women. Women with exercise-induced 


amenorrhea have reduced boje mass compared with 
those who exercise equally but save intact ovarian func- 
tion." However, most studies also indicate that bone 
mass is greater in women whe exercise than in seden- 
tary women who have normal ovarian function. In this 
circumstance the degree of reduction in mass is related 
to the duration and extent o7 ovarian insufficiency.” 
Thus moderate cligomenorrhea is associated with a 
more modest reduction in mass than complete loss of 
ovarian activity for a similar duration. It is unclear to 
what extent these relatively small reductions in bone 
mass increase the risk of osteoporotic fractures among 
these women after menopause. When the criterion of 
bone mass is strictly used—because bone mass is 
still above the average for healthy, premenopausal 
women—it does not appear to be a problem. However, 
the risk of injury and peripheral fractures (so-called 
stress fractures) appears to be increased among 
amenorrheic athletes, °° and therefore further study 
of this issue is warranted. 

Other causes of reduced ovarian function also result 
in low bone mass. Hyperprolactinemia, for example, 
causes low bone mass only when it is sufficiently severe 
to reduce the function of the ovaries.” The effects of 
anorexia and bulimia are compounded by the accom- 
panying loss of ovarian function. Recent evidence sug- 
gests that even modest alterations in ovarian function 
can produce significant changes in the skeleton.*® The 
increasing frequency of impaired progesterone pro- 
duction in the second half of the normal ovarian cycle 
(often called inadequate luteal phase) apparently re- 


sults in bone mass reduction. This could account for 
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the variable results seen in cross-sectional studies of 
bone mass in premenopausal women, in which some 
studies found evidence of premenopausal bone loss in 
the spine or femoral neck.®**! Again, further evaluation 
of this issue is necessary. Although nulliparity is often 
considered a risk factor for postmenopausal osteopo- 
rosis, study results are not conclusive.” A high fre- 
quency of impaired ovarian function that results in in- 
fertility might account for the relationship. If nulli- 
parity occurred because of impaired fertility of ovarian 
origin in the population examined, then that popula- 
tion might be expected to show a higher risk for os- 
teoporotic fracture. This hypothesis remains untested. 
As ovarian function begins to decline with age, bone 
loss ensues and the menopausal inflexion in bone mass 
begins. 

The various factors that affect the skeleton are likely 
to interact. For example, loss of ovarian function com- 
plicates the basic dietary problems found in anorectic 
patients. The theoretic premise for these interactions 
has been described” (Fig. 1). As much as 40% of the 
bone density variance found in premenopausal women 
may be explained by variations in physical stress.** Dif- 
ferences in calcium nutrition contribute 40% of the 
variance in bone density of the femoral neck, at least 
in men.” It seems likely that these effects are indepen- 
dent. In our study of women aged 25 to 35 years, all 
of whom had normal ovarian function, we found that 
vertebral bone density was higher in situations in which 
high calcium intake was combined with high levels of 
physical activity.” Again, interactions of life-style, nu- 
trition, and ovarian function have been inadequately 
studied. 


Conclusions 


Although the amount of bone in the adult skeleton, 
often called peak bone mass, is primarily genetically 
controlled, the potential to acquire the genetically pro- 
grammed amount can be modified by various factors. 
These factors are similar to the extrinsic factors that 
are known to modify skeletal mass in mature persons. 
However, the magnitude of the effects have been in- 
adequately studied. This may be important because the 
effects produced, for example, by altering diet, life- 


style, or endocrine function, may be greater or more’ 


important in the younger skeleton that in the older 
skeleton. 
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The role of progestins in hormone replacement therapy 


Rogerio A. Lobo, MD 
Los Angeles, California 


Long-term estrogen replacement therapy prevents osteoporosis and reduces the risk of cardiovascular 
disease in postmenopausal women. Progestins are used to prevent endometrial hyperplasia and 
carcinoma but should not be prescribed for women who have had hysterectomies. Doses that decrease 
mitotic activity are sufficient. Recent data suggest ihat a continuous combined regimen of estrogen and 
progestin may increase bone mass in women who have established osteoporosis. Some progestins may 
oppose the beneficial effects of estrogen on the cardiovascular system in some women. Critical 
cardiovascular effects of progestins include a reduction in the serum level of high-density lipoprotein 
cholesterol and a direct effect on arterial tone, which may be mediated by an attenuation of prostacyclin 
production and other factors. Therefore it is prudent to prescribe the lowest effective dose of a progestin 
that demonstrates the least metabolic impact. The dose and type of progestin should be balanced with the 
estrogen component so that the estrogen-dominant metabolic effects prevail. With this approach the 
difference in mortality rates between women who use unopposed estrogen and women who use 
estrogen-progestin therapy will be minimized and will make the appropriate sequential addition of progestin 
an option in postmenopausal! hormone replacement therapy. (Am J Opster GyNecoL 1992;166:1997-2004.) 


Key words: Progestins, hormone replacement therapy, menopause, estrogen 


It is well established that the adverse effects of the 
cessation of ovarian estrogen secretion in postmeno- 
pausal women can be ameliorated or reversed by es- 
trogen replacement therapy. The effects of estrogen 
on osteoporotic bone fracture and cardiovascular dis- 
ease are of major clinical importance. Estrogen pre- 
vents the accelerated loss of bone mass' and thereby 
reduces the risk of osteoporotic fracture by 50% to 
60%. * Estrogen also protects against cardiovascular 
disease and coronary heart disease, in part because of 
its beneficial effect on lipoprotein metabolism.* Ath- 
erogenic changes in the lipid profile occur as estrogen 
levels are reduced in early menopause; serum concen- 
trations of total cholesterol and low-density lipoprotein 
cholestero] (LDL-C) increase, and these are the prin- 
cipal findings. However, serum triglyceride levels have 
also been found to increase, and high-density lipopro- 
tein cholesterol (HDL-C) levels may also decrease.* Ex- 
ogenous estrogen reverses these changes® and de- 
creases the relative risk of coronary heart disease in 
postmenopausal women to 0.5 compared with women 
who do not use estrogen.” * 

On the other hand, postmenopausal women who re- 
ceive unopposed estrogen therapy have an increased 
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incidence of hyperplasia, which may progress to en- 
dometrial adenocarcinoma under the continued influ- 
ence of estrogen.’ This association of unopposed es- 
trogen and endometrial cancer has been demonstrated 
in 17 of 19 case-control studies.* Compared with the 
risk in women who do not use estrogen, the relative 
risk of endometrial cancer is 2.1 after 2 to 5 years of 
estrogen use and increases to 3.5 after 6 years of use.” 
However, because vaginal bleeding is an early symptom 
of this disease, there is usually an early diagnosis and 
a favorable prognosis. 

Epidemiologic and histologic studies have clearly 
demonstrated that the addition of progestins to estro- 
gen replacement therapy not only decreases the risk of 
endometrial cancer’ * but can also reverse estab- 
lished endometrial hyperplasia to normal endome- 
trium.'* However, progestins are not without their own 
untoward side effects. Although it is known that pro- 
gestins attenuate the estrogen-induced elevation in 
HDL-C levels that are associated with decreased risk of 
cardiovascular disease," it is unlikely that changes in 
the lipoprotein profile are solely responsible for the 
cardioprotective effects of estrogen. Estrogens may 


have other direct or indirect effects on the cardiovas- 


cular system, and some of these effects may be inhibited 
by progestins as well.’* '° Because the option of adding 
progestins to a postmenopausal replacement hormone 
regimen has significant public health consequences, 
data that bears on the effect of progestins must be 
reviewed from the perspective of the pharmacokinetic, 
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pharmacodynamic, biochemical, and histologic action 
of various progestins with regard to their clinical im- 
pact. Differences in the activities of specific progestins, 
minimal effective doses, and optimal duration of ther- 
apy will be discussed so their role in postmenopausal 
hormone replacement therapy can be reevaluated un- 
der more appropriate conditions of use. 


Role of progestins in endometrial cancer 


The biochemical effects of estrogen that are associ- 
ated with histologically confirmed endometrial hyper- 
plasia and the attenuating effects of progestins that 
result in a secretory-phase endometrium in postmeno- 
pausal women were elucidated sy Whitehead et al.” 
These investigators demonstrated that the potent stim- 
ulation of conjugated equine estrogens (Cee) (either 
0.625 or 1.25 mg/day) that resulted in a proliferative- 
phase endometrium were associated with increases in 
(1) deoxyribonucleic acid synthesis and mitotic activity 
(as reflected in the epithelial glandular labeling index), 
(2) levels of nuclear estradiol receptors, and (3) levels 
of soluble progesterone receptors and decreases in es- 
tradiol and isocitric dehydrogenase activities. Proges- 
tational stimulation that resulted in a secretory-phase 
endometrium occurred after the addition of noreth- 
indrone (NET) (1.0, 2.5, or 5.0 mg daily) or norgestrel 
(150 or 500 ug daily) for the last 10 days of each month. 
This was associated with significant reduction of the 
labeling index and nuclear estradiol receptors to within 
or below the secretory-phase range and significantly 
increased activity of estradiol dehydrogenase and iso- 
citric dehydrogenase. This showed that these proges- 
tins were capable of biochemica_ly protecting the en- 
dometrium against the proliferative effects of estrogen. 

This study was continued and expanded by King and 
Whitehead,*' who analyzed the biochemical and mor- 
phologic effects of 6 to 12 days o: treatment with three 
dose levels of each of five orally administered proges- 
tins on the endometrium of estrogen-treated post- 
menopausal women. After 6 days of progestin admin- 
istration, the biochemical effects were assessed by 
means of the above analytes, and the morphology was 
evaluated by means of the secretory histologic features, 
subnuclear gylcogen content, presence of giant mito- 
chondria, and appearance of the nucleolar channel sys- 
tem. From these data the oral dose of each progestin 
required to elicit morphology and biochemistry com- 
parable with a secretory-phase endometrium was de- 
termined (Table I). After relating the effects of tne 
progestins to a standardized value for NET and con- 
verting the potency of dl-norgestrel to that of levonor- 
gestrel for comparative purposes, it was concluded that 
levonorgestrel is approximately eight times as potent 
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as NET, with medrcxyprogesterone acetate (MPA) and 
progesterone demonstrating 9% and 0.2% the activity 
of NET, respectively. Estimations of the oral potencies 
of these progestins were in general agreement with 
those calculated by means of different methods. How- 
ever, although these data are a valuable contribution 
to our understanding of relative potencies, the potency 
of MPA may have been underestimated because of 
pharmacodynamic and bioavailability problems with 
the MPA preparaticn that was studied. 

The dose and duration of progestin treatment are 
critical to its effect in ameliorating estrogen-induced 
hyperplasia. These data were obtained on the basis of 
biochemical and morphologic analyses after only 6 days 
of progestin administration, although Paterson et al." 
had previously shown that the effect of progestins in 
attenuating the effects of estrogen on the endometrium 
was optimal if the progestin was administered for more 
than 10 days per month. On the other hand, Gibbons 
et al.? reported tha: the relationship between doses of 
0.3, 0.625, and 1.25 mg of CEE and the increase in 
cytosolic estrogen receptor concentration from baseline 
levels was linear. However, in women who use daily 
doses of either 0.3 or 0.625 mg of CEE, doses of 2.5, 
5, and 10 mg of MPA were all equally successful in 
reducing estradiol receptor concentrations to pretreat- 
ment levels, whereas if the CEE dose were raised to 
1.25 mg/day, only & or 10 mg of MPA was effective in 
reducing estradiol receptor concentrations (Fig. 1). 
These investigators also demonstrated a nonparallelism 
between the biochemical and the morphologic effects 
of progestins on the endometrium: although 5 and 10 
mg of MPA had identical biochemical effects, only 10 
mg of MPA produced a morphologically secretory en- 
dometrium. They suggested that eliciting secretory 
changes in the endometrium is probably unnecessary 
for the inhibition of hyperplasia and considered it more 
appropriate to strive for a balance of estrogen and pro- 
gesterone doses that decrease mitotic activity without 
inducing full secretory changes. This balance has the 
further advantage cf reducing bleeding. 


Effect of progestins on lipid metabolism 


As a consequence of menopause, serum levels of total 
cholesterol, LDL-C, and triglycerides increase signifi- 
cantly and HDL-C decreases significantly, which con- 
tributes to a more atherogenic lipid profile.” The car- 
diovascular benefits of estrogens have been demon- 
strated in epidemiologic studies, which show that 
estrogen replacement therapy decreases the relative 
risk of death from myocardial infarction to 0.59 and 
the relative risk of coronary heart disease to 0.5 com- 
pared with the relative risk of 1.0 for nonusers.” ** The 
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Fig. 1. Concentrations of cytosolic estrogen receptor in three: groups ef postmenopausal women 
receiving various therapies. (From Gibbons WE, et al., AM J OBSTET GYNECOL 1986;154:456-61.) _ 


Table I. Oral doses of progestins (mg) required to elicit premenopausal secretory changes 





Progestin 
ET <.35 
dl-Norgestrel 15 
MPA <2.5 
Progesterone 200 


<.35 35 35 
<.075 | 075 075 

<2.5 >10 5 

250 >300 200 


From King RJB, Whitehead MI. Fertil Steril 1986;46:1062-6. Reproduced with permission of The American Fertility 


Society. 


*Dose tested (mg) that best fits all the parameters analyzed. 


presumption has been that alterations in lipid metab- 
olism alone are responsible for the observed decrease 
in cardiovascular risk that is associated with estrogen 
replacement therapy in postmenopausal women. How- 
ever, a residual 30% reduction in the mortality rate for 
cardiovascular disease occurred after HDL-C was fac- 
tored into the original multivariate analysis of the Lipid 
Research Clinics study data. These earlier data that 
suggest that other factors are involved in the cause of 
cardiovascular disease have been further refined by 
newer data from Bush et al.,” which now suggest that 
the HDL-C effect may only explain 30% to 40% of the 
benefit.” 26 

Extensive studies of progestins as components of oral 
contraceptives have clearly demonstrated that proges- 
tins attenuate the estrogen-induced increases of HDL- 
C and HDL,-C in women of reproductive age and that 
their activity is related to the dose and androgenicity 
__ of the progestin.” Therefore when progestins were 
added to the estrogen replacement therapy to decrease 


the risk of endometrial hyperplasia and cancer, the ef- 
fect of the added progestin on the lipid profile was 
investigated. One study revealed that sequential doses 
of norgestrel (250 pg) and to a lesser extent MPA (10 
mg) reversed the elevated levels of HDL-C and HDL- 
C in postmenopausal women who were treated with 
2 mg of estradiol valerate per day. Sherwin and 
Gelfand” determined that the addition of progestin 
results in a dose-related reduction in the beneficial ef- 
fect of estrogen on plasma lipids. HDL-C levels were 
significantly above pretreatment values in postmeno- 
pausal subjects who received 1.25 mg of CEE with or 
without the addition of MPA (5 mg) sequentially for 1 
year (Table II). The HDL-C/LDL-C ratio, which Is con- 
sidered a reliable antiatherogenic index, also increased 
above pretherapy levels in the high-dose CEE group, 
irrespective of the addition of MPA. A recent review of 
the effects of postmenopausal estrogen with and with- 
out the addition of progestin on serum lipids shows 
that estrogen-induced HDL-C increases are attenuated 
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Fig. 2. Attenuation of HDL-C by progestin. Adapted from responses of 0.525 mg CEE, 5 mg MPA, 
and ] mg NET. (Modified from Jensen J, et al. Br J Obstet Gynaecol 1986;93:613-8, and Lobo RA. 
Effects of hormonal replacement on lipids and lipoproteins in postmenopausal women. J Clin 
Endocrinol Metab 1991;73:925-30. Reprinted with permission of The Endocrine Society.) 


Table Il. Effect of CEE* and MPA on HDL-C 
and LDL-C (prospective l-year study) 










% cl.ange (mo 12) 


HDL-C LDL-C | HDL-C/LDL-° 





CEE 0.625 mg fî 13.7 } 0.3 T 13.6 

CEE 0.625 mg + t 4.3 | 3.4 T 73 
5 mg MPA 

CEE 1.25 mg t 19.0 } 17.6 f 43.0 

CEE 1.25 mg + T 13.4 } 8.3 f 24.0 
5 mg MPA 


Modified from Sherwin BB, Gelfand MM. Obstet Gynecol 
1989;73:759-66. Reprinted with permission from the Amer- 
ican College of Obstetricians and Gynecologists. 


#CEE days | to 25; MPA days 15 to 25 (sampling days 18 
te 20). 


more by levonorgestrel (0.25 mg) than by MPA (10 
mg).°! The data of Jensen et al. and Lobo,” however, 
showed that HDL-C levels increase only 13% to 14% 
in response to 0.625 mg of CEE and attenuation by 
either 5 mg of MPA or | mg of NET is clinically evident 
anly during the 10 to 12 days of progestin administra- 
tion. The HDL-C levels were rot reduced to baseline 
levels at any time during the treatment cycle and were 
increased when progestin administration was discon- 
tinued (Fig. 2). Finally, the route of administration 
plays a role in the effect of the progestin. Estradiol with 
ar without NET acetate was administered to post- 
menopausal women by the transdermal route, thus 
eliminating the first-pass effect on the liver. Preliminary 
results indicated that the transdermal patch, which de- 


livered 0.2 to 0.3 mg of NET acetate per day, had no 
signficant adverse effect on serum lipid levels.” 

Thus evidence shows that the degree of attenuation 
of lipid effects by the addition of progestins to estrogen 
replacement therapy depends on the type or andro- 
genicity of the progestin, the doses of both the estrogen 
and the progestin, the regimen, and the route of ad- 
ministration. 


Other biochemical factors contributing to 
cardiovascular disease 


The effect of progestins on the risk of cardiovascular 
disease, however, is clearly not restricted to their impact 
on lipid metabolism. Although the relative importance 
of other biochemical factors is unclear, these factors 
undoubtedly have a role in progestin’s attenuation of 
the cardioprotective effect of estrogen and therefore 
require further elucidation. 

Itis known that estrogen increases uterine blood flow 
in the animal mocel® and that progesterone (admin- 
istered either tntremuscularly or by intraarterial infu- 
sion) inhibits this response.'* °° It has been speculated 
that the’ partial depletion of cytoplasmic estrogen re- 
ceptors, a known effect of progestins that reduces the 
sensitivity of the uterus to subsequent estrogen action,” 
may contribute to the mechanism of this inhibition.'® 
This suggests that the depletion of estrogen receptors 
by progestins plays a role in cardiovascular disease by 
regulating blood flow. 

Progestins may also contribute to thrombosis by shift- 
ing the balance in prostaglandin synthesis. Prostacyclin 
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Fig. 3. Effect of NET on carbohydrate metabolism. *p < 0.05; tp < 0.01; 4p < 0.001. Conversion 
factor for insulin from conventional (wU/ml) to Système International units (pmol/L) is 7.175. (From 
Spellacy WN, et al. Obstet Gynecol 1975;46:560-3. Reprinted with permission from The American 


College of Obstetricians and Gynecologists.) 


is a potent inhibitor of platelet aggregation and causes 
vasodilation, and thromboxane is its endogenous 
antagonist. Therefore a balance between the two may 
regulate vascular tone and platelet vascular interac- 
tion.** °° When progestin is added to estrogen replace- 
ment therapy this balance shifts slightly toward throm- 
boxane dominance, which theoretically increases the 
risk of thrombosis.'* * 

Whereas it is clear that both estrogens and progestins 
influence vasomotor tone, blood coagulation, and blood 
flow, the precise mechanisms involved require further 
investigation. Sarrel" has recently reviewed the current 
status of knowledge in this field. 


Progestins and carbohydrate metabolism 


Studies of the effects of oral contraceptives have 
demonstrated that some combinations of estrogens and 
progestins affect carbohydrate metabolism. Therefore 
it is important to recognize not only that the potential 
risk of diabetes is increased but that hyperinsulinemia 
is an independent risk factor for cardiovascular dis- 
ease,” with the risk of myocardial infarction in diabetic 
women twice that of nondiabetic women.” In one study 
combination oral contraceptives increased glucose 
levels 43% to 61% and insulin levels 12% to 40% above 
baseline levels in an oral glucose tolerance test, al- 
though progestin-only formulations or combined oral 


Table III. Theoretic change in mortality rate 
with progestins (per 100,000 women aged 65 
to 74 years) 






Estrogen alone Estrogen + progestin 


No. of 
women 






Ischemic heart 0.50 296 0.57 255A +41 
disease 

Osteoporosis 0.40 33 0.40 33A 0 

Breast cancer l.l 10 1.1 10A 0 

Endometrial 6.0 26% 1.0% OA — 26 
cancer 


Unpublished data, 1990. 
RR, Relative risk. 
*Data unclear. 


contraceptives with desogestrel or low-dose NET as 
their progestin component had only minor effects on 
these parameters." In another study, however, NET 
administered for 12 months at the same dose (0.35 mg) 
increased plasma insulin levels significantly at each oral 
glucose tolerance test sampling, whereas blood glucose 
values remained unchanged, which suggests insulin re- 
sistance (Fig. 3).® Although the types and doses of es- 
trogen and progestin may differ in hormone replace- 
ment therapy, it is probable that the mechanisms by 
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which they exercise their effects on carbohydrate me- 
tabolism are similar. 

In summary the addition of progestins to estrogen 
replacement therapy can have adverse cardiovascular 
effects by means of the impact of progestins on lipid 
metabolism, blood flow, and carbohydrate intolerance. 
To overcome these effects and maintain an overall fa- 
vorable cardiovascular profile, it is advisable to use suf- 
ficient estrogen and minimal progestin. This can best 
be accomplished by individualizinz dose levels accord- 
ing to each patient’s biochemical profile." 


Effects of progestins on ostecporosis and 
breast cancer 


Few studies have been performed on the long-term 
effects of hormone replacement therapy on postmeno- 
pausal osteoporosis and risk of bone fracture. However, 
it has been established that postmenopausal bone 
loss and the risk of osteoporotic fractures can be pre- 
vented or greatly reduced by replacement of estrogen 
alone.'* Some investigators have suggested that pro- 
gest:ns alone also protect against osteoporosis.*” * 
Other studies have shown that estrogens in combina- 
tion with progestins have an effect on bone similar to 
that of estrogen alone.***° A recent study has demon- 
strated that the daily administratior. of estradiol (2 mg), 
NET acetate (1 mg), and calcium (500 mg) significantly 
increased bone mass in women who had established 
osteoporosis.*! Although additional data are needed 
about the effects of different doses, type of estrogen 
and progestin, and duration of treatment, this finding 
holds promise for women who already suffer from 
postmenopausal osteoporosis. 

Ernster et al.’ reviewed 10 case-control studies of the 
effect of estrogen on breast cancer and found that the 
data were inconsistent and controversial. Studies on the 
effect of estrogens and progestins on breast cancer risk 
have been conducted in both younger women who use 
oral contraceptives and in postmenopausal women af- 


ter combined hormone replacemer.t therapy. Various - 


studies have shown both a protective effect and a det- 
rimental effect of the addition of progestin to estrogen 
relacement therapy.” 5% 5 

The relationship between hormone replacement 
therapy and breast cancer requires further study before 
any convincing argument can be made for its benefits 
and risks. 


Psychological effects of mood disturbances 


Whereas estrogen has been shown to improve mood 
and psychological well-being in postmenopausal 
women, progestins have been shown to have an adverse 
effect, at least in some women.” Again, both the type 
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of dose and duration of progestin use are important 
variables that contrikute to these effects. Therefore re- 
ductions in dose and duration of use may be important 
factors in helping provide an excellent quality of life 
for postmenopausal women. 


Public health impact of adding progestins 


Theoretically the appropriate use of progestins in 
hormone replacement therapy would substantially 
change the mortality rates in women 65 to 74 years of 
age.” Cumulative mortality data from the Leisure 
World (Laguna Hills, Calif.) cohort were used to re- 
calculate annualized data to reflect the impaci of ad- 
ministering progestins at a lower dose for only 10 days 
in a 30-day cycle. Tnis recalculation is based on the 


- assumption that the HDL-C effect (which is reduced 


50% by progestin) and the changes in blood flow (which 
serve as a surrogate for the arterial effects of estrogen) 
only occur for 10 of 30 days during progestin admin- 
istration. Taken together this accounts for a downward 
change in the relative risk by 15%. This model suggests 
that if progestins were appropriately used, the relative 
risk of death caused by ischemic heart disease would 
change from 0.50 to €.57, resulting in an additional 41 
deaths per 100,000 women compared with those who 
use unopposed estrogen (Table III). On the other 
hand, the relative risk of death caused by endometrial 
cancer would be reduced from 6.0 to 1.0, which would 
save 26 lives per 100,000 women. Thus although the 
use of unopposed estrogen results in a lower overall 
mortality rate, appropriate sequential addition of low- 
dose progestins is an option worth considering. Because 
no firm data are available to date, and on weighing 
together all the issues, it is my view that progestins 
should be administered sequentially with use of a lower 
dose (2.5 to 5 mg of MPA, 1 mg of NET) for only 10 
days. Secretory changes of the endometrium should not 
be a requirement and reductions in endometrial mitotic 
activity and elimination of hyperplasia should be the 
focus of treatment. Clearly, as with all hormonal ther- 
apy, appropriate monitoring should be carried out, par- 
ticularly with the use of lower doses of progestins. 
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Use of two types of estradiol-releasing skin patches for 


menopausal patients in a tropical climate 


Terry McCarthy, MB, BS, FRCS, FRCOG, Vesna Dramusic, MD, DSc, and 


Shan Ratnam, MD, FRCS, FRCOG 
Singapore 


As part of a program to evaluate nonoral routes for delivery of estrogen replacement therapy at the National 
University Hospital, Singapore, we assessed two different 50 g estradiol patches. The first study (patch A) 
was terminated because of a high rate of skin reactions. Tests of the components of this patch identified the 
alcohol carrier as the cause of these reactions when combined with an occlusive membrane in the tropical 
Singapore climate. A subsequent clinical trial with 21 female subjects was undertaken with a different 50 pg 
estradiol patch (patch B). Twenty patients completed the 6-month study. Patch B was as effective as 

patch A, caused fewer skin reactions, and adhered better. (Am J OpsteT GYNECOL 1992;166:2005-10.) 


Key words: Transdermal estrogen patch, estradiol, skin reactions 


Transdermal patches provide an accepted route of 
delivery for hormone replacement in Europe and the 
United States. >? The advantages of transdermal 
patches include a controlled, sustained release of es- 
trogen,’ predictable absorption, * lack of gastrointestinal 
effects,’ circumvention of first-pass circulation through 
the liver, lower biliary cholesterol saturation index,’ 
and slower metabolism to less-active estrogens,” which 
enables maintenance of therapeutic blood levels with a 
lower total dose of estrogen than in standard oral reg- 
imens (e.g., estradiol valerate, 2 mg/day, or conjugated 
estrogens [Premarin], 0.625 mg/day). At the same ume 
the ability to relieve menopausal symptoms’ and to pro- 
tect against osteoporosis’ is preserved, with significant 
beneficial effects on high-density lipoprotein/low-den- 
sity lipoprotein ratios." 

The Menopause Clinic of the National University 
Hospital, Singapore, has a continuing program to eval- 
uate nonoral routes for estrogen administration, which 
include subdermal implants, patches, and percuta- 
neous creams. In 1986 the Clinic began an informal 
trial of 50 wg estradiol patches (Estraderm TTS) from 
Ciba-Geigy AG (Basel, Switzerland). It quickly became 
apparent that the rate and severity of skin reactions 
were much higher than had been reported in other 
series,'’* ° and the trial was terminated. Four of the 
women who had experienced skin reactions underwent 
skin tests in an effort to ascertain which components 
caused sensitivity. Finally, a formal clinical trial was un- 
dertaken to evaluate a different 50 wg estradiol patch 
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from Ortho-Cilag (Schasshausen, Switzerland). These 
studies are briefly described. 


Experience with the Ciba-Geigy 50 yg estradiol 
patch (patch A) 


Sixteen women had been recruited for an evaluation 
of the Ciba-Geigy 50 wg estradiol patch before the trial 
was discontinued. Eleven of the women were meno- 
pausal (amenorrhea >6 months) and five were peri- 
menopausal, with a mean age of 48.7 years. None of 
the women had had a hysterectomy. All had been re- 
ceiving another form of estrogen replacement, and 14 
were also taking cyclical progestins (Table I). The pa- 
tients were instructed to apply the transdermal patch 
anywhere on their bodies except in the breast area. The 
patches were changed twice weekly and were used con- 
tinuously during a 2-month period. In addition to the 
transdermal estrogen, the women were given progestin 
on days | through 12 of each month (14 women re- 
ceived norethindrone, 1.25 mg, 1 woman received nor- 
ethindrone, 2.5 mg, and 1 woman received medroxy- 
progesterone acetate, 5 mg). 

Serum estradiol levels were measured during the 
time of patch use in six women. Five had levels within 
the normal range for the follicular phase (328.6 + 
120.8 pmol/L); the remaining woman had a level of 
99.1 pmol/L, which is a suboptimal therapeutic level." 

Because all the women had received oral estrogens 
before entry into the study, they were able to compare 
the symptomatic relief obtained with the two regimens. 
Seven women stopped use of the patch within the first 
2 months because they believed it provided less symp- 
tomatic relief than did the oral preparation, because of 
skin reactions. 

Adverse skin reactions included itching, discomfort, 
vesicular rash, erythema, edema, induration, and re- 
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Fig. 1. Severe skin reaction after removal of 50 pg Estraderm patch (patch A). 


Table I. Summary of the Ciba-Geigy 50 pg 
estradiol patch study (patch A) 





No. of participants 16 
Age range (yr) 44-54 
No. who received pretrial HRT 16 
No. who received pretrial HRT and cyclical 14 
progestins 
No. who continued at 2/12 d 
No. who experienced adverse side effects 
Moderate or severe itching 14 
Erythema 9 
Pigmentation >4 mo 2 
Soggy with perspiration, or after shower- 5 
ing or swimming 
Pain 2 
Vesicular eruption l 
No. who experienced patch displacement 9 


during 2 mo use 


HRT, Hormone replacement therapy. 


sidual pigmentation. Four of 16 patients experienced 
severe skin reactions,” and all reported some itching 
and redness that increased with duration of use. Skin 
marks at the site of severe reactions (Fig. 1) often per- 
sisted for several weeks (Fig. 2). Two women had re- 
sidual pigmentation more than 4 months after removal 
of the patch. 

Some women reported that moisture developed un- 


der the patch, which resulted in soggy skin and loss of 


adhesion. Although the patients were not specifically 
asked about adhesiveness, case records show that at 


least nine women mentioned that the patches fell off 


before the expected 3 to 4 days. Only four women chose 
to continue use of the patches at the end of the trial, 
although they would have been provided without 
charge. 


Skin tests of components of the 
Ciba-Geigy patch 


Four of the patients who had experienced cutaneous 
reactions were recalled for skin tests of components of 
the patch (Table II). The patches were applied in the 
outpatient clinic and were left in place for 72 hours. 
Only patches | and 6 provided a combination of ethanol 
and an occlusive membrane; patch 6 also contained 
estradiol. 

Similar reactions were observed in all four patients 
but were more severe in two.” Erythema and itching 
were most pronounced with patch 1 but also appeared 
at the site of patch 6 (Fig. 3). Edema was also seen at 
the site of patch | in three patients. In three of the 
four women one or more patches became dislodged 
and had to be reapplied. We concluded that the occlu- 
sive element combined with ethanol is associated with 
adverse skin reactions in the hot, humid Singapore cli- 
mate. The addition of estradiol appeared to alleviate 
the reactions. 


Clinical trial of the Ortho-Cilag 50 wg estradiol 
patch (patch B) 


This study was part of an international trial of the 
tolerability, adhesiveness, acceptance, and efficacy of 
transdermal estrogen patches. The patches were de- 
signed to release of 50 wg of estradiol every 24 hours 
and were changed twice weekly (on Mondays and 
Thursdays). Patients were recruited according to a 
strict admission protocol. They were to be 50 years of 
age or older, to have been amenorrheic for at least 12 
months, and to have symptoms that were attributable 
to estrogen deficiency (not necessarily flushes). In ad- 
dition, they could not have received any hormone re- 
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Fig. 2. Persistent skin reactions after removal of 50 wg Estraderm patches (patch A). Because a new 


patch was applied twice weekly, reactions shown are result of application of patches over 2'2 weeks. 


placement therapy for at least 2 months before entry 
to the study, and their uterus had to be in situ. Patients 
who were allergic to adhesive bandages and those in 
whom estrogen replacement therapy was contraindi- 
cated were excluded. 

Each woman was examined in the Menopause Clinic 
before entering the trial and returned to the clinic once 
a month for 6 months to complete a detailed question- 
naire. At the final visit, 2 weeks after removal of the 
last patch, each woman completed a questionnaire 
about acceptability of the patch, and the physician in 
charge made a global assessment of symptom relief. 

Twenty-one women were treated with the Ortho- 
Cilag 50 pg estradiol patch (patch B). The patches were 
16 cm? with rounded edges. A monolayered adhesive 
film that contained the estradiol was located under a 
transparent occlusive foil backing in each patch. ‘The 
patches were used for either 3 or 4 days (changed on 
Mondays and Thursdays) during a 3-week period, fol- 


lowed by a patch-free interval of 1 week in each 28- 


day cycle. Initially patients were prescribed 0.35 mg of 


norethindrone on days 10 through 21. Because with- 
drawal bleeding was minimal or early in most of the 
cases, this dose was increased to 1.25 mg for 12 days 
in nine women, with a further increase to 2.5 mg in six 
women. By the end of the trial 18 of 20 women had 
withdrawal bleeding, with a mean duration of 5.9 days 
(range, 2 to 10 days). 

This study provided an introduction to estrogen re- 
placement therapy for 14 women, whereas the others 
had not received treatment for at least 2 months. One 
patient was erroneously enrolled at the age of 49 years 
but follow-up was continued according to the protocol. 


A woman who enrolled as a replacement withdrew in 


Table II. Summary of components in 
Estraderm TTS test patch kit 


System No. 


Components 





| TTS placebo (without estradiol) 
Reservoir with ethanol 
2 TTS placebo (without estradiol) 
Reservoir with methylparaben in water 
TTS 3M (without estradiol) 
Nonocclusive 
Without reservoir 
4 TTS 3M (without estradiol) 
Occlusive 
Without reservoir 
TTS PIB (without estradiol) 
Nonocclusive 
6 TTS estradiol, 25 mg 
Reservoir with ethanol 


er 
ee) 


ur 





the first week because of a viral illness; at that time she 
reported that her symptoms of “hotness” were not im- 
proved. Thus 20 patients completed the 6-month trial. 
Their mean age was 53.6 years, with a range of 49 to 
59 years (Table II). The mean duration of amenorrhea 
was 35.8 months (+27.3), and the mean duration of 
postmenopausal symptoms was 27.6 months (+ 20.5). 

Eight of 12 patients who had had hot flushes attained 
complete relief of this symptom by the fourth cycle, 
and the remaining four women experienced a reduc- 
tion in intensity of the flushes. The maximum number 
of flushes per day declined from 25 to 3. The per- 
centage of women who had nocturnal sweating de- 
clined from 45% to 30%, and by the sixth cycle only 
one patient continued to experience this symptom fre- 
quently. Similar reductions in depression (45% to 20%), 


insomnia (65% to 25%), and vaginal burning or itching 
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Fig. 3. Sites of application of six individual component patch tests in a patient who had previously 
experienced adverse reactions with 50 ug Estraderm patches (patch A). 


Table HI. Summary of the Ortho-Cilag 50 pg 
estradiol patch study (patch B) 





No. of participants A ag 
Age range (yr) 49-59 
No. with no previous HRT exposure 14 
No. with previous HRT exposure (but free of 7 

all therapy for at least 2 mo) 
No. who wished to continue at 6/12 17 
No. who experienced adverse side effectst 

Slight itching 10 

Erythema 9 
No. who experienced patch displacement dur- | 


ing 6 mo use 





HRT, Hormone replacement therapy. 

*One patient withdrew in the first week of use because of 
viral illness. 

Side effects were not consistently recorded and were lim- 
ited to one cycle or in eight women. 


(30% to 10%) were obtained. According to the physi- 
cian’s global evaluation, 16 (80%) of the patients had 
very good or good overall improvement of menopausal 
symptoms (Fig. 4). The lack of response in three pa- 
tients was attributed to minimal improvements in the 
other symptoms, including fatigue, nervous irritability, 
headache, dizziness, and palpitations. A slight but 
significant (p < 0.001) fall in both systolic and dia- 
stolic blood pressure also occurred (pretrial: 129.5 
[+11.4]/81.6 [+7.9] mm Hg; cycle 6: 116.6 
[+11.7]/74.0 [+6.7] mm Hg). 

The frequency of erythema at the patch site declined 
from 11 women in the first cycle to 5 women by the 
sixth cycle; the mean (+standard deviation) duration 
of erythema was 1.2 (+0.4) days. Edema (n = 3) and 
eczema (n = 2) were reported in the first cycle only. 
Three of the six women who recorded itching in the 


first cycle were subsequently symptom free. However, 
for those women who continued to experience itching 
by the end of the trial, the mean duration increased 
from 1.4 to 7.3 (+11) days. The magnitude of the 
increase resulted from the fact that one patient re- 
ported itching for 20 days in the final study cycle. 

Only one patient noted a problem with patch adhe- 
sion despite full normal activity that included bathing. 
Some patients commented that a “plaster rim” re- 
mained after the patch was removed. Patient accep- 
tance of the Ortho-Cilag patch was high. All 20 patients 
found that it was comfortable and nonobstructive. It 
did not interfere with clothing or disturb the skin. Sev- 
enteen (85%) expressed willingness to continue use of 
this method of estrogen replacement. 

Comment 

Because of differences in study population and 
method, relief of symptoms from these two clinical 
trials cannot be directly compared. All of the women 
who used the Ciba-Geigy patch had already experi- 
enced relief of their symptoms from their previous es- 
trogen replacement therapy, whereas in the Ortho- 
Cilag trial, the patients were either new to therapy or 
had not received treatment for at least 2 months and 
experienced symptoms at the start of the trial. This 
difference could partly account for the greater per- 
centage of patients who wanted to continue use of the 
Ortho-Cilag patch (85% vs 25%). Another possible 
source of bias could be that the two study groups had 
different clinic motivators. 

Adequate progestin therapy is necessary to prevent 
risk of endometrial cancer in women who undergo es- 
trogen replacement therapy.” Progestins may, how- 
ever, be associated with some adverse symptoms. 
Therefore our general policy is to gradually step up 
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Physician's Global Evaluation 
(20 patients) : 


(50%) 





Response 
WN Very good (n=6) 
E Good (n=10) 
Moderate (n=1) 
BB No effect (n=3) 


Fig. 4. Physician’s global assessment of Ortho-Cilag transdermal estradiol patch after a 6-month 


trial. 


the dosage until withdrawal bleeding occurs only at the 
end of the progestin exposure.'* The starting dose of 
0.35 mg/24 hr, as supplied for the trial, was too low 
and was increased in nine patients before the end of 
the 6-month study period. 

We believe that certain conclusions can be drawn 
from the two studies with regard to adhesive properties 
of the patches and skin complications. Both products 
were designed to release 50 wg of estradiol per 24 
hours. Furthermore, the racial distribution of the par- 
ticipants and the climate were the same in both studies. 
Although patients in the first trial were not specifically 
queried about patch adhesion, nine patients volun- 
teered the fact that patches came off. In the second 
trial, however, patients were asked about patch adhe- 
sion, and only one patient acknowledged loss of patches 
in three of the six cycles. 

The more severe reactions associated with the Ciba- 
Geigy patches appeared to be related to the combina- 
tion of a tropical climate, an occlusive membrane, and 
the alcohol in the reservoir. Accumulation of sweat un- 
der patches has been associated with increased skin 
irritation from other transdermal systems,'’ and re- 
ports of unacceptable reactions to the Ciba-Geigy 
transdermal estradiol patch have also come from Thai- 
land.” ?! The Ortho-Cilag patch also has an occlusive 
element but does not contain ethanol. 

Reports of cutaneous reactions from the Ciba-Geigy 
patch in temperate climates range from none” to 35%.” 
Hogan and Maibach” cite a frequency of 17% with a 
2% discontinuation rate. Holdiness* reviewed studies 
that reported a range of 0% to 36%. Higher rates have 
been reported in warmer areas of the United States, 
such as Florida.”” McBurney et al.” reported nine pa- 
tients in New Orleans who had dermatitis from the 
Ciba-Geigy patch, which they attributed to delayed con- 


tact sensitivity to substances in the system, including the 
adhesive (mineral oil and polyisobutylene) and the hy- 
droxypropyl cellulose that was used as a gel in the res- 
ervoir. Their results were confusing, however, and they 
concluded that the reactions were to “either the ad- 
hesive or the vehicle” and further suggested that the 
drug reservoir might contain another allergen that 
caused contact sensitivity. Schwartz and Clendenning™ 
reported a reaction to hydroxypropyl cellulose in al- 
cohol and mineral oil but not in water. 

The mitigating effect of estradiol observed in the 
patch component study is of particular interest. Uuan™ 
reported a much higher rate of cutaneous reactions 
with use of placebo patches versus estradiol patches. 
He did not mention, however, whether the placebo 
patches contained ethanol. 

Prolonged pigmentation in two women that was still 
visible 4 months after removal of the Ciba-Geigy patch 
was a distressing adverse effect. Because estrogen is 
associated with increased pigmentation during preg- 
nancy, it is possible that exposure to ultraviolet light 
and topical estradiol might increase local pigmentation. 
However, the Ciba-Geigy phototoxicity and photoal- 
lergy studies’ had not demonstrated any potentiation. 
A recent report” of hyperpigmentation in a meno- 
pausal woman who was treated with ultraviolet pho- 
totherapy for pruritus that was caused by a transdermal 
estradiol system is of interest because of the analogy to 
the Singapore climate, although most of our patients 
would go out of their way to avoid unnecessary expo- 
sure to sunlight. 


Conclusion 

A trial that directly compares the Ortho-Cilag and 
the Ciba-Geigy 50 wg estradiol patches would provide 
more valid assessments of the relative efficacy, tolera- 
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bility, and adhesive properties of the two products. Nev- 
ertheless, some general observations can be made from 


this study. First, both patches are effective in relieving 


the symptoms of menopause, although they may be 
slightly less effective than the oral preparations in 
“equivalent”™ doses. Second, the Ortho-Cilag patches 
are considerably less irritating to the skin when used 


by women who live in Singapore. Third, the Ortho- 


Cilag patches have better adhesive properties when 


used by women who live in Singapore. The last two 


advantages, combined with efficacy comparable with 
that of the Ciba-Geigy patches, make the Ortho-Cilag 
50 wg estradiol transdermal patch more acceptable for 


use in tropical climates. 


We thank Ms. Veronica Yo, the clinic motivator, with- 


out whom the trial would not have been possible. 
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Discussion II 


Chairman Mishell. Is it acceptable to give hormone 
replacement therapy to women who have had endo- 
metrial or ovarian cancer more than 5 years earlier? 

Dr. McCarthy. Yes. It certainly appears safe to give 
hormone replacement therapy to women after bilateral 
oophorectomy for epithelial ovarian cancer, even 
though there have been some suggestions that the ovary 
contains estrogen receptors. In a recent study! from 
the Royal Marsden Hospital in the United Kingdom, 
no significant difference in survival was found between 
users and nonusers of hormone replacement therapy 
that was begun at a median of 4 months after diagnosis. 

It is somewhat more difficult to make a recommen- 
dation for women who have had endometrial cancer, 
but if the disease was at a very early stage at the time 
of operation,” I believe hormone replacement therapy 
can be given to such a patient who is clinically free of 
recurrence after 5 years. 

Chairman Mishell. Dr. Lobo, if progestin is given to 
patients every 3 months instead of every month, will 
the effects of this steroid be reduced? 

Dr. Lobo. I use it selectively. Those patients who 
cannot or will not take progestin must be monitored. I 
currently use ultrasound monitoring; when I see ex- 
cessive proliferative effects, I prescribe progestin in an 
intermittent form. Although we do not yet have long- 
term data, I believe this is an appropriate procedure 
for managing those patients. 

With the current medicolegal climate in the United 
States, an additional concern is that those who practice 
outside of what is normally recommended must take 
some extra precautions. These patients probably should 
have biopsies until we are absolutely certain ultrasonog- 
raphy is a safe method of monitoring. However, I am 
comfortable with the use of ultrasonography. 

Chairman Mishell. Do you believe it is necessary to 
increase the dose of progestin when you give higher 
doses of estrogen to women who have severe hot 
flushes? 

Dr. Lobo. The study by Gibbons et al.* showed that 
2.5 mg of medroxyprogesterone acetate was protective, 
that it prevented the synthesis of the endometrial re- 
ceptors for 0.625 mg of conjugated equine estrogens, 
and that 2.5 mg of medroxyprogesterone acetate was 
not sufficient for 1.25 mg of conjugated equine estro- 
gen. A balance of estrogen and progestin is required. 
If a large amount of estrogen is used, the progestin 
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must be increased; the size of the increase depends on 
how much the estrogen is increased. 

Chairman Mishell. Dr. Harlap, why do epidemiol- 
ogists use log scales rather than linear scales for setting 
the data? Doesn’t this minimize the significance of the 
findings? 

Dr. Harlap. It is mathematically more correct to use 
a log scale in presenting the data. By looking at the 
results plotted on a log scale, we obtain a “fairer” per- 
ception of what the differences mean. The confidence 
limits of the relative risk are also distributed in a log 
fashion. As Dr. Grimes pointed out, the relative risk of 
0.5 is equal but opposite to a relative risk of 2. Similarly, 
a change in relative risk from 0.5 to | represents a 
doubling of risk, and a change from | to 2 represents 
a similar doubling. 

Chairman Mishell. Dr. Lobo, what is your opinion 
of giving low-dose oral contraceptives as a means of 
estrogen replacement to women in developing coun- 
tries in which estrogen replacement drugs are more 
expensive than oral contraceptives? 

Dr. Lobo. Age is the deciding factor. If the patient 
has premature ovarian failure, I believe it is an ac- 
ceptable practice. I would not give a low-dose oral con- 
traceptive to a woman who is more than 60 years of 
age; I believe that is more estrogen than she needs. It 
is acceptable, however, for a nonsmoking woman to use 
these low-dose oral contraceptives up to or a little past 
the age of 45 years. However, if you look at dose 
equivalencies, even 30 pg of ethinyl estradiol in the pill 
is close to about 3 mg of conjugated equine estrogen, 
and that is much more than is really needed. As we 
have said several times the risk here is thrombosis and 
not atherosclerosis. 

Dr. McCarthy. I would like to add a point regarding 
the price of estrogen replacement therapy, which must 
be balanced against the savings achieved when it is used 
in prophylactic treatment. Given that perspective, hav- 
ing a number of women who use estrogen will provide 
a savings to any society. 

Chairman Mishell. Your data show that hormone 
replacement therapy saves lives, Dr. Harlap, but for 
how long, and with what quality of extended life? 

Dr. Harlap. The question relates to the value of 
women to society. A woman aged 60 years or more 
whose health is preserved can be a valuable member of 
society both in developing and developed countries. 
That it is beneficial to postpone death and to increase 
productive or valuable life is without question. 
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Dr. Lobo. The leading cause of death in women is 
sull cardiovascular disease, but with replacement ther- 
apy life can be prolonged for 2% to 3 years. 

Chairman Mishell. Dr. Lobo, no evidence exists that 
progestin prevents breast cancer. Would you suggest 
giving it to patients who have had a hysterectomy? 

Dr. Lobo. We do not advocate giving progestin to 
patients who have had a hysterectomy. We do not be- 
lieve that progestin has a protective effect against breast 
cancer. 

Chairman Mishell. Dr. Lindsay, in what order would 
you rank the following factors in preventing osteopo- 
rosis: exercise, cessation of smoking, a calcium-rich diet 
(calcium supplementation), and estrogen replacement 
therapy? 

Dr. Lindsay. For postmenopausal women the only 
effective agent among those listed is estrogen replace- 
ment therapy. The evidence is clear that calcium sup- 
plementation and exercise do not alone prevent the 
bone loss caused by ovarian insufficiency. Nonetheless, 
these factors improve general health and thus have 
beneficial effects beyond the effects on the skeleton. In 
treating patients the physician should recommend a 
reasonable program of physical activity, discourage 
smoking, and ensure that calcium deficiency does not 
exacerbate the effects of estrogen deprivation. Patients 
should obtain between 1000 and 1500 mg of calcium 
per day, preferably from dietary sources. 

Chairman Mishell. Would steroid treatment benefit 
a woman who is already 10 years postmenopausal and 
has not previously received this treatment? 

Dr. Lindsay. There appears to be some doubt in the 
literature, or at least in clinicians’ minds, about the value 
of estrogen intervention in older patients or in patients 
who already have clinical osteoporosis. However, sev- 
eral studies‘ have demonstrated that replacement ther- 
apy protects women up to age 75 years and those with 
established osteoporosis against further bone loss. Es- 
trogen intervention is the first-line therapy for osteo- 
porosis in women who are at least 75 years of age. 

Chairman Mishell. Dr. McCarthy, could you com- 
ment on the advantages or disadvantages of transder- 
mal estrogen versus oral estrogen? 
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Dr. McCarthy. I made two general points about the 
absence of the first pass to the liver and the fact that a 
constant level in the blood is present rather than an 
up-and-down effect. I believe both those effects are well 
established. The advantages and relative advantages 
and disadvantages are being assessed. 

Chairman Mishell. Dr. McCarthy, you discussed the 
regulation of estrogens by membrane. In the matrix 
patch the skin is the only straight filter. Were any dif- 
ferences in plasma estradiol levels obtained with the 
two patch systems? 

Dr. McCarthy. Ours was not a direct comparison 
between the two transdermal systems. After our ad- 
verse experience with the initial patch we thought that 
many patients might withdraw in the middle of the trial; 
therefore we studied only 20 patients. We were mainly 
interested in the acceptability and did not measure se- 
rum estradiol levels in the second series. 

Chairman Mishell. Another question that arose is: 
Why not give estrogen to men because of its protective 
effects against coronary heart disease? I believe the 
answer is that it stimulates breast growth and increases 
the risk of breast cancer in men. I believe other agents 
exist that can affect the lipids beneficially. 

Another question that arose is whether estrogen re- 
placement can be given routinely to all women on a 
prophylactic basis; I believe this can be done. 

Participant. I agree. We basically have full proof of 
the protective effect; a recent article in the New England 
Journal of Medicine (1991;325:756-62) confirms that 
proof. 
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(32%) at the end of 6 months of treatment (n= 73). 
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taking SYNAREL. 


@ Retreatment cannot be recommended since safety data 
for retreatment are not currently available. 


=. | = Committed to the OB/GYN and women’s healthcare 
S SYNTEX 


192 Syntex Laboratories, Inc 829-J2-365-92 
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ZINS enough 


The safety of a rapidly cleared drug 


è Facilitates immediate termination of treatment in 
the event of drug-related adverse effects, with drug 
clearance occurring in less than 1 day. 


e The most frequent side effects with SYNAREL are 


those associated with hypoestrogenism. 


@ There is a small loss in bone density with 6-month 
treatment, some of which may not be reversible. 
During one treatment period, this bone loss should 
not be important. 


l. Syntex document #829-365-A. 
*Gonadotropin-releasing 
hormone. 


(NAFARELIN ACETATE) ssttinsinirmsin'o 


prescribing information on 
next page. 


NASAL SOLUTION, 2 MG/ML 


Satisfying the promise of GnRH* analog therapy 





BRIEF SUMMARY VIVIDLY ILLUSTRATED: 
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Genetics Is 
much more than 
child's play. 


A lot of companies offe 

laboratory tests. But it’: 

not easy to find one witl 

our focused experience i 

genetics and infertility 

At the Genetics & IVE 

Institute, we understanc 

the needs of obstetrician: 

because we're one of you 

In our well-respected nationa 

reference laboratories, your patien 

samples get the same attention 

and turnaround time as our own 

In prenatal cytogenetics, you benefit fron 

rapid amniocentesis and one of the world’s mos 
experienced chorionic villus (CVS) labs. We offer 

you expertise in Fragile X testing, molecular DNA analysi: 
for disease/carrier detection and paternity testing, blood 
chromosome analysis, and MSAFP and GEP» screening. 
For treatment of infertility, you can obtain top quality, 
genetically screened donor semen from the Fairfax Cryobank, 
and order rapid hormone assays 305 days a year. And if you 
ever need help with a test result, you consult directly with our 

laboratory heads, M.D.s, and counselors, 


GENETICS & IVF INSTITUTE 
Serving our colleagues since 1984 


For more information, please call 
1-800-654-GENE. 


Pioneering in Genetics and Infertility Technology 





V4 Mosby — / 
NA Year Book hee A? >: 


American Journal of Obstetrics and Gynecology Werpmfanre 
Founded in 1920 





Copright © 1992 by Mosby-—Year Book, Inc. 


July 


1992 


This issue contains a Clinical Section, a Basic Science Section beginning on page 178, and a Sym- 


posium on the Pathophysiology of Infertility Associated with Endometriosis beginning on page 250. 





CLINICAL SECTION 
W Clinical Articles 


Continuous combined conjugated equine estrogen-progestogen 1 
therapy: Effects of medroxyprogesterone acetate and norethindrone 

acetate on bleeding patterns and endometrial histologic diagnosis 

T.C. Hillard, MD, N.C. Siddle, MD, M.I. Whitehead, MD, D.I. Fraser, MD, and 

J. Pryse-Davies, MD 

London, England 


Continuous combined estrogen therapy may not be widely acceptable because of a high 
incidence of chronic bleeding; bleeding patterns may not be predictive of endometrial 
response. 


Macrosomia in postdates pregnancies: The accuracy of routine 7 
ultrasonographic screening 
Raphael N. Pollack, MDCM, Gittit Hauer-Pollack, MSc, and Michael Y. Divon, MD 


Bronx, New York 


Routine ultrasonographic screening to detect the presence of fetal macrosomia in postdates 
pregnancies was associated with a positive value of 64%. 


The clinical diagnosis of asphyxia responsible for brain damage in the 11 
human fetus 
James A. Low, MD, Lynn L. Simpson, MD, and David A. Ramsey, MB, ChB 


Kingston, Ontario, Canada 


The diagnosis of antepartum or intrapartum fetal asphyxia that leads to brain damage may be 
difficult with current means of clinical assessment. 


(Contents continued on page 4A) 
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Simplified Gram stain interpretive method for diagnosis of bacterial 16 
vaginosis 

Jessica L. Thomason, MD, Robert J. Anderson, PhD, Sheldon M. Gelbart, PhD, 

Peter J. Osypowski, MT(ASCP), Nancy J. Scaglione, OGNP, Gamal El Tabbakh, MD, and 

Janine A. James, MD 

Milwaukee, Wisconsin, and Chicago, Illinois 


By including clue cells in the Gram stain criteria, it is possible to rapidly diagnose bacterial 
vaginosis from Gram stains of vaginal secretions without having to count individual bacteria 
on each stain. 


Ethically justified guidelines for family planning interventions to 19 
prevent pregnancy in female patients with chronic mental illness 

Laurence B. McCullough, PhD, John Coverdale, MB, ChB, Timothy Bayer, MD, and 

Frank A. Chervenak, MD 

Houston, Texas, and New York, New York 


On the basis of the concept of chronically and variably impaired autonomy, we propose 
ethically justified clinical guidelines for family planning interventions to prevent pregnancy in 
female patients with chronic mental illness. 


A prospective, controlled multicenter study on the obstetric risks of 26 
pregnant women with antiphospholipid antibodies 


Henk J. Out, MD, Hein W. Bruinse, MD, Godelieve C.M.L. Christiaens, MD, Marja van Vliet, 
Philip G. de Groot, PhD, H. Karel Nieuwenhuis, MD, and Ronald H.W.M. Derksen, MD 
Utrecht, The Netherlands 


In a multicenter controlled study it is demonstrated prospectively that the presence of 
antiphospholipid antibodies is a risk factor for adverse pregnancy outcome. 


(Contents continued on page 7A) 
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Less 





è Less frequent dosing (gynecologic infection*: 
1-2 g q12h; prophylaxis: 1 g as a single dose) helps 
reduce the chance of missed doses during your 
patient's care 


è \Well established—more and more patients treated 
every day 


© Demonstrated efficacy,’ long half-life, and sustained 
therapeutic concentrations? mean more confidence 
in coverage despite OR delays and prolonged 
procedures 


e Outstanding activity'*® against Neisseria 
gonorrhoeae, Escherichia coli, Bacteroides fragilis, 
and more...CDC-recommended for PID? and cost- 
effective 


For added assurance 


CEFOTAN... 





J (cefotetan disodium | 





* Please refer to product labeling for indicated organisms. 
tin vitro activity does not necessarily correlate with in vivo effectiveness. 


Please see adjacent page for brief summary of prescribing information. 


© 1992 ICI Americas Inc. 
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For Intravenous or Intramuscular Use 

PLEASE SEE FULL PRESCRIBING INFORMATION FOR A COMPLETE DESCRIPTION. 
A BRIEF SUMMARY FOLLOWS. 

INDICATIONS AND USAGE 

TREATMENT 

CEFOTAN is indicated for the therapeutic treatment of the following infections when caused by 
susceptible strains of the designated organisms: 

Urinary Tract Infections caused by E. coli, Klebsiella species (including K. pneumoniae), Proteus 
mirabilis, and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganil). 

Lower Respiratory Tract Infections caused by Streptococcus pneumoniae (formerly D. pneumoniae), 
Staphylococcus aureus (penicillinase- and es ppap Ria strains), Haemophilus influenzae 
(including ampicillin-resistant strains), Klebsiella species (including K. pneumoniae), E. coli, Proteus 
mirabilis, and Serratia marcescens”. 

Skin and Skin Structure Infections due to Staphylococcus aureus (penicillinase- and nonpenicillinase- 
producing strains), us epidermidis, Streptococcus pyogenes, Streptococcus species (excluding 
enterococci), Escherichia coli, Klebsiella pneumoniae, Peptococcus niger*, Peptostreptococcus species. 

Gynecologic Infections caused by Staphylococcus aureus (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus species (excluding enterococci), 
Streptococcus agalactiae, E. coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species 
(excluding B. distasonis, B. ovatus, B. thetaiotaomicron), Fusobacterium species’, and gram-positive 
anaerobic cocci (including Peptococcus niger and Peptostreptococcus species). 

Cefotetan, like other cephalosporins, has no activity against Chlamydia trachomatis. Therefore. when 
cephalosporins are used in the treatment of pelvic inflammatory disease, and C. trachomatis is one of the 
soporta dst appropriate antichlamydial coverage should be added. 

intra-abdominal Infections caused by E. coli, Klebsiella species (including K. pneumoniae), Streptococcus 
species (excluding enterococci), Bacteroides species (excluding B. distasonis, B. ovatus, B. thetaiotaomicron) 
and Clostridium species”. 

Bone and Joint Infections caused by Staphylococcus aureus* 

“Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify causative 
organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted before results 
of susceptibility studies are known; however, once these results become available, the antibiotic treat- 
ment should be adjusted accordingly. 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro against many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity of 
the infection and the patient's condition. 

NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and carn of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
eal aye gg be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 


The preoperative administration of CEFOTAN may reduce the incidence of certain postoperative 
infections in patients undergoing surgical procedures that are classified as clean contaminated or 
potentially contaminated (e.g., cesarean section, abdominal or vaginal hysterectomy, transurethral 
"an biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for identification 
of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
Pa is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 

BEFORE THERAPY WITH CEFOTAN IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO 
DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO 
CEFOTETAN DISODIUM, CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. IF THIS PRODUCT IS TO 
BE GIVEN TO PENICILLIN-SENSITIVE PATIENTS, CAUTION SHOULD BE EXERCISED BECAUSE CROSS- 
HYPERSENSITIVITY AMONG BETA-LACTAM ANTIBIOTICS HAS BEEN CLEARLY DOCUMENTED AND MAY 
OCCUR IN UP TO 10% OF PATIENTS WITH A HISTORY OF PENICILLIN ALLERGY. IF AN ALLERGIC 
REACTION TO CEFOTAN OCCURS, DISCONTINUE THE DRUG. SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE TREATMENT WITH EPINEPHRINE AND OTHER EMERGENCY MEASURES, 
INCLUDING OXYGEN, INTRAVENOUS FLUIDS, INTRAVENOUS ANTIHISTAMINES, CORTICOSTEROIDS, 
PRESSOR AMINES AND AIRWAY MANAGEMENT, AS CLINICALLY INDICATED. 

Pseudomembranous colitis has been reported with nearly all antibacterial agents, including 
cefotetan, and may range from mild to life-threatening. Onset of omg tm colitis symptoms 
may occur during or after antibiotic treatment or surgical prophylaxis. Therefore, it is important to 
consider this diagnosis in patients who present with diarrhea subsequent to the administration of 
antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon and may permit overgrowth of 
clostridia. Studies indicate that a toxin produced by Clostridium difficile is a primary cause of “antibiotic- 
associated colitis.” 

After the diagnosis of pseudomembranous colitis has been established, therapeutic measures should 
be initiated. Mild cases of pseudomembranous colitis usually respond to discontinuation of the ow 
alone. In moderate to severe cases, consideration should be given to management with fluids and elec- 
trolytes, protein supplementation, and treatment with an oral antibacterial drug effective against 
Clostridium difficile. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity and, possibly, subsequent bleeding. Those at increased risk include patients with 
renal or hepatobiliary impairment or poor nutritional state, the elderly, and patients with cancer. Pro- 
thrombin time should be monitored and exogenous vitamin K administered as indicated. 

PRECAUTIONS 

General: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 

Information for Patients: As with some other cephalosporins, a disulfiram-like reaction characterized 
by flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, etc.) is ingested 
within 72 hours after CEFOTAN administration. Patients shoulc be cautioned about the ingestion of 
alcoholic beverages following the administration of CEFOTAN. 

Drug Interactions: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
alone, r is oe that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 

Drug/Laboratory Test Interactions: The administration of CEFOTAN may result in a false-positive 
reaction for glucose in the urine using Clinitest®t, Benedict's solution, or Fehling’s solution. It is 
recommended that glucose tests based on enzymatic glucose oxidase be used. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of serum 
and urine creatinine levels by Jaffe reaction and produce false increases in the levels of creatinine reported. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Although long-term studies in animals have not 
been performed to evaluate carcinogenic potential, no mutagenic potential of cefotetan was found in 
standard laboratory tests. 
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(cefotetan disodium | 


Available in 1-gram and 2-gram vials 


Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methyithiotetrazole- 
containing antibiotics and impaired fertility has been reported, particularly at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 Uh ge get SC for 5 weeks, or 
in infant ra (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. 

Pregnancy: Teratogenic Effects. Pregnancy Category B: Reproduction studies have been parma in” 
rats and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies 
in pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 

Nursing Mothers: Cefotetan is excreted in human milk in very low concentrations. Caution should be 
exercised when cefotetan is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. Those 
opten in italics have been reported aung postmarketing experience. 

Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700); pseudomembranous colitis. Onset of pseudomembranous colitis symptoms may occur 
during or after antibiotic treatment or surgical prophylaxis. (See WARNINGS.) 

Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 
200), positive direct Coombs test (1 in 250), and thrombocytosis (1 in 300); agranulocytosis, hemolytic 
anemia, leukopenia, thrombocytopenia, and prolonged prothrombin time. 

Hepatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

Hypersensitivity reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 
(1 in 700); anaphylactic reactions. 

Local effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). 

Miscellaneous: Fever 

In addition to the adverse reactions listed above which have been observed in patients treated with 
cefotetan, the following adverse reactions and altered laboratory tests have been reported for cephalo- 
sporin-class antibiotics: urticaria, pruritis, Stevens-Johnson syndrome, erythema multiforme, toxic epidermal 
necrolysis, vomiting, abdominal pain, colitis, superinfection, vaginitis including vaginal candidiasis, renal 
dysfunction, toxic nephropathy, hepatic dysfunction including cholestasis, aplastic anemia, hemorrhage, 
increased BUN, increased creatinine, elevated bilirubin, pancytopenia, and neutropenia. 

Several cephalosporins have been implicated in aie seizures, particularly in patients with renal 
impairment when the dosage was not reduced (see DOSAGE AND ADMINISTRATION and OVERDOSAGE). 
If seizures associated with drug therapy occur, the drug should be discontinued. Anticonvulsant therapy 
can be given if clinically indicated. 

DOSAGE AND ADMINISTRATION 
TREATMENT 

The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intramuscularly 
every 12 hours for 5 to 10 days. Proper dosage and route of administration should be determined by the 
condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 
1 or 2 g every 24 hours IV or IM 
1 or 2 g every 12 hours IV or IM 
Skin & Skin Structure 
Mild-Moderate@ 2 grams 2 g every 24 hours IV 
1 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6 grams? 3 g every 12 hours IV 


A we skin and skin structure infections should be treated with 1 or 2 grams every 12 hours 
or IM. 
b Maximum daily dosage should not exceed 6 grams. 

If C. trachomatis is a suspected pathogen in gynecologic infections, appropriate antichlamydial 
corage should be added, since cefotetan has no activity against this organism. 
PROPHYLAXIS 

To prevent postoperative infeċtion in clean contaminated or potentially contaminated surgery in adults, 
the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 30 to 60 minutes 
prior to surgery. In patients undergoing cesarean section, the dose should be administered as soon as 
the umbilical cord is clamped. 
IMPAIRED RENAL FUNCTION 

When renal function is impaired, a reduced dosage schedule must be employed. See FULL PRESCRIBING 
INFORMATION for a complete description. 
NOTE: Parenteral drug products should be inspected visually for particulate matter and discoloration 
prior to administration whenever solution and container permit. 
Clinitest®t is a registered trademark of Ames Division, Miles Laboratories, Inc. 


References: 1. Walker CK, Landers DV, Ohm-Smith MJ, et al. Comparison of cefotetan plus ine with cefoxitin 
plus doxycycline in the inpatient treatment of acute salpingitis. Sex Trans Dis. 1991;18:119-123. 2. McGregor JA, Gordon SF, 
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doses of cefoxitin as prophylaxis in cesarean section. Am J Obstet Gynecol. 1988;158:701-706. 3. Carver P, Quintiliani R, 
Nightingale CH. Comparative pharmacokinetic study of cefotetan and cefoxitin in healthy volunteers. /nfect Surg. April 
1986(suppl):11-14. 4. Ohm-Smith MJ, Sweet RL, Hadley WK. In vitro activity of Sang orf and other antimicrobial 
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Term birth after midtrimester hysterotomy and selective delivery of an 33 
acardiac twin 

Norman A. Ginsberg, MD, Michael Applebaum, MD, Steven A. Rabin, MD, Melissa A. Caffarelli, MS, 
Monika Kuuspalu, RT, RDMS, Jay L. Daskal, MD, Yury Verlinsky, PhD, Charles M. Strom, MD, PhD, 

and John J. Barton, MD 

Chicago, Illinois 


Midgestation hysterotomy to deliver an acardiac twin fetus is described with term delivery of 
its healthy “pump” twin; a report of acardius in a triplet pregnancy is also presented. 


Idiopathic myelofibrosis in pregnancy: A case report and review of the 38 
literature 
Udele B. Taylor, MD, Arlene D. Bardeguez, MD, Nidia Iglesias, MD, and Pedro Gascon, MD, PhD 


Newark, New Jersey 


A case of idiopathic myelofibrosis in pregnancy is reported and its management is discussed. 


Oral contraceptive use and the incidence of cervical intraepithelial 40 
neoplasia 

Inger T. Gram, MD, Maurizio Macaluso, MD, DrPH, and Helge Stalsberg, MD 

Tromsö, Norway, and Birmingham, Alabama 


A follow-up study of 6622 Norwegian women supports the hypothesis that the incidence of 
cervical intraepithelial neoplasia is increased by oral contraceptive use. 


Calcium homeostasis in pregnant women receiving long-term 45 
magnesium sulfate therapy for preterm labor 
Leon G. Smith, Jr., MD, Pamela A. Burns, RN, and Richard J. Schanler, MD 


Houston, Texas 


Long-term magnesium sulfate therapy in the last trimester of pregnancy resulted in changes 
in maternal calcium homeostasis and bone mineralization. 


Nifedipine for treatment of preterm labor: A historic prospective study 52 
Carolyn Murray, MD, MPH, Albert D. Haverkamp, MD, Miriam Orleans, PhD, 

Sally Berga, MD, PhD, and Denise Pecht, MD 

Denver, Colorado 


In 102 patients treated with nifedipine for preterm labor, maternal side effects were mild and 
no adverse fetal or neonatal effects were observed. 


Nonimmune hydrops fetalis associated with maternal infection with 56 
syphilis 

John R. Barton, MD, Edwin M. Thorpe, Jr., MD, David C. Shaver, MD, W. David Hager, MD, and 

Baha M. Sibai, MD 

Lexington, Kentucky, and Memphis, Tennessee 


Three cases of nonimmune hydrops fetalis in association with intrauterine infection with 
syphilis were diagnosed antenatally; an aggressive management resulted in survival of all 
neonates. 
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Suppression of 24-hour cholecystokinin secretion by oral 58 
contraceptives 


Roger Karlsson, MD, Angelica Linden, MD, PhD, and Bo von Schoultz, MD, PhD 
Umea and Stockholm, Sweden 


Treatment with oral contraceptives caused a suppression of 24-hour cholecystokinin secretion, 
which could be related to side effects such as increased appetite and weight gain. 


Delayed endometrial maturation induced by daily administration of the 60 
antiprogestin RU 486: A potential new contraceptive strategy 


Marcelo C. Batista, MD, Tannia P. Cartledge, RN, Ann W. Zellmer, RN, Maria J. Merino, MD, 
Constantine Axiotis, MD, D. Lynn Loriaux, MD, PhD, and Lynnette K. Nieman, MD 
Bethesda, Maryland 


Daily administration of the antiprogestin RU 486 (1 mg/day) throughout the menstrual cycle 
delays endometrial maturation and may offer a novel strategy for human fertility control. 


Antenatal tests of fetal welfare and development at age 2 years 66 
Angela L. Todd, BA, Brian J. Trudinger, MD, Michael J. Cole, MB, and George H. Cooney, PhD 
Westmead, New South Wales, Australia 


In fetuses delivered electively before 34 weeks, an abnormal fetal heart rate rather than a 
Doppler result was more strongly associated with poorer development at 2 years, but all 
fetuses performed less well than a control group delivered spontaneously before 34 weeks. 


Retrospective maternal mortality case ascertainment in West Virginia, 72 
1985 to 1989 


Timothy D. Dye, MA, MPA, MS, Howard Gordon, MD, Berel Held, MD, Nancy J. Tolliver, MSIR, 
and Alan P. Holmes, MBA 
Charleston, Morgantown, and Huntington, West Virginia 


Increases in maternal mortality highlight the importance of amplified surveillance and 
reporting of maternal deaths and the need for enhanced case review of potential maternal 
deaths. 


Laparoscopic diagnosis and repair of spigelian hernia: Report of a sf 
case and technique 
James E. Carter, MD, PhD, and Craig Mizes, MD 


Mission Viejo, California 


The procedures for laparoscopic visualization, dissection, and repair of acquired spigelian 
hernia are outlined. 


Oligohydramnios and megacolon in a fetus with vesicorectal fistula 79 
and anal-urethral atresia: A case report 

Mordechai Hallak, MD, Alexander A. Reiter, MD, Leon G. Smith, Jr., MD, Gary A. Dildy III, MD, 

and Milton J. Finegold, MD 

Houston, Texas 


Congenital diversion of urine into the colon of a fetus with vesicorectal fistula and 
urethral-anal atresia produced an abdominal mass and oligohydramnios. 
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These days, this isn’t all you have to deliver. 


The demands placed on physicians are growing, 
and changing, as never before. 

That’s why Caremark - an affiliate of Baxter 
Healthcare Corporation - has created Women’s Health. 

We offer comprehensive services to support both 
your practice, and your patients, with a special focus on 
the management of high risk pregnancies. 

Our sophisticated yet simple First Activity“ 
Monitor lets you oversee high risk pregnancies 24 hours 
a day. Your patients collect data on uterine activity and 
other physiological indicators at home, transmitting it to 
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receive timely information, allowing you to prescribe the 
best treatment, at the right time. (Use of the device to 
detect pre-term labor, prior to 36 week gestation, is still 
considered investigational. ) 

What’s more, with skilled Caremark pharmacists, 
perinatal and IV nurses available day and night, you can be 
sure your patients will get the quality of care you prescribe. 

For more information, call 1-800-423-1411. We 


can help you deliver more. 


CAREMARK 


Women's Health 


Affihate Baxter Healthcare Corporation 


Contents continued from page 9A 


Pathways to hysterectomy: Insights from longitudinal twin research 82 
Susan A. Treloar, MSW, Nicholas G. Martin, PhD, Lorraine Dennerstein, PhD, 

Beverley Raphael, MD, and Andrew C. Heath, DPhil 

Brisbane, Queensland, and Melbourne, Victoria, Australia 


Analysis of hysterectomy and its covariates, in a two-wave Australian twin study, suggests 
strong genetic effects on hysterectomy. 


Maternal and fetal hemodynamic effects of autologous blood donation 89 
during pregnancy 

Sabine Droste, MD, Tanya Sorensen, MD, Thomas Price, MD, Merlin Sayers, MD, 

Thomas Benedetti, MD, Thomas Easterling, MD, and Susan Hendricks, MD 

Madison, Wisconsin, and Seattle, Washington 


The magnitude of hemodynamic change after the acute loss of 1 U of blood was found to be 
less than that associated with ordinary orthostasis. 


First-trimester diagnosis of cystic hygroma—Course and outcome 94 
Rieteke M. van Zalen-Sprock, MD, John M.G. van Vugt, MD, PhD, and Herman P. van Geijn, MD, PhD 
Amsterdam, The Netherlands 


This article describes the outcome of 22 fetuses with cystic hygroma detected in the first 
trimester of pregnancy with transvaginal ultrasonographic examination. 


Baking powder pica mimicking preeclampsia 98 
John R. Barton, MD, Caroline A. Riely, MD, and Baha M. Sibai, MD 
Memphis, Tennessee 


Baking powder pica during pregnancy was associated with maternal hypertension, 
hypokalemia, and elevated values of liver function tests. 


Presacral neurectomy for the treatment of pelvic pain associated with 100 
endometriosis: A controlled study 

Giovanni Battista Candiani, MD, Luigi Fedele, MD, Paolo Vercellini, MD, Stefano Bianchi, MD, 

and Giuliana Di Nola, MD 

Milan, Italy 


The addition of presacral neurectomy to conservative surgery for moderate or severe 
endometriosis did not reduce pelvic pain more than did conservative surgery alone. 


Self-administered home cervicovaginal lavage: A novel tool for the 104 
clinical-epidemiologic investigation of genital human papillomavirus 

infections 

Ellen A.B. Morrison, MD, Gary L. Goldberg, MD, Robert J. Hagan, MS, Anna S. Kadish, MD, 

and Robert D. Burk, MD 


Bronx, New York 


Human papillomavirus detection by polymerase chain reaction and Southern blot on samples 
from physician-administered or self-administered cervicovaginal lavage yielded similar results. 
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Cold therapy in the management of postoperative cesarean section 
pain 

Soheil Amin-Hanjani, MD, Joseph Corcoran, DO, and Ashwin Chatwani, MD 
Philadelphia, Pennsylvania 


Use of cold therapy for postoperative cesarean section pain is presented. 


eye wesc products do not modulate angiotensin Il-induced 
contractions of human chorionic plate arteries 


Grigory Sorokin, BS, Nancy M. Grant, BS, Brent M. Egan, MD, and Julian H. Lombard, PhD 


Milwaukee, Wisconsin 


Angiotensin II-induced contractions of human chorionic plate arteries are unaffected by 


indomethacin, and exogenous arachidonic acid produces an indomethacin-sensitive contraction 


of the vessels. 


Perihepatic adhesions: Not necessarily pathognomonic of pelvic 
infection 
Soheil Amin-Hanjani, MD, Thomas Neely, MD, and Ashwin Chatwani, MD 


Philadelphia, Pennsylvania 


Perihepatic adhesions were observed by laparoscopy in 17% of otherwise normal women 
undergoing interval sterilization. 


Prophylactic amnioinfusion improves outcome of pregnancy 
complicated by thick meconium and oligohydramnios 

Charles J. Macri, MD, CDR, MC, USN, David B. Schrimmer, MD, Anna Leung, MD, 
Jeffrey S. Greenspoon, MD, and Richard H. Paul, MD 

Los Angeles, California 


Amnioinfusion was demonstrated to decrease significantly the rates of cesarean delivery and 


meconium aspiration syndrome in pregnancies complicated by thick meconium and 
oligohydramnios. 


Spontaneous ovarian hyperstimulation syndrome concomitant with 
spontaneous pregnancy in a woman with polycystic ovary disease 


Yaron Zalel, MD, Zvi Katz, MD, Benjamin Caspi, MD, Herzel Ben-Hur, MD, Rami Dgani, MD, 


and Vaclav Insler, MD 
Rehovot, Israel 


A case of spontaneous hyperstimulation in association with spontaneous pregnancy is 
presented; the possible role of polycystic ovary disease in hyperstimulation of the ovary is 
discussed. 


Screening for Down syndrome with the femur length/biparietal 
diameter ratio: A new twist of the data 


Lawrence D. Platt, MD, Arnold L. Medearis, MD, Dru E. Carlson, MD, Rena E. Falk, MD, 
Greggory R. DeVore, MD, Janet Horenstein, MD, and Catherine A. Walla, RN, MA, MN 


Los Angeles, California 


Although data suggest that biometric measurements may be advantageous in screening for 


Down syndrome, larger numbers are required before their introduction into clinical practice. 
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Rupture of uterine scar with extensive maternal bladder laceration 129 
after cocaine abuse 


Chaur-Dong Hsu, MD, MPH, Serena Chen, MD, Terry I. Feng, MD, MPH, and 
Timothy R.B. Johnson, MD 
Baltimore, Maryland 


A patient is described with cocaine abuse and rupture of a uterine scar, as well as extensive 
maternal bladder laceration. 


Comparison of the efficacy of different local anesthetics and 131 
techniques of local anesthesia in therapeutic abortions 
Ellen R. Wiebe, MD 


Vancouver, British Columbia, Canada 


During therapeutic abortions, carbonated lidocaine reduced pain scores by 8% compared with 
plain lidocaine; deep injections of lidocaine reduced pain scores by 25% compared with 
regular injections. 


Simultaneous ovarian and intrauterine pregnancy: Case report 134 
Anna Bernabei, MD, Giuseppe Morgante, MD, Massimo Mazzini, MD, Elisabetta Guerrini, MD, 

Antonio Fava, MD, and Secondo Danero, MD 

Siena, Italy 


A case of simultaneous ovarian and intrauterine pregnancy was successfully treated. 


Antibodies to Chlamydia trachomatis in sera of women with recurrent 135 
spontaneous abortions 


Steven S. Witkin, PhD, and William J. Ledger, MD 
New York, New York 


Among women with no history of chlamydial infection, the presence of antibodies to 
Chlamydia trachomatis was associated with recurrent spontaneous abortion. 


Randomized, double-blind study of cefotetan and cefoxitin in 139 
post-cesarean section endometritis 

Rob Roy MacGregor, MD, Amy L. Graziani, PharmD, and Philip Samuels, MD 

Philadelphia, Pennsylvania 


Cefotetan and cefoxitin were found to be equally efficacious and safe in the first double-blind 
study of the drugs in post-cesarean section endometritis. 


Interactions between intrauterine contraceptive device use and 144 
breast-feeding status at time of intrauterine contraceptive device 

insertion: Analysis of TCu-380A acceptors in developing countries 

Gaston Farr, MA, and Roberto Rivera, MD 


Research Triangle Park, North Carolina 


Breast-feeding among intrauterine contraceptive device users was associated with fewer 
insertion-related complaints and lower removal rates for bleeding and pain. 
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Survival and disease progression in human immunodeficiency 152 
virus-infected women after an index delivery 
D. Jay Gloeb, DO, Shenghan Lai, PhD, JoNell Efantis, RN, ARNP, and Mary Jo O’Sullivan, MD 


Miami, Florida 


The majority of 103 human immunodeficiency virus antibody—positive pregnant women 
monitored prospectively were alive 3 years later, but lymphadenopathy syndrome at the index 
delivery or herpes genitalis during pregnancy was significantly associated with a subsequent 
diagnosis of acquired immunodeficiency syndrome. 


Enhanced follicle regulatory protein levels accompany reinitiation of 158 
ovulatory function after parturition 

Barry D. Albertson, PhD, Kathy E. Rodgers, PhD, Thomas P. Tomai, MS, Kathy Nolan-Watson, MD, 

Michael J. Zinaman, MD, and Gere S. DiZerega, MD 

Washington, D.C., and Los Angeles, California 


Increased urinary follicle regulatory protein levels are associated with the appearance of a 
functional corpus luteum in breast-feeding, postpartum women. 


Immunolocalization of the vasoconstrictor endothelin in human 163 
endometrium during the menstrual cycle and in umbilical cord at birth 


Lois A. Salamonsen, PhD, Anna R. Butt, Anne M. Macpherson, BSc(Hons.), Peter A.W. Rogers, PhD, 
and Jock K. Findlay, PhD 
Clayton, Victoria, Australia 


Immunoreactive endothelin was detected in endometrial stroma throughout the menstrual 
cycle, in endometrial epithelium during the secretory phase, and in umbilical endothelial and 
amniotic cells. 


Reduced platelet tritium-labeled imipramine binding sites in women 168 
with premenstrual syndrome 
John F. Steege, MD, Anna L. Stout, PhD, David L. Knight, BS, and Charles B. Nemeroff, MD, PhD 


Durham, North Carolina 


Women with premenstrual syndrome have tritium-labeled imipramine binding levels similar to 
those seen in women with depression. 


The development of ultradian rhythms in the human fetus 172 
Mary Pillai, MB, David K. James, MD, and Michael Parker, MB 
Bristol, Canada 


Emergence of the cyclic distribution of fetal activity and the development of linkage of 
conditions of a number of fetal activities are described. 
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Effect of calcitonin gene-related peptide on the uterine vasculature of 178 
the nonpregnant ewe 


Daseng Yang, MD, George A. Van Buren, MD, and Kenneth E. Clark, PhD 
Cincinnati, Ohio 


Calcitonin gene-related peptide was 10 times more potent than prostacyclin as a uterine 
vasodilator in the nonpregnant ewe. 


An ultrastructural study of the developing urogenital tract in early 185 
human fetuses 


W. Dwayne Lawrence, MD, Diana Whitaker, MS, Hoshiki Sugimura, MD, Gerald R. Cunha, PhD, 
G. Richard Dickersin, MD, and Stanley J. Robboy, MD 

Detroit, Michigan, Philadelphia, Pennsylvania, San Francisco, California, Boston, 

Massachusetts, Newark, New Jersey, and Mie-Kan, Japan 


The mesonephric (wolffian) and paramesonephric (miillerian) ducts have separate origins and 
both show evidence of a role for extensive epithelial-stromal interaction in their 
cytodifferentiation. 


Activation of protein kinase C stimulates collagenase production by 194 
cultured cells of the cervix of the pregnant guinea pig 


Mohammad R. Rajabi, MD, PhD, Samuel Solomon, PhD, and A. Robin Poole, PhD 
Montreal, Quebec, Canada 


Activation of protein kinase C results in stimulation of collagenase production in cervical cell 
cultures of the pregnant guinea pig. 


Hydrogen peroxide and reoxygenation cause prostaglandin-mediated 201 
contraction of human placental arteries and veins 


Hatim A. Omar, MD, Reinaldo Figueroa, MD, Rawhi A. Omar, MD, PhD, Nergesh Tejani, MD, 
and Michael S. Wolin, PhD 
Valhalla, New York, and Morgantown, West Virginia 


Increases in oxygen tension appear to produce contraction of placental arteries and veins by 
generation of hydrogen peroxide, a stimulus for the production of prostaglandins. 


Inhibitory effect of medroxyprogesterone acetate on angiogenesis 207 
induced by human endometrial cancer 


Hiroaki Jikihara, MD, Nobuyuki Terada, MD, PhD, Reiko Yamamoto, CT(IAC), 
Yoshinobu Nishikawa, MD, Osamu Tanizawa, MD, PhD, Keishi Matsumoto, MD, PhD, and 
Naoki Terakawa, MD, PhD 

Osaka and Yonago, Japan 


Inhibition of angiogenesis may be one of the mechanisms by which medroxyprogesterone 
acetate inhibits the growth of endometrial adenocarcinoma. 
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Changes in expression of the cyclooxygenase gene in human fetal 212 
membranes and placenta with labor 
Phillip R. Bennett, BSc, MD, Deborah J. Henderson, BSc, and Gudrun E. Moore, BA, PhD 


London, England 


Human amnion, chorion-decidua, and trophoblast express the gene for cyclooxygenase at low 
levels during pregnancy, with a large increase in expression in amnion and trophoblast in 
association with labor. 


A novel change in cytologic localization of human chorionic 217 
gonadotropin and human placental lactogen in first-trimester placenta 

in the course of gestation 

Takeshi Maruo, MD, Cecilia A. Ladines-Llave, MD, Hiroya Matsuo, MD, Augusto S. Manalo, MD, and 
Matsuto Mochizuki, MD 

Kobe, Japan, and Manila, Philippines 


During the course of early development of the placenta, there is a change in cytologic 
localization of human chorionic gonadotropin and human placental lactogen from 
cytotrophoblast to syncytiotrophoblast around the sixth week of gestation. 


Transforming growth factor-@ opposes the stimulatory effects of 222 
interleukin-1 and tumor necrosis factor on amnion cell prostaglandin 
E> production: Implication for preterm labor 


Kristina Bry, MD, and Mikko Hallman, MD 
Irvine, California, and Helsinki, Finland 


We propose that transforming growth factor-8 maintains pregnancy in the face of 
labor-promoting cytokines. 


Mutations of the Ki-ras oncogene in endometrial carcinoma 227 
Diane Ignar-Trowbridge, PhD, John I. Risinger, MS, Georgette A. Dent, MD, Matthew Kohler, MD, 

Andrew Berchuck, MD, John A. McLachlan, PhD, and Jeff Boyd, PhD 

Research Triangle Park, Chapel Hill, and Durham, North Carolina 


A specific activating point mutation of the K-ras oncogene was detected in 10% of 
endometrial carcinomas. 
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graded reduction of umbilical or uterine blood flow in fetal sheep 


Rene P. Paulick, MD, Rebecka L. Meyers, MD, and Abraham M. Rudolph, MD 
San Francisco, California 


Administration of oxygen to the ewe significantly improved fetal oxygenation associated with 
reduced umbilical blood flow, particularly when uterine blood flow was reduced. 


Convulsions in pregnancy in related gorillas 240 
James G. Thornton, MD, and Joseph L. Onwude, MB 
Leeds, England 


While breeding in captivity both a gorilla and its grandmother had convulsions, which may 


have been eclampsia, during pregnancy. 
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for epidermal growth factor, is expressed in fetal and neonatal mouse 

brain 

John Yeh, MD, Kenneth M. Rosen, PhD, and Lydia Villa-Komaroff, PhD 


Boston, Massachusetts 


Reverse transcription followed by polymerase chain reaction, a highly sensitive technique, 
demonstrated fetal and neonatal mouse brain transforming growth factor-a gene expression 
for the first time. 
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Reuven M. Lewinsky, MD, Lawrence W. Oppenheimer, MB, Robert J. Morrow, MD, 

S. Lee Adamson, PhD, Dan Farine, MD, and J.W. Knox Ritchie, MD 

Toronto, Ontario, Canada 


An electrocardiographic waveform persisted after mechanical asystole in eight fetal sheep 
dying of hypoxic acidemia, suggesting that electromechanical dissociation may be an 
important event in some intrapartum deaths. 
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Osaka, Japan 


Immunologic and molecular biologic studies indicate the important role of human trophoblasts 
for the survival of the fetoplacental allograft during pregnancy. 
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endometriosis 

Hideharu Kanzaki, MD, Huei-Sheng Wang, MD, Masatoshi Kariya, MD, and Takahide Mori, MD 

Kyoto, Japan 


Sera from patients with endometriosis suppressed natural killer cell activity in vitro in a dose- 
and time-dependent manner. 
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Naohiko Umesaki, MD, PhD, Satoshi Uda, MD, Masami Kawabata, MD, PhD, and 
Sachio Ogita, MD, PhD 

Osaka, Japan 


In our experimental model increased macrophage infiltration of the peritoneal cavity resulted 
in reduced fecundity. 
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We present evidence for the decrease of cytokine levels and concomitant elimination of 
embryo toxicity in peritoneal fluid of women with endometriosis after medical treatment. 
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Luteinized unruptured follicle frequently occurs in patients with early stages of endometriosis 
and may be one of the causes of endometriosis-associated infertility. 
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The luteal function was investigated in infertile patients with or without endometriosis; the 
results indicate that luteal function defects are not directly related to endometriosis-associated 
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The presence of endometriosis did not affect the subsequent conception rates in infertile 
patients. 
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Gonadotropin-releasing hormone agonists reduced the binding of gonadotropin-releasing 
hormone, luteinizing hormone release, and luteinizing hormone- messenger ribonucleic acid 
and presumably altered the molecular structure of released luteinizing hormone; these effects 
may be involved in gonadal suppression. 
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Copyright statement. The specified copyright state- 
ment that follows the Information for Authors in each issue 
of the JOURNAL must be completed, signed by all authors, 
and submitted with the manuscript. If not completed in full, 
it will be returned to the author for completion. The copy- 
right statement and checklist form may be torn from the 
JOURNAL or photocopied for submission. 

Checklist. The checklist that appears with the copyright. 
statement in each issue of the JOURNAL must be fully com- 
pleted by the author(s) and sent with each submitted manu- 
script. A more complete description of each item that must 
be checked is provided under the appropriate heading in the 
Information for Authors, which is published in each issue 
of the JOURNAL: If the checklist is not completed in full, the 
deficiencies will be noted, and the form, as well as the 
manuscript when necessary, will be returned to the author 


for completion. — : 


Previous publication. If a report by the same author(s) 
or some of the same authors has been previously published 
in any medium that deals in any respect whatsoever with the 
same patients, same animals, same laboratory experiments, 
or same data, in part or in full, as those reported in the ` 
manuscript being submitted, two reprints of the article(s) 
or two copies of the manuscript, be it a full-length report or 
an abstract, must be submitted with the manuscript. Two 


“copies of a new manuscript being prepared for possible 


publication also must be submitted. The author(s) should 
inform the Editor of the circumstances, similarities, and 
differences-of the reports. This requirement also applies to 
the submission of a manuscript in which a few different 
patients, animals, laboratory experiments, or data were © 
added to those reported in a previous publication or in a 
submitted or accepted manuscript. Articles previously pub- 
lished-in another language will not be considered. 
Human and nonhuman experimentation. It is as- 
sumed by the Editors that manuscripts emanating from a 
particular institution are submitted with the approval of the 
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requisite authority. Human experimentation that requires 
local institutional approval must have this approval befcre 
the experiment is started and approval must be so indicated 
in the Material and Methods section of the submitted 
manuscript. Reports of experiments on nonhuman animals 
or other species must state in the Material and Methods s2c- 
tion of the manuscript that the guidelines for the care and 
use of the animals approved by the local institution were fol- 
lowed. The type of nonhuman animals or other species used 
in an investigation must be named in the title, abstract, key 
words, and Material and Methods section of the manuscript. 

Authorship. For manuscripts with two or more authors, 
each author-must qualify by having participated actively 
and sufficiently in the study that is being performed and 
reported. The inclusion of each author in the authorship list 
of a report is based only (1) on substantial contributions to 
(a) concept and design, or analysis and interpretation of 
data and (b) drafting the manuscript or revising it critically 
for important intellectual content; and (2) on final approval 
by each author of the version of the manuscript. Conditions 
] (a and b) and 2 must both be met. Others contributir.g to 
the work should be recognized separately in an Acknowl- 
edgment. In the covering letter that accompanies the sub- 
mitted manuscript, it must be confirmed that all authors 
fulfilled both conditions. 

Conflict of interest. Authors are expected to inform the 
Editor, in a letter accompanying the submitted manuscript, 
of any commercial association that might pose a confhct of 
interest, such as ownership, stock holdings, equity interests 
and consultant activities, or patent-licensing situacions. 
Such information is confidential, is not given to the con- 
sultants, and does not play a part in the decision cf the 
quality or timeliness of the manuscript. If the manuscript 
is accepted, the author and the Editor will determine how 
best to release the information. The usual and customary 
listing of sources of support and institutional affiliations on 
the title page is proper and dces not imply a confict of 
interest; only where there is a possible conflict of interest is 
the author(s) expected to inform the Editor. 

Disclaimer. Statements and opinions expressed in arti- 
cles and communications herein are those of the author(s) 
and not necessarily those of the Editor(s) or Publisher, and 
the Editor(s) and Publisher disclaim any responsibility or 
liability for such material. Neither the Editor(s) nor the 
Publisher guarantees, warrants, or endorses any product or 
service advertised in this publication, nor do they guarantee 
any claim made by the manuzacturer of such product or 
service. 

General requirements for preparation of manuscripts 

The original and two good-quality photocopies of the 
manuscript and three sets of black-and-white glossy prints 
of illustrations are required. See “Color figures” and “Com- 
puter-generated figures” for special requirements. Manu- 
scripts must be submitted in English. 

Manuscripts must be typed double-spaced on one side 
only of 22 x 28 cm (8% X 11 inch) white bond paper with 
l-inch margins at top, bottom, and sides. Number pages 
consecutively in the upper right-hand corner in the follow- 
ing order: title page, condensation, abstract, body of text, 
acknowledgments, references, figure legends, and tables. 

Title page. The title page (page 1) should contain in 
sequence the title (concise and suitable for indexing pur- 
poses); author line with first name, middle initial, and last 
name of each author and each author’s highest academic 
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degree (both MD and PhD are acceptable, but honors de- 
grees are not permitted); city(ies), state(s) in which the 
study was conducted; divisional, ar departmental, and in- 
stitutional affiliations at the time the study was performed; 
source(s) of financial support; presented line, if applicable; 
disclaimers, if any; name, address, business and home tele- 
phone numbers, and fax number of author to whom requests 
for reprints should be addressed (if reprints will not be 
available, it should be so stated); and name, address, busi- 
ness and home telephone numbers, and fax number of au- 
thor responsible for correspondence concerning the manu- 
script if different from author to whom reprint requests are 
addressed. At the bottom of the title page supply a short 
title for the running head not exceeding 52 characters (in- 
cluding word spaces). 

Condensation. On page 2 of the manuscript provide a 
brief, concise condensation, typed double-spaced, that will 
appear with the title in publication of the Contents pages of 
the JOURNAL. It should be a single sentence, limited to a 
maximum of 25 words, delineating the essential point(s) 
made in the manuscript. 

Abstract page including key words/phrases. On 
manuscript page 3, type the abstract, double-spaced, with 
the required margins and headed by the title of the article 
and name(s) of author(s). Below the abstract, list 3 to 5 key 
words or short phrases for indexing purposes. 

A structured abstract is required for certain types of 
articles and a standard abstract format is required for other 
types of articles; therefore the author(s) should select and 
prepare the appropriate abstract to be used in the submitted 
manuscript. This applies to both independently submitted 
and society manuscripts. 

Structured abstract. A structured abstract, limited to 
150 words, is to be used for regular articles and society 
articles; excluded are Clinical Opinion, Current Devel- 
opment, case report, and brief communication articles. 
The structured abstract is to contain the following major 
headings: Objective(s); Study Design; Results; and Con- 
clusion(s}. The Objective(s) reflects the purpose of the 
study, that is, the hypothesis that is being tested. The Study 
Design should include the setting for the study, the sub- 
jects (number and type), the treatment or intervention, and 
the type of statistical analysis. The Results include the 
outcome of the study and statistical significance if appro- 
priate. The Conclusion({s) states the significance of the 
results. 

Standard abstract. The standard abstract format is re- 
quired for Clinical Opinion, Current Development, case 
report, and brief communication articles. The standard ab- 
stracts for Clinical Opinion and Current Development ar- 
ticles are to be 50 to 150 words and standard abstracts for 
case reports and brief communications are limited to 50 
words. Even though the forma! names of these four types of 
articles are not used, an autnor should determine his/her 
type of manuscript and prepare the appropriate standard 
abstract, regardless of whether it is to be submitted inde- 
pendently or as a part of a society’s transactions. 

Text. Do not hesitate to write your manuscript in the first 
person and active voice if they are more appropriate to the 
information you wish to convey. The passive voice is gen- 
erally more effective for describing techniques or observa- 
tions, since the emphasis is on the “action” rather than on 
the person performing the action. 

Only standard abbreviations are to be used. Consult the 


Estimating length of manuscripts 


With the exception of Current Development articles, the length of text material (introduction 
through Comment section) in regular manuscripts accepted for publication normally ranges 
from 750 to 4200 words (an average of 2000 words). A text of 4200 words or more can seldom 
be accepted, especially if tables and figures are included. The average manuscript of 2000 words 
of text with abstract, 3 tables with captions, 2 figures with legends, and references makes a 
5.7-page article in the JOURNAL. The 2000 words of text alone makes approximately 8 pages 
of manuscript typed double-spaced with the required 1-inch margins (approximately 250 words 
per page). A table or figure that occupies both columns of half a JOURNAL page is equivalent 
to approximately 500 words in manuscript. Thus, if a greater number of illustrations and tables 
is used, the length of the text should be adjusted accordingly. 





Council of Biology Editors Style Manual or the AMA’s 
Manual of Style. Abbreviations in the title are not accept- 
able. They should be avoided, if possible, in the abstract. In 
the text they should be kept to a practical minimum. The 
full term for which an abbreviation stands should precede 
its first use in the text unless it is a standard unit of mea- 
surement. 

Either the generic, chemical, or proprietary names of 
drugs may be used. If the generic or chemical name is used, 
authors may, if they desire, insert the proprietary name in 
parentheses after the first mention in the text, with the name 
of the manufacturer and city and state. 

Regular articles are customarily organized into the 
following sections: an introduction and headings that 
identify Material and Methods, Results, and Comment. 
Authors may wish to summarize their findings in a short 
paragraph at the end of the Comment section. This format 
may not be appropriate for some types of articles. 

In the introduction, state concisely the purpose and 
rationale for the study and cite only the most pertinent 
references as background. 

In the Material and Methods section describe briefly 
(but in sufficient detail to permit other workers to repeat the 
study) the plan, the patients, experimental animals or other 
species, material, and controls, the methods and procedures 
utilized, and the statistical method(s) employed. 

In the Results section present the detailed findings. In- 
clude mentions of all tables and/or figures. Figures and 
tables should supplement, not duplicate, the text; presen- 
tation of data in either one or the other will suffice. Em- 
phasize only your important observations; do not compare 
your observations with those of others. Such comparisons 
and comments are reserved for the Comment section. 

In the Comment section state the importance and 
significance of your findings but do not repeat the details 
given in the Results section. Limit your opinions to those 
strictly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 
presented in this section. 

Acknowledgments. Acknowledge only persons who 
have made substantive contributions to the study. 

References. A reasonable number (25) is allowed, ex- 
cept in case reports and brief communications (limited to 2) 
and in manuscripts for the Current Development section 
(for which there is no limit). Number references consecu- 
tively in the order in which they are mentioned in the text. 
Use the format of the “Uniform Requirements for Manu- 
scripts Submitted to Biomedical Journals” (Vancouver 
style) (N Engl J Med 1991;324:424-8). Journal titles 
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should conform to abbreviations used in Cumulated Index 
Medicus. 


Examples (if six or fewer authors, list all; if seven or 
more authors, list three then et al.): 


JOURNAL: Flamm BL, Dunnett C, Fischermann E, Quil- 
ligan EJ. Vaginal delivery following cesarean section: use 
of oxytocin augmentation and epidural anesthesia with 
internal tocodynamic and internal fetal monitoring. AM 
J OBSTET GYNECOL 1984;148:759-63. 


Books: Ledger WJ. Dystocia and prolonged labor. In: 
Wilson JR, Carrington ER, eds. Obstetrics and gynecol- 
ogy. St. Louis: CY Mosby, 1987 vol 8:474-93. 


Personal communications and unpublished data, if 
essential, may be used but not as numbered references. If 
they are used, they are to be referred to, within parenthe- 
ses, at the appropriate location in the text. If used, the 
author(s) must obtain written and signed permission for 
their use from the individual being quoted. This signed 
permission must accompany the manuscript when it is 
submitted to the Editor. Published abstracts can be used as 
numbered references; however, reference to the complete 
published article is preferred. 

Figures. The term figure includes all types of illustra- 
tions such as graphs, diagrams, photographs, flow charts, 
and line drawings. A reasonable number of figures will be 
reproduced without charge, but special arrangements must 
be made with the Editors for color figures at an additional 
charge to the author. The quoted charge is per page of color, 
and as many as eight color figures can be included on one 
page if the color balance is appropriate. 

Figures must be cited consecutively in the text in Arabic 
numerals and identified with a gummed label on the back 
of the figure with author(s) name(s), title of article, figure 
number, and top marked clearly. Consistency in size within 
the article is strongly preferred. Any special instructions 
regarding sizing should be clearly noted. Do not use paper 


‘clips or mar the surface of figures in any way. Figures will 


be returned only on request by the author. 

For black-and-white figures, submit three sets of 3 x 4 
inch (minimum) to 5X7 inch (maximum) unmounted, 
glossy prints. All lettering must be done with commercially 
available paste-on letters (or numbers) or by a professional; 
typed or freehand lettering is not acceptable. All lettering 
must be in proportion to the drawing, graph, or photograph. 
Original drawings, appropriately done in black India ink, 
roentgenograms, and other material must be submitted 
as glossy prints with good black-and-white contrast. 


For color figures submit original transparencies and two 
sets of unmounted prints on glossy (smooth surface) paper. 
Polaroid prints are not acceptable. Color transparencies 
must have a color balance (consistency in lighting and film 
speed) that is acceptable to the author and Editors before 
acceptance for publication. Please note that 35 mm trans- 
parencies are enlarged to twice their original size. If it is 
important to deviate from this standard, please so indicate 
when the material is submitted. The top, first author’s last 
name, and figure number must be indicated on the front of 
each transparency and the back of each print. 

Computer-generated figures must be legible and clearly 
printed in jet black ink on heavy coated paper with either 
a glossy or dull finish. Any patterns or shadings must be 
dark enough for reproduction and must be distinguishable 
from each other. Lines, symbols, and letters should be both 
smooth and complete. The legenc should not appear on the 
figure. On the back of each figure the name of the first 
author and the figure number should be given and the top 
indicated. Three original individual laser or plotter prints 
are to be submitted unmounted with the manuscript. Laser 
prints should be full size at 300 dots per inch (DPI) or 
greater full-page resolution; multiple illustrations on a page 
cannot be accepted. Dot matrix prints and photographic 
halftones are not acceptable. Color figures are acceptable, 
but special arrangements must be made with the Editors. 
The colors used must be dark enough and of sufficient 
contrast for reproduction. With -he exception of fluorescent 
colors, all colors can be reproduced in four-color figures. The 
preparation and submitting of color prints should fol- 
low the preceding guidelines for black-and-white computer- 
generated illustrations. 

Legends to figures. Legends for all figures must be 
typed together in numeric order double-spaced on one sheet 
of paper (or more if necessary) separate from the text of the 
manuscript. This page must be numbered in sequence after 
the references. Titles should be included in the legend, not 
on the print. Original magnifications should be provided. If 
a figure has been taken from copyrighted material, the 
legend must give full credit to the original source. 

Tables. Tables should be typed on separate sheets of 
paper, one table to a page, and included at the end of the 
text. They should be numbered in Roman numerals. Each 
table must be cited in sequence at an appropriate point in 
the text. Titles should be brief yet indicate clearly the pur- 
pose or content of each table, and each column should be 
precisely defined by headings. Abbreviations and special 
designations should be explained in a footnote to the table. 
If a table or any part thereof has been taken from copy- 
righted material, a footnote to the table must give full credit 
to the original source. Arrangements must be made with the 
Editors for elaborate tables because of space limitations. 

Permissions. Direct quotations, tables, or figures that 
have appeared in copyrighted material must be accompa- 
nied by written permission for their use from the copyright 
owner and original author along with complete reference 
information. Photographs of identifiable persons must be 
accompanied by signed releases. If not, all recognizable 
features must be masked. 

Requirements for certain types of manuscripts 

Case reports and brief clinical and basic science 
communications. Limit of 700 words, 2 references. In- 
clude standard abstract format, of 50 words maximum, 3 to 


5 key words/phrases for indexing purposes, and short title. 
If tables and/or figures are used, an equivalent number of 
words must be deducted from the total (see “Estimating 
Length of Manuscript”). | 

Clinical Opinion. Limit of 3000 words. Include stan- 
dard abstract format of 50 to 15G words, 3 to 5 key words/ 


- phrases, and short title. Submit io Dr. Zuspan. 


Current Development. Limi: of 6000 words. Include ' 
standard abstract format of 50 to 150 words, 3 to 5 key 
words/phrases, and short title. Submit to Dr. Zuspan. 

Letters to the Editors. Letters to the Editors must be 
submitted in duplicate, typed double-spaced, and the text of 
the manuscript must be limited to a maximum of 400 words 
(excluding references, name[s] and address[es] of the sign- 
er[s], and the phrase “To the Editors”). The submitted 
Letter to the Editors must be accompanied by a signed 
copyright statement. If there are two or more signers of the 
Letter to the Editors, one of the authors may sign the 
copyright statement but must add to the statement the 
following: “I sign for and accept responsibility for releasing 
this letter on behalf of any and all cosigners.” These re- 
quirements apply to all types of Letters to the Editors. 


. Letters should be sent to Dr. Zuspan. 
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Two types of letters will be considered for publication. (1) 
A Letter to the Editors commenting on an article that has 
appeared in the JOURNAL should be brief and directly re- 
lated to the published article. The editorial staff reserves the 
right to shorten letters if necessary and to make minor 
editorial alterations without reference to the writer. Letters 
may be published together with a reply from the original 
author. If the original author does not respond, a notation 
indicating “Response declined” will be published. As space. 
for letters is limited, only a selection of letters submitted 
may be published. (2) A brief case presentation or a short 
report of a pertinent observation in the form of a Letter to 
the Editors will be considered for publication. 

Announcements. Announcements of major meetings 
and other significant activities must be received at least 8 
weeks before the desired month of publication. All an- 
nouncements carry a charge of $60 U.S., and the fee must 
accompany the request to publish. Information will be lim- 
ited to title of meeting, date, place, and an address to obtain 
further information. Send announcements and payment, 
payable to this JOURNAL, to Kay G. Goehler, Senior Manu- 
script Editor, Journal Editing, Mosby~Year Book, Inc., 
11830 Westline Industrial Drive, St. Louis, MO 63146- 
3318. 

Books. Books received will be listed in the JOURNAL. 
They should be sent to Dr. Zuspan. No books will be re- 
turned. 

Reprints 

The corresponding author will receive a price schedule 
and order form at the time of publication. Reprints in 
quantities must be ordered from the Publisher with the 
author’s consent. 

Business communications 

Communications of a business nature and all advertising 
communications should be addressed to: Journal Publisher, 
Mosby—Year Book, Inc., 11830 Westline Industrial Drive, 
St. Louts, MO 63146-3313, or call Journal Advertising 
Production Manager (1-800-325-4177, ext. 4306, or 314- 
453-4306). 
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CHECKLIST AND COPYRIGHT STATEMENT 


Both the checklist and’ the copyright statement forms must be completed and sent with each 
submitted manuscript. If not completed, these forms w be returned to the author for com- 


pletion. 


These items appear in each monthly issue of the JOURNAL. A photocopy may be used. An 
exposition of the requirements given in the checklist is in the Information for Authors, which 


is published in each issue of the JOURNAL. 


CHECKLIST 


General 

—The original and two copies of the agian are sub- 
mitted. 

—The completed checklist is enclosed. The assignment of 
copyright signed by all anion accompanies the manu- 

. script. 

—Human experimentation has been approved by the loca! 
institution as stated in the Material and Methods section. 

—Guidelines for the care and use of nonhuman animals or 
other species approved by the institution have been fol- 
lowed as indicated in the Material and Methods section. 
The species is named in the title, abstract, key words, and 
Material and Methods section. 

—The covering letter with essential information is with the 

manuscript. 

—All elements of the manuscript. are typed in English dou- 

- _ ble-spaced on bond paper with l-inch margins at top, 
bottom, and sides. 

— All pages are numbered in the following order: title page, 
condensation, structured or standard abstract, body of 
the text, acknowledgments only of persons who have 

. made substantive contributions to the study, references, 
legends, and tables. 

—Signed, written permission from both the copyright 
holder and the original author for the use of tables, fig- 
ures, Or quotations previously published and their com- 
plete references are enclosed with the manuscript. 

—Signed, written permission for the use of quotations of 
‘personal communications and unpublished data has been 
obtained from the person(s) being quoted and is enclosed. 


Authorship 
—In the covering letter that accompanies the submitted 
manuscript I/we have confirmed that all authors fulfilled 
_ both conditions required for authorship. . 


Conflict of interest 

—lIn the covering letter that accompanies the submitted 
manuscript the commercial association of the author or 
of any coauthors that might pose a conflict of interest‘is 
described. 


Previous publications 

— Enclosed with the submitted manuscript are two reprints 
each of articles the author and/or some of the coauthors 

_ have previously published, have submitted for possible 
publication, or have in manuscript form dealing with 
same patients, same animals, same laboratory experi- 
ment, or same data, in part or in full, as those reported 
in the submitted manuscript. Further explanation is pro- 
vided in the covering letter that ae the sub- 
mitted manuscript. 

—Similarities, differences and explanation are provided in 
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the covering letter that accompanies the submitted 
manuscript. 


Reviewers 
——Names and addresses of three suggested reviewers are 
enclosed. 


Title page | 

— These elements are given in the Following sequence, and 
are typed double-spaced. 

— Title. 

—~Author(s) name(s) and highest academic degree(s) are 
shown. 

-——~City(ies), state(s), and country siber than United States 
in which the study was conducted are given. 

—The name(s) of the institution(s) section(s), division(s), 
department(s) in which the study was performed is pro- 
vided and the institutional affiliation(s) of the author(s) 
at the time of the study is indicated. 

—-Acknowledgment of financial support is cited. . 

-—Name, address, business and home telephone numbers, 
and fax number of author to whom requests for reprints 
are to be sent are included. | | 

-—If reprints will not be available, this has been stated on 
the title page. 

-—If the corresponding author is different from the author 
to whom reprint requests are to be sent, his/her name, 
address, business and home telephone numbers, and fax 
number have been added. 

—At the bottom of the page, a running head not exceed- 
ing 52 characters (including word spaces) has been typed. 


Condensation | 

—-On a separate sheet of paper, page 2 of the manuscript, 
a single sentence limited to 25 words ‘delineating the 
essential point(s) is typed double-spaced. 


Abstract and key words or short phrases . 

—The abstract (structured or standard format) is typed 
double-spaced with required margins on page 3 headed 
by the title and author(s) name(s). Beneath the abstract 
3 to 5 key words or short phrases are typed. 

~—A structured abstract, with 150 words or less, is submit- 
ted as required for regular articles and society regular- 
type articles. The abstract contains the four required 
major headings: Objective(s), Study Design, Results, 
and Conclusion(s), each with a brief adequate presen- 
tation. 

—A standard abstract is submitted as required for Clinical 
Opinion and Current Development articles with 50 to 150 
words and for case reports and brief communications 
articles with a maximum of 50 words, be they indepen- 
dent or poIeyy articles. im 


References 

—Are typed double-spaced. 

—Are numbered consecutively in the order they are cited 
in the text. 

—The format of the “Uniform Requirements for Manu- 
scripts Submitted to Biomedical Journals” is used. Ex- 
amples shown in Information fer Authors have been fol- 
lowed. 

—Personal communications and unpublished observations 
are not used as numbered references but are mentioned 
in the text with the written approval of the person being 
quoted. The signed approval is enclosed. 


Figures 

—FEach is numbered with an Arabic numeral and cit2d in 
numeric sequence in the text. 

—Three sets of unmounted glossy prints for black-anda- 
white figures are submitted, properly numbered, labeled, 
and top indicated on the back of each print. 


—Three sets of original computer-generated figures printed 
on heavy coated paper with either a glossy or dull finish, 
unmounted, each one on a page, and properly labeled on 
the back and top indicated are submitted. None are dot 
matrix or photographic prints. 

—Original transparencies of color photographs appropri- 
ately numbered and identified and top indicated are sub- 
mitted along with two sets of unmounted prints on glossy 
paper, numbered and identified on the back. 


Figure legends 

—Are provided for each figure. 

—Are numbered and typed together in numeric order on 
one sheet of paper (more if necessary). The page is num- 
bered in sequence after the References page(s). 


Tables 

—Each table headed by a title and numbered in Ro- 
man numerals is typed double-spaced on a separate page. 

—Tables are cited in numeric sequence in the text. 
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Clinical Articles 


Continuous combined conjugated equine estrogen—progestogen 
therapy: Effects of medroxyprogesterone acetate and 
norethindrone acetate on bleeding patterns and endometrial 


histologic diagnosis 


T.C. Hillard, MD, N.C. Siddle, MD, M.I. Whitehead, MD, D.I. Fraser, MD, and 


J. Pryse-Davies, MD 
London, England 


OBJECTIVES: This study was designed to assess the incidence of amenorrhea with continuous combined 
therapy by using two different progestogens and to determine whether early bleeding predicts subsequent 


bleeding and endometrial response. 


STUDY DESIGN: Seventy-nine postmenopausal women on sequential estrogen-progestogen treatment 
were switched to continuous combined estrogen-progestogen therapy comprising conjugated equine 
estrogens 0.625 mg daily with either norethindrone acetate 0.35 mg twice daily or medroxyprogesterone 
acetate 2.5 mg twice daily added continuously for 78 weeks. All bleeding was recorded, and endometrial 


biopsies were performed at 26 and 78 weeks. 


RESULTS: Only one third of the women who starting the study had amenorrhea by week 78, but 46 (62%) 
of these women had withdrawn, mainly because of chronic irregular bleeding. Endometrial atrophy was 
observed in the majority of biopsy specimens. The two progestogens had similar effects. Bleeding patterns 
were useful predictors of subsequent bleeding, but not of endometrial response. l 
CONCLUSIONS: Persistent irregular bleeding is common with continuous combined estrogen-progestogen 
therapy. Women with persistent early bleeding should probably revert to sequentia! treatment. Regular 
endometrial sampling is advised. (AM J OssTteET Gynecol 1992;167:1-7.) 


Key words: Continuous combined estrogen-progestogen, endometrial bleeding 


Progestogen addition to estrogen replacement ther- 
apy although desirable for endometrial protection," ? 
has certain disadvantages. Progestogens may cause 
physical and psychologic side effects,* partially reverse 
some of the benefictal lipid and lipoprotein effects seen 
with estrogen-only therapy,* *® and with sequential ad- 
dition cause regular uterine bleeding in approximately 
85% of women without hysterectomies.*’ Although the 
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bleeding pattern can predict the endometrial response 
and thereby reduce the need for endometrial biopsy,’ 
the recurrence of withdrawal bleeding is unacceptable 
to some women. 

Continuous combined estrogen-progestogen therapy 
has been proposed to overcome or reduce these prob- 
lems. Progestogens have antimitotic actions on the 
endometrium* °; if given continuously, progestogens 
should induce endometrial atrophy, which, in turn, will 
produce amenorrhea. Furthermore, with continuous 
administration lower daily doses should be effective; 
thus the unwanted physical, psychologic, and metabolic 
effects of progestogens may be reduced. 

The published experience of continuous combined 
estrogen-progestogen therapy is, however, limited." 
Long-term safety data are sparse, and only one report”? 
has provided endometrial data on patients taking con- 


tinuous combined estrogen-progestogen therapy for 


1 
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more than 12 months; 21 patients were studied at 18 
months. 

We have compared the effects of two commonly pre- 
scribed progestogens, norethindrone acetate and me- 
droxyprogesterone acetate, when given as continuous 
combined therapy, on bleeding patterns and endo- 
metrial histologic diagnosis over an 18-month period. 
To clarify the effect of duratior. of therapy on the de 
velopment of amenorrhea we separated our bleeding 
data into two time periods; weeks ] through 25 and 26 
through 78. 


Material and methods 


Seventy-nine postmenopausal women with intact 
uteri attending the Menopause Clinics at King’s College 
Hospital and the Chelsea Hospital for Women were 
recruited and gave informed consent. All were taking 
oral estrogen replacement therapy continuously (every 
day), with a progestogen added for the first 10 to 12 
days of each calendar month. All but one were taking 
conjugated equine estrogens 0.625 mg daily; the ex- 
ception took piperazine estrone sulfate, and she was 
changed to conjugated equine estrogens at the begin- 
ning of continuous combined treatment. Forty-five pa- 
tients were taking norethindrone acetate as their se- 
quential progestogen, 19 medroxyprogesterone ace- 
tate, 11 norgestrel, 3 dydrogesterone, and 1 oral 
progesterone. 

At enrollment all patients were either: postmeno- 
pausal (at least 12 months since their last menstrual 
period) or had been receiving sequential therapy for 
relief of menopausal symptcms for 23 months. The 
majority had undergone endometrial biopsies during 
the previous 2 years. Two biopsy specimens showed 
mild cystic hyperplasia, and one showed secretory ac- 
tivity with an area of cystic change. All others showed 
normal histologic changes consistent with phase of 
treatment. 

After enrollment patients continued with sequential 
estrogen-progestogen therapy for two more cycles for 
collection of baseline physical and psychologic data. All 
patients had regular withdrawal bleeding during these 
cycles. Six days after stopping the sequential proges- 
togen patients started continuous combined estrogen- 
progestogen therapy and were allocated to either con- 
tinuous norethindrone acetate 0.35 mg twice daily 
(morning and evening) or medroxyprogesterone ace- 
tate 2.5 mg twice daily in addition to the daily conju- 
gated equine estrogens 0.625 mg. Continuous com- 
bined estrogen-progestogen therapy was administered 
for 78 weeks and patients were reviewed after approx- 
imately 12, 25, 52, and 7& weeks of continuous com- 
bined estrogen-progestogen therapy. 

The intensity of all bleeding was recorded every day 
on a bleeding chart relative to the normal menstrual 
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loss with a four-point scale; spotting, mild, moderate, 
or heavy. Patients also recorded when tablets were 
taken and noted any event that might provoke bleed- 
ing, such as concurrent antibiotic use. 

Biopsy specimens were obtained either by dilation 
and curettage when the patient was under general an- 
esthesia or by suction curettage (Vabra, Berkeley 
Medevices, Berkeley, Calif.) performed as an out- 
patient procedure. All tissue was placed immediately 
into formol—acetic acid for histologic examination. 
The features assessed were those of the normal men- 
strual cycle. Biopsies were performed after 25 and 78 
weeks of continuous combined estrogen-progestogen 
therapy. 

All treatment-related side effects were recorded. Var- 
ious options to adjust treatment were incorporated into 
the protocol. If menopausal symptoms recurred after 
the patient changed to continuous combined estrogen- 
progestogen therapy, the clinician could increase the 
dose of conjugated equine estrogens. With chronic, ir- 
regular bleeding patients were given three options: (1) 
withdraw, (2) continue with current treatment, or (3) 
increase the dose of either the estrogen or the proges- 
togen. The success of the latter was assessed by review- 
ing the bleeding records for the subsequent 6 weeks. 
If the bleeding was reduced or if amenorrhea devel- 
oped, the change was regarded as successful; if the 
bleeding did not abate, the change was regarded as 
unsuccessful. 

Statistical methods. Comparison of the demographic 


data between the two groups was made with unpaired ` 


Student’s ¢ test. 


Results 


Data from five patients were excluded. Two failed to 
complete the bleeding charts satisfactorily, two missed 
tablets on so many occasions that the bleeding pattern 
could not be interpreted, and one took the incorrect 
dose of medication. Thus analyzable data were available 
from 74 patients, 46 on norethindrone acetate and 28 
on medroxyprogesterone acetate. There were no sig- 
nificant differences between the norethindrone acetate 
and medroxyprogesterone acetate groups for mean age 
(55.1 and 54.9 years, respectively), mean time since 
menopause (73.8 and 71.2 months), and mean weight 
(60.9 and 63.4 kg, respectively). 

Reasons for discontinuation. Seventeen (23%) of the 
74 patients withdrew during the first 25 weeks, and 29 
(39%) withdrew between weeks 26 and 78. Thus 28 
(38%) patients completed the study. The reasons are 
shown in Table I. The most common reason with both 
progestogens over the enure study was chronic bleed- 
ing. It is noteworthy that some of the patients who 
withdrew because of chronic bleeding were not nec- 
essarily those who experienced the longest bleeding. 
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Table I. Patients who withdrew from study according to type of progestogen and time period 


Weeks 1-25 ` 


N orethindrone 
, acetate 
Reason for withdrawal from 


study 
Chronic bleeding 
Side effects of progestogen 3 7 
Miscellaneous 0) 0 
Lost to follow-up 1 2 
TOTAL Il 24 


e ae a e % 
E5* . 14% 


4 
0 
2 
0 
6 


; Weeks 26-78 
Medroxyprogesterone: Norethindrone Medroxyprogesterone 
acetate ` acetate acetate 


0 j e 7 
7 8 17 4 14 
0 2 . 4 ] 4 
2] 19 4) 10 36 


*Includes five patients (three receiving norethindrone acetate and two receiving medroxy progesterone acetate) who also reported 


physical and psychologic progestogen-induced side effects. 


Breast tenderness, fluid retention, and mood changes 
were the most common side effects of progestogen. 

Over the entire study 14 patients withdrew for mis- 
cellaneous reasons; these included mildly elevated 
blood pressure, fibroids requiring hysterectomy, re- 
currence of menopausal symptoms not controlled by 
increasing the dose of conjugated equine estrogens, 
and breast cancer. The remainder of the miscellaneous 
withdrawals were not caused by side effects. Six patients 
violated the protocol, and four patients wanted to stop 
therapy for personal reasons such as anxieties about 
cancer. An additional four patients were lost to 
follow-up. 

Treatment adjustments. Twenty-three patients un- 
derwent a total of 26 treatment adjustments. Five pa- 
tients increased the dose of conjugated equine estro- 
gens for symptom recurrence: this was successful in 
four. Twenty-one adjustments were made for bleeding: 
13 were increases in the dose of conjugated equine 
estrogens, 4 increases in the dose of norethindrone 
acetate (3 to 0.7 mg twice daily, 1 to 1.5 mg twice daily) 
and 4 increases in the dose of medroxyprogesterone 
acetate to 5 mg twice daily. Seven, three, and one of 
these adjustments, respectively, were successful. 

Fight of the patients who completed the study un- 
derwent at least one treatment adjustment; 20 of the 
patients who completed the study took the same med- 
ication throughout the study. 

Percentage of patients with amenorrhea. To assist 
with the expression and comprehension of these data, 
the study has-been divided into 6-week intervals. Any 
bleeding considered attributable to missed tablets or 
concomitant antibiotic administration or that occurred 
within 14 days of an endometrial biopsy was excluded. 

The percentage of patients in the two progestogen 
groups reporting amenorrhea at each 6-week interval 
throughout the study is shown in Fig. 1 and is expressed 


as a percentage of patients remaining in the study and. 


as a percentage of patients who started the study. 
Bleeding episodes. For the two phases of the study 


(weeks 1 through 25 and 26 through 78) the total days 
of bleeding was calculated for each patient. Each day 
on which any bleeding was reported was defined as one 
bleeding episode. 

A total of 1944 days of bleeding was recorded during 
weeks | through 25 and 1091 days during weeks 26 
through 78. Bleeding was scored as moderate or heavy 


on 130 (6.6%) and 59 (5.4%) days, respectively. The 


largest amount of bleeding experienced by any patient 
was 161 days in weeks | through 25 and 127 days in 
weeks 26 through 78. The patterns in the two proges- 
togen groups were similar. (Further data are available 
on request.) ) 

Table II reports the relationship between the total 
duration of bleeding experienced during the first 25 
weeks and that reported between weeks 26 through 78, 
The 17 patients who withdrew during the first 25 weeks 


are not included; one patient who withdrew at the be- 


ginning of week 26 has also been excluded. 

Endometrial histologic diagnosis. Biopsies were 
performed on 51 of the 57 patients who completed the 
first 25 weeks and on 17 of the 28 patients who com- 
pleted week 78. The results for the two progestogens 
are shown in Table III. No hyperplasia or carcinoma 
was observed in any sample (including those in which 
the tissue was too scant for reliable interpretation). In 
spite of thorough curettage, a sample inadequate for 
reliable ‘interpretation or “no tissue” was obtained on 
54 occasions. 

Six patients completed week 25 but did not have a 
biopsy performed; three patients declined biopsies and 
withdrew from the study because of chronic bleeding. 
Two refused biopsy but wished to continue in the study; 
one of these subsequently underwent a biopsy proce- . 
dure at week 78. Outpatient curettage was not possible 
in one patient at week 25 because of cervical stenosis; 
she declined dilation and curettage. 

Mild cystic hyperplasia had been diagnosed in three 
patients at biopsy before continuous combined estro- 
gen-progestogen therapy; at week 25 late secretory en- 
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Time (weeks of treatment) 


Fig. 1. Percentage of women on a regimen of norethindrone acetate and medroxyprogesterone 
acetate with amenorrhea by 6-week treatment intervals shown as a percentage of patients remaining 


in the study (A— — A, norethindrone acetate; o——o, medroxyprogesterone acetate) at each time 
point and as a percentage of patients who started the study (A----A, norethindrone acetate; 
O----0, medroxyprogesterone acetate). 


Table II. Duration of bleeding reported 
during weeks | through 25 and subsequent 
bleeding experienced in weeks 26 to 78 






Weeks 26-78 








Weeks 1-25 Duration of bleeding (days) 


Duration of 
bleeding 


Amenorrhea 10 10 0 0 0 
1-9 17 13 2 2 0 
10-59 21 3 8 7 3 
>60 8 ) 2 2 4 


Data for norethindrone acetate and medroxyprogesterone 
acetate groups are combined. Only includes patients who com- 
pleted 26 weeks (17 withdrew in weeks 1 through 25; 1 with- 
crew in week 26). 


dometrium was diagnosed tn one of these patients and 
atrophic endometrium was diagnosed in another. The 
‘third patient withdrew at 12 weeks because of proges- 
togen-induced side effects. 

Eleven patients declined the second biopsy. Between 
weeks 26 and 78, 8 had had amenorrhea, 1 had spotted 
for 7 days, and 2 had experienced prolonged bleeding 
(68 and 118 days). 

Relationships between endometrial histologic di- 


agnosis and duration of bleeding. Because norethin- 
drone acetate and medroxyprogesterone acetate pro- 
duced similar histologic results for the two phases of 
treatment (Table ITI), the data for the two progestogens 
have been combined. In Table IV the histologic results 
are presented relative to the number of days of bleeding 
experienced during the first 25 weeks and between 
weeks 26 and 78. The seccnd number is an identical 
expression of the histologic results but related to the 
total number of days of bleeding recorded during the 
6-week interval immediately before the biopsy. 


Comment 


Only 28 patients completed the study; these numbers 
were too small for statistical comparisons between the 
norethindrone acetate and medroxyprogesterone ac- 
etate groups. Although four patients were lost to fol- 
low-up and 10 of the 14 miscellaneous withdrawals 
were not caused by side effects (Table I), 32 (43%) 
patients discontinued the study because of problems 
with treatment. This contrasts with our recent studies 
of sequential regimens, also of 18 months’ duration," 
in which only 15% of women receiving oral and 3% 
receiving transdermal sequential therapies discontin- 
ued treatment because of side effects. 

The most common problem was chronic irregular 
bleeding (Table I). Although the majority of the bleed- 
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Table IMI. Histologic features according to type of progestogen and time of biopsy 


Norethindrone 


acetate 
(wk 25) 





Treatment regimen (phase) 


Medroxyprogesterone Norethindrone Medroxyprogesterone 
acetate acetate acelale 
(wk 78) 





Proliferative 2 6.5 0 0 0 0 0 0 
Secretory 5 16 j 5 l l1 Q 0 
Atrophic 2 6.5 2 10 0 0 il 12.5 
Inadequate sample—no tissue 22 71 17 85 8 89 7 87.5 
TOTAL 31 20 9 8 
Table IV. Relationship between endometrial histologic diagnosis at weeks 25 and 78 and bleeding pattern 
between weeks | through 25 and 26 through 78, respectively. 
No. of samples showing histologic diagnosis 
Inadequate sample—no 
tissue Atrophic Secretory Proliferative 
Total during Total during Total during Total during 
Duration of 6 wk before 6 wk before 6 wk before 6 wh before 
bleeding biopsy biopsy biopsy biopsy 
Weeks 1-25 
Amenorrhea 8 30 l 3 l 3 0 0 
1-9 13 7 I 0 2 2 l ] 
10-59 16 2 2 I ł I 0 I 
=60 2 0 0 0 2 0 l 0 
Weeks 26-78 
Amenorrhea 5 10 0 l ] l 0 0 
1-9 4 4 l 0 0 a) 0 0 
10-59 4 ] 0 0 0 C 0 0 
=60 2 0 0 0 0 0 0 0 


ing was spotting or light, it could be very prolonged. 
Four patients with bleeding for >60 days in either time 
period completed the study, but we doubt whether 
such perseverance will occur in a routine clinical en- 
vironment. 

Various strategies for reducing the incidence of 
bleeding have been proposed. Because norethindrone 
acetate and medroxyprogesterone acetate are rap- 
idly cleared from plasma, we administered these pro- 
gestogens twice daily to try to provide more constant 
plasma levels. Our results show that this is not more 
successful than once daily administration. Staland,” 
Mattson et al.” and Hargrove et al.’® all reported in- 
creased incidence of bleeding among perimenopausal 
women. Only five of our women were within 12 months 
of their last menstrual period; the mean duration since 
menopause was approximately 6 years. However, like 
93% of those in the study of Magos et al, all our 
patients had received sequential therapy before com- 
mencing continuous combined estrogen-progestogen 
therapy. Magos et al. reported dropout rates of be- 
tween 20% and 49%, depending on the estrogen 
dose; these rates are comparable with those reported 


here but are higher than those 0% to 33% rates re- 
ported with 9 to 12 months of continuous combined 
estrogen-progestogen therapy in women previously un- 
treated for at least 4 weeks.*?! 

Various explanations for the higher rates of discon- 
tinuation have been observed by Magos et al.” and us. 
Sequential therapy may have a carryover effect that 
increases the frequency and duration of irregular 
bleeding after the change to continuous combined es- 
trogen-progestogen therapy. However, if this carry- 
over effect is the mechanism, it is difficult to understand 
biologically why it should be so prolonged. Between 
weeks 26 and 78, chronic irregular bleeding occurred 


- not infrequently and resulted in eight withdrawals 


(Table I). Alternatively, patients well established on se- 
quential therapy who experience regular withdrawal 
bleeding may be less prepared than previously un- 
treated women to have chronic, irregular bleeding. 
Additionally, continuous as compared with sequential 
administration of the progestogen can cause adverse 
symptomatic and psychologic changes (Table I), and 
four patients suffered recurrences of their original 
symptoms with continuous combined estrogen-proges- 
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togen therapy, probably because of progestogenic an- 
tagonism of estrogen benefits. 
The last alternative is that various authors have ex- 


pressed their results differently. Although there is . 


agreement that the percentage of patients with amen- 
orrhea increases over time (Fig. 1) we believe that be- 
cause of the high proportion of dropouts resulting 
from chronic bleeding, data on the incidence of amen- 
orrhea should be displayed not only relative to the 
numbers of patients remaining in the study but also 
relative to the numbers starting the study. In this study 
persistent amenorrhea was eventually achieved by only 
approximately one third of patients (Fig. 1) who started 
continuous combined estrogen-progestogen therapy. 

None of our attempts to reduce bleeding were uni- 
formly successful, and these results add to the already- 
confusing literature on the optimal strategy for patients 
with chronic bleeding. Some authors have reported bet- 
ter results with higher progestogen doses,’ '’ but others 
have reported the converse.” 

There was no evidence of endometrial disease in this 
study. The majority of biopsies at both time periods 
resulted in “no tissue,” a sample too small for reliable 
assessment or endometrial atrophy (Table IH). Endo- 
metrial histologic diagnosis could not be predicted re- 
liably from the bleeding pattern, although complete 
amenorrhea was only associated with endometrial atro- 
phy or with secretory endometrium (Table IV). 

We regard proliferative endometrium with contin- 
uous combined estrogen-progestogen therapy as indi- 
cating a lack of progestational effect. Over a long term 
this might increase the risk of endometrial carcinoma. 
This individual variation in response to the added pro- 
gestogen, with some patients exhibiting a good effect 
(i.e., atrophy) but others none, is well recognized with 
sequential therapies.” Proliferative endometrium was 
diagnosed twice at the week 25 biopsy. One patient had 
experienced only I day of spotting up to week 25 and 
thereafter had amenorrhea. The second patient dis- 
continued treatment at week 61, having bled 282 
days. 

Our data suggest that whereas amenorrhea indicates 
progestational activity within the endometrium, dura- 
tions of bleeding of | day can be associated with lack 
of endometrial response to the administered proges- 
togen. We leave the reader to draw the conclusions 
about the need for biopsy in patients with minimal 
bleeding. 

Women who have amenorrhea from the outset are 
likely to continue to have it, and the majority of those 
with bleeding for <10 days during the first 25 weeks 
of therapy will also have amenorrhea as the duration 
of treatment is extended. In those whose bleeding is of 
moderate duration (10 to 59 days) during the first 25 
weeks, it is more difficult to predict future bleeding, 
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which can be variable (Table I1). Conversely, in those 
with chronic bleeding during the first 25 weeks it is- 
likely to continue and amenorrhea is unlikely. These 
women may be best advised to switch to sequential 
therapy. 


We thank Mrs. Angela Shert for her help in pre- 
paring this manuscript. 
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Macrosomia in postdates pregnancies: The accuracy of routine 


ultrasonographic screening 


Raphael N. Pollack, MDCM, Gittit Hauer-Pollack, MSc, and Michael Y. Divon, MD 


Bronx, New York 


_ OBJECTIVE: The purpose of this study was to assess the efficacy of routine ultrasonographic assessment 


of fetal weight in predicting fetal macrosomia in postdates pregnancies. 

STUDY DESIGN: A total of 519 pregnancies of =41 weeks’ duration were subjected to ultrasonographic 
estimation of fetal weight within 1 week of delivery. Estimated fetal weights were compared ‘with birth 
weights. Linear regression analysis was performed and prediction limits for estimated fetal weights were 


generated. 


RESULTS: Twenty-three percent of infants had birth weights 24000 gm and 4% had birth weights =4500 
gm. The mean percent absolute error was 7.7%. At a birth weight of >3750 gm, the Hadlock model (which 
uses abdominal circumference and femur length) systematically overestimated the birth weight. The 
sensitivity, specificity, and positive and negative predictive values for the ultrasonographic diagnosis of 
macrosomia were 56%, 91%, 64%, and 87%, respectively. The prediction limits generated determine the 


range of birth weights predicted for a given estimated fetal weight. 


CONCLUSION: Routine ultrasonographic screening for macrosomia in postdates pregnancies is 
associated with a relatively low positive predictive value. (Am J Osstet GYNECOL 1992;167:7-11.) 


Key words: Postdates pregnancies, fetal macrosomia, ultrasonographic prediction of fetal 


- weight 


Fetal macrosomia is a condition that may be associ- 
ated with significant obstetric morbidity. The macro- 
somic fetus is at elevated risk for birth asphyxia and 
birth trauma; the mother carrying a fetus with macro- 
somia may be at increased risk of both operative de- 
livery and postpartum hemorrhage.'* Factors that 
predict fetal macrosomia include maternal weight gain 
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of >20 kg, maternal obesity, diabetes, and antecedent 
pregnancies that have been delivered =7 days post 
term.'? 

Postterm pregnancies have traditionally been consid- 
ered to be at elevated risk of adverse outcome and have 
therefore been subjected to fetal surveillance. Approx- 
imately one fifth of all pregnancies continue beyond 4] 
weeks’ gestation,” and postdate pregnancies represent 
a significant proportion of patients undergoing fetal 
surveillance.© These surveillance programs have fo- 
cused on the detection of fetal hypoxia associated with 
uteroplacental insufficiency.’ To this end fetal heart 
rate monitoring, biophysical profile, and assessment of 
amniotic fluid volume have been used. The presence 
of fetal macrosomia, however, with its attendant risk to 
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Fig. 1. Correlation of birth weight and estimated fetal weight. 


mother and fetus, has not been sought on a routine 
basis. 

Chervenak et al.? have recently proposed that ultra- 
sonographic estimation of fetal weight may be useful 
in identifying macrosomic fetuses and should be in- 
corporated into the surveillance of the postterm. fetus. 
The identification of the macrosomic fetus may provide 
the clinician with important information that may alter 
the delivery management. The purpose of our study 
was to prospectively evaluate the accuracy of ultrason- 
ographic fetal weight estimation in a population at el- 
evated risk for fetal macrosomia, namely patients with 
postterm pregnancies. We also proposed to develop 
prediction limits to assist in the clinical interpretation 
of ultrasonographic fetal weight estimations. 


Material and methods 


Between January 1989 and September 199° all pa- 
tients seen for fetal surveillance because of prolonged 
pregnancy at the Weiler Hospital of the Albert Einstein 
College of Medicine underwent ultrasonographic es- 
timation of fetal weight, assessment of amniotic fluid 
volume, and nonstress testing. A total of 519 patients 
were delivered within 1 week of fetal weight estimation. 
These patients formed the study group. Only patients 
with singleton, uncomplicated pregnancies of >41 
weeks’ gestation were included in the study. Gestational 
age was based on the last menstrual period and early 
ultrasonographic examination when availabie. Gesta- 
tional age was based on ultrasonographic examination 
only when there was a discrepancy of >10 days between 


menstrual dates and ultrasonographic dates during the 
first trimester of pregnancy. After the initial visit all 
patients were evaluated semiweekly. 

Ultrasonographic examination was performed with 
a real-time scanner (Aloka 550, Corometrics, Walling- 
ford, Conn.) with a 3.5 mHz linear array probe. Mea- 
surements of biparietal diameter, abdominal circum- 
ference, and femur length were performed with stan- 
dard techniques.” The estimated fetal weight based on 
abdominal circumference and femur length was de- 
rived from the tables of Hadlock et al.'° Actual birth 
weights were then compared with estimated fetal 
weight. Percentage differences between estimated fetal 
weight and actual birth weight were calculated for each 
patient. The sensitivity, specificity, and positive and 
negative predictive values of an estimated fetal weight 
of =4000 gm to predict a birth weight of =4000 gm 
were determined. Regression analysis of birth weight 
on estimated fetal weight end calculation of 70th, 80th, 
90th, and 95th percentile prediction limits were cal- 
culated with statistical software (GBSTAT 2.0, Dynamic 
Microsystems, Silver Spring, Md.) (see Appendix). 


Results 


Five hundred nineteen patients referred for ante- 
natal surveillance because of postdates pregnancy were 
delivered within 1 week of ultrasonographic estimation 
of fetal weight. The mean estimated fetal weight was 
3640 + 461 gm (mean +SD). One hundred three 
(19.9%) fetuses were estimated to weigh 24000 gm; 24 
(4.6%) were estimated tc weigh =4500 gm. The mean 
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Table I. Prediction limits for ultrasonographic estimates of fetal weight 
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Percentile 
Estimated fetal weight Predicted birth weight 
3500 3578 3174-3982 3081-4075 2939-4217 2817-4340 
3750 3741 3337-4145 3244-4238 3102-4380 2980-4502 
4000 3903 3499-4308 3406-4402 3265-4543 3142-4665 
4250 4066 3661-4471 3568-4564 3426-4706 3303-4829 
4500 4229 3823-4634 3730-4728 3588-4870 3465-4993 
4750 4391 3985-4798 3891-4891 3748-5034 3626-5157 
5000 4554 4147-496] 4053-5055 3910-5198 3786-5322 


birth weight of these infants was 3670 + 446 gm (mean 
+SD). One hundred nineteen (22.9%) infants weighed 
24000 gm and 21 (4.1%) weighed 24500 gm. 

The mean absolute error of the ultrasonographic es- 
timated fetal weight, defined as the absolute value of 
birth weight — estimated fetal weight, was 279 gm, and 
the mean percent absolute error, defined as |birth 
weight — estimated fetal weight/birth weight] x 100, 
was 7.6% + 6.8% (mean +SD). Of weight estimates, 
41.6% were within 5% of the actual birth weight, 72.5% 
were within 10%, and 89.4% were within 15%. The 
sensitivity, specificity, and positive and negative pre- 
dictive values of an estimated fetal weight =4000 gm 
in predicting macrosomia (i.e., birth weight =4000 gm) 
were 56%, 91%, 64%, and 87%, respectively. When the 
estimated fetal weight used to predict macrosomia was 
increased to 24500 gm, the sensitivity, specificity, and 
positive and negative predictive values were 15%, 99%, 
81%, and 80%, respectively. 

These data describe the accuracy of ultrasonographic 
estimation of fetal weight when applied to our study 
population. To assess the accuracy of the ultrasono- 
graphic prediction of macrosomia when applied to an 
individual patient, prediction limits were generated. A 
regression of birth weight and estimated fetal weight 
with the associated 80th, 90th, and 95th percentile pre- 
diction limits is shown in Fig. 1. This regression is de- 
scribed by the following equation: Y = 1302.062 + 
(0.6504) X, where Y = birth weight and X = estimated 
fetal weight. The correlation coefficient of this equation 
is 0.6731, and the relationship is significant (p = 
0.0001). 

With this regression line the birth weight associated 
with a given estimated fetal weight can be predicted. 
The predicted birth weight and the 70th, 80th, 90th, 
and 95th percentile prediction limits associated with a 
given estimated fetal weight are shown in Table I. In 
infants whose birth weight exceeded approximately 
3750 gm the Hadlock model, which uses abdominal 
circumference and femur length to estimate fetal 
weight, systematically overestimated the actual birth 


weight. The prediction limits show that for a given 
estimated fetal weight a range of predicted birth 
weights may be derived. The width of this range is 
dependent upon the level of confidence placed in the 
prediction. Thus the range of the 95th percentile pre- 
diction limit is substantially greater than that of the 70th 
percentile prediction limit. Table I indicates that the 
predicted birth weight associated with an estimated fe- 
tal weight of 4560 gm was 4229 gm. This estimated 
fetal weight was associated with a predicted birth weight 
ranging from 3823 to 4634 gm 70% of the time. Sim- 
ilarly, 95% of the time the same estimated fetal weight 
was associated with a predicted birth weight ranging 
from 3465 to 4993 gm. 


Comment 


Although the increased morbidity and mortality as- 
sociated with postdate pregnancy has long been ap- 
preciated, only recently has the contribution of macro- 
somia to these adverse outcomes been understood.’ 
Boyd et al.' noted that the incidence of fetal macro- 
somia increases with increasing gestational age. These 
results have been confirmed by Arias,? who suggested 
that ultrasonographic assessment of fetal weight be in- 
corporated into the surveillance of postdates pregnan- 
cies. Chervenak et al. have shown that the presence of 
fetal macrosomia increases with increasing gestational 
age and that this may be associated with a significant 
increase in cesarean sections performed for labor dis- 
orders. Those authors have focused attention on the 
fact that postponing delivery in postdates pregnancies 
may ultimately increase the incidence of fetal macro- 
somia, thereby increasing the rate of operative delivery. 

The implementation of a screening program for fetal 
macrosomia is predicated on two assumptions. First, it 
must be assumed that the techniques used in screening 
can accurately predict fetal macrosomia. Second, im- 
plementation of a screening program presupposes that 
the accurate prediction of macrosomia mandates a well- 
defined plan of management. Our study examines the 
validity of the first assumption. Although clinical esti- 
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mation of fetal weight and measurement of symphy- 
seal-fundal height have long been used to diagnose fetal 
macrosomia, the accuracy of these techniques is lim- 


ited.'°!? Ultrasonographic estirnation of fetal weight . 
with the formula of Hadlock et al.’° has been shown tot: 


be the most effective formula when used in late preg- 
nancy.” This formula is also particularly well suited for 
use in the postdates pregnancy because it makes use of 
abdominal circumference and femur length. We have 
previously shown that because of the position of the 
fetal head, the biparietal diameter may not be measur- 
able in as many as one fifth of postdates patients sub- 
jected to ultrasonographic examination.’ Although the 
formula of Hadlock et al.'° may be superior to other 
formulas, our data show it too can be associated with 
a significant overestimation. The mean percent abso- 
lute error observed with this formula was 7.7%. We 
have observed that only 56% of fetuses with macro- 
somia were identified as such cn the basis of the ultra- 
sonographic weight estimation. When a fetus was di- 
agnosed as having macrosomia on the basis of an ul- 
trasonogram, the birth weight was found to be >4000 
gm in only 64% of cases. 

The inherent inaccuracies of the ultrasonographic 
techniques used to diagnose fetal macrosomia have 
placed the clinician in a most unenviable position. In 
the presence of an ultrasonographic diagnosis of ma- 
crosomia the clinician may opt for a trial of labor with 
its attendant risk of labor abnormalities and birth 
trauma. Alternately, an abdominal delivery with its at- 
tendant morbidity can be chosen as long as it is appre- 
ciated a priori that in 36% of cases the antenatal di- 
agnosis of macrosomia will not be substantiated. 

An informed clinical interpretation of an estimated 
fetal weight must integrate a variety of parameters, 
including the sensitivity, specificity, and positive and 
negative predictive value of tke test in predicting fetal 
macrosomia. This interpretation must also reflect that 
as the estimated fetal weight increases, so does the like- 
lihood that a birth weight of >4000 gm will be observed. 
The range of birth weights predicted for a given esti- 
mated fetal weight is an additional parameter of clinical 
relevance. This range is referred to as the prediction 
limit. For a given estimated fetal weight a 90th percen- 
tile prediction limit provides tne range of birth weights 
observed 90% of the time. The prediction limits shown 
in Table I represent a clinically useful method of re- 
lating ultrasonographic estimated fetal weights to ex- 
pected birth weights. This table indicates that to be 
70% ‘confident that a predicted birth weight will be 
>4000 gm, an estimated fetal weight of approximately 
4750 gm is required. Of the five hundred nineteen 
patients studied, only 1% had an estimated fetal weight 
of >4750 gm. | 

In conclusion, we have demonstrated that prospec- 
tive ultrasonographic screenirg in a patient population 
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at elevated risk of macrosomia is associated with a 
rather low positive predictive value. Therefore imple- 
mentation of such screening is of limited use. Further 
improvements in the techniques used to predict fetal 
macrosomia must occur before the introduction of such 
screening programs. 
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Appendix 
Calculation of prediction limits. The (1 — a) per- 
cent prediction interval for an individual predicted 


birth weight based on an estimated fetal weight is de- 
fined by: 


a 
Ya +1 = by ~ 2,a/2 
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where Ÿ, , is the predicted birth weight and X, 4, is 
the corresponding estimated fetal weight. 
Se an estimate of the SD of the birth weights about 


the regression line, is equal to: 


=(¥, — Ý)? 
ne 2 
The X; and X represent the estimated fetal weights 
and average estimated fetal weights, respectively, for 


our sample size ». t, — », a2 18 the Student é distribution 
value with (n — 2) degrees of freedom.” 





The clinical diagnosis of asphyxia responsible for brain 


damage in the human fetus 


James A. Low, MD, Lynn L. Simpson, MD, and David A. Ramsey, MB, ChB 


Kingston, Ontario, Canada 


OBJECTIVE: Our objective was to review the clinical findings in infants who died in the perinatal period 


with brain damage attributable to asphyxia. 


STUDY DESIGN: The neuropathologic findings in 208 perinatal deaths have been reviewed. Thirty cases 
(22 fetal, eight newborn) had evidence of white matter or neuronal necrosis due to asphyxia. The clinical 
course of the pregnancy in 22 cases with brain damage attributable to fetal asphyxia-‘were examined. 
RESULTS: The diagnosis of asphyxia was confounded by several factors: (1) asphyxia may occur at any 
time in the last half of pregnancy, (2) 50% of the antepartum asphyxia occurred when the pregnancy had 
no risk factors, (3) periodic fetal assessment in the complicated preterm pregnancies failed to identify the 
asphyxial episodes in the remaining cases of antepartum asphyxia, and (4) indicators of fetal asphyxia in 
the cases of intrapartum fetal asphyxia were obtained after the central nervous system injury had 


occurred. 


CONCLUSION: These findings highlight the difficulty in the diagnosis of fetal asphyxia at a stage that 
could permit intervention to prevent brain damage. (Am J Osstet GYNECOL 1992;167:11-5.) 


Studies in the monkey and lamb have demonstrated 
that fetal asphyxia can cause central nervous system 
injury and corresponding motor and cognitive deficits 
in surviving animals.'* However, there is no consensus 
as to how much of the burden of neurologic handicap 
in the community can be attributed to perinatal as- 
phyxia in humans.’ Much of this continuing dilemma 
is due to the absence of a specific diagnostic marker 
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for fetal asphyxia: this absence hampers a reliable in- 
terpretation of the data derived from epidemiologic 
studies. 

The introduction of risk scoring and the assessment 
of fetal behavior has improved the identification of the 
fetus at risk for asphyxia, although blood gas and acid- 
base assessment of fetal blood can provide a specific 
diagnosis in some cases. However, in spite of these de- 
velopments, there is no evidence that these clinical and 
technologic improvements have led to a decrease in the 
incidence of cerebral palsy.*’ 

An accurate description of the neuropathology that 
is responsible for motor and cognitive deficits in chil- 
dren is an important step in our progress to the un- 
derstanding and prevention of cerebral palsy and men- 
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Table I. Criteria for defining interval between 
asphyxial insult and neuropathclogic condition 
observed at death 


Time | Pathologte criteria 


18to48 hr Neuronal necrosis 
Immature neurons: Nuclear pyknosis 
and karyorrhexis 
Mature neurons: Nuclear pyknosis 
and cytoplasmic eosinophilia 

Appearance of write matter macro- 
phages or microglia 

Appearance of reactive astrocytes in 
white matter 

>4 hr Macroscopic cavitation 


<72 hr 
>72 hr 


tal retardation. Although the neuropathologic abnor- 
malities associated with these disasters in children and 
young adults have been well described, it has been vir- 
tually impossible to confidently attribute the structural 
changes in the brain to events that may have occurred 
during the perinatal period, many years before the 
death of the patient. What has been missing are studies 
that attempt to correlate clinical abnormalities that are 
cbserved in the fetus and newborn infant with the neu- 
ropathologic abnormalities in zhose who die. Such a 
study would give some idea of the incidence of these 
severe insults and would allow markers of asphyxia to 
be identified. 

To examine these questions we have reviewed the 
clinical findings in a series of infants who died in the 
perinatal period and in whom brain damage attribut- 
able to asphyxia had occurred. Preliminary data from 
this study have been used to establish the timing of 
sublethal asphyxial insults accounting for the brain 
damage in the fetus and newborn.’ The information 
presented in the current report represents an expan- 
sion of these studies and is particularly concerned with 
an analysis of the clinical data that might allow the 
clinician to identify those asphyxial insults that are 
likely to lead to perinatal brain damage. 


Methods 


This was a retrospective clinicopathologic study of 
208 perinatal deaths between 1976 and 1989 in whom 
a satisfactory neuropathologic examination was per- 
formed. The identification of asphyxia was based on 
the neuropathologic features cnaracteristic of the effect 
of this insult on the central nervous system. There was 
evidence of neuronal or white matter necrosis in 30 
cases (14%). 

A chart review was carried out. The maternal, ob- 
stetric, fetal, labor, delivery, and newborn complications 
in each case were recorded. Particular attention was 
paid to the timing of the onset of labor and delivery. 
Fetal assessments performed in the antepartum period, 
during labor, and at delivery were reviewed in detail. 

Criteria have been established that indicate the ap- 
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proximate time of the asphyxial insult based on the 
neuropathologic changes in the central nervous system 
at the time of death.® Infants who die during or im- 
mediately after an asphyxial insult have structurally 
normal brains because changes have not had time to 
occur; survival for =18 hours is required before his- 
tologic changes become apparent. Table I summarizes 
these changes, which follow a sequence starting with 
neuronal necrosis at 18 hours and progressing through 
microglial and astrocytic activation to the formation of 
white matter cavities at approximately 96 hours after 
the asphyxial insult. 

The neuropathologist (D.A.R.) had no knowledge of 
the clinical data during the assessment of the neuro- 
pathology. An estimated interval between the initial as- 
phyxial insult and the neuropathologic condition pres- 
ent at the time of death was determined on the basis 
of the criteria listed in Table I. Consequently, the time 
at which the asphyxial insult occurred could be placed 
in one of the antepartum, intrapartum, or newborn 
periods. Subsequently, the clinical events that occurred 
before and at the predicted time of brain damage were 
then examined. 


Results 


The initial asphyxial insult that led to brain damage 
was estimated to have occurred in the antepartum pe- 
riod in 17 cases, in the intrapartum period in five cases, 
and in the newborn period in eight cases. This report 
examines the 22 cases of fetal asphyxia. Although the 
neuropathologic criteria do not indicate the time of the 
asphyxia] insult precisely, it was estimated that the an- 
tepartum asphyxial insult occurred >48 hours before 
the onset of labor in three term and eight preterm 
pregnancies and between 12 and 24 hours before the 
onset of labor in six preterm pregnancies. Intrapartum 
fetal asphyxia was estimated to have occurred in two 
term and three preterm pregnancies. , 

Table IH summarizes the data concerning the timing 
of the asphyxial insult and the duration of the clinical _ 
complications for eight cases from the antepartum as- 
phyxia group in whom the initial asphyxial insult ap- 
pears to have occurred when the pregnancy was clin- 
ically normal. The asphyxial episode occurred >3 days 
before the onset of labor in three term pregnancies 
with no clinical risk factors. In three preterm pregnan- 
cies the asphyxial episode preceded an antepartum 
hemorrhage due to premature placental separation by 
several hours to several days. The asphyxial episode 
preceded preterm labor in two pregnancies by 12 hours 
and 7 days. 

Table HI summarizes the data for nine preterm preg- 
nancies in whom the antepartum asphyxial insult ap- 
peared to have occurred during a clinically complicated 
pregnancy. The pregnancy complications in each case 
included one or more maternal, obstetric, or fetal com- 
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Table II. Antepartum asphyxia group in whom initial asphyxial insult preceded clinical indicators of 
pregnancy complications 





Clinical problem 


Perinatal death 


Complication 


Time of asphyxia 
before death 


“wre 


Baby B (41 wk, 3600 gm) Stillbirth 72 hr — None 

Baby C (40 wk, 3100 gm) Sullbirth >4 days — None 

Baby V (40 wk, 2680 gm) Sullbirth >4 days — None 

Baby R (34 wk, 2250 gm) Stillbirth 72 hr 9 hr Antepartum hemorrhage, 
premature placental 
separation 

Baby S (30 wk, 1160 gm) Neonatal death at 4 hr <48 hr 3 hr Anterpartum hemor- 
rhage, premature pla- 
cental separation 

Baby H (29 wk, 1640 gm) Neonatal death at 2 hr >72 hr 15 hr Antepartum hemorrhage, 
premature placental 
separation 

Baby G (26 wk, 1020 gm) Neonatal death at 47 hr >4 days 10 hr Preterm labor 

Baby T (25 wk, 640 gm) Neonatal death at 7 hr <48 hr 12 hr Preterm labor 


Table III. Group with antepartum asphyxia in whom asphyxial insult occurred in a 
complicated pregnancy 










Perinatal death 


Baby F (33 wk, 2690 gm) Sullbirth 

Baby H (twin B) (32 wk, 1070 gm) Stillbirth 

Baby B (33 wk, 980 gm) Neonatal death 
at 10 hr 

Baby R (twin A) (29 wk, 3600 gm) Neonatal death 
at 1 hr 

Baby R (twin B) (29 wk, 940 gm) Neonatal death 
at 72 hr 

Baby B (twin A) (28 wk, 620 gm) Neonatal death 
at 50 hr 

Baby B (twin B} (28 wk, 580 gm) Neonatal death 
at 7 hr 

Baby A (27 wk, 1260 gm) Neonatal death 
at 72 hr 

Baby P (25 wk, 560 gm) Neonatal death 
at l hr 


Time of asphyxia 
before death 







Clinical problem 






Fetal 
< 48 hr 16 days Maternal pancreatitis FHR 
<72 hr 21 days PIH, IUGR FHR, BPP 
<72 hr 28 days PIH., IUGR NST, BPP 
>72 hr 28 days Hvdramnios, nonimmune NST, BPP 
hydrops 
>72 hr 28 days IUGR NST, BPP 
>72 hr l4 days IUGR FHR 
<72 hr l4 days JUGR FHR 
>72 hr 24 hr Antepartum hemorrhage FHR 
<48 hr 6 wk Antepartum hemorrhage FHR 


FHR, Fetal heart rate auscultation; BPP, biophysical profile; PIH, pregnancy-induced hypertension; /UGR, intrauterine growth 


retardation. 


plications. A conservative management program was in 
effect in each case to achieve improved fetal maturity 
for periods up to 6 weeks before either spontaneous 
or elective preterm delivery. Fetal surveillance during 
this period included intermittent fetal heart rate aus- 
cultation in five cases and serial biophysical profile and 
nonstress tests (NST) in four cases. No distinctive ab- 
normality of fetal behaviour was observed at the esti- 
mated time of the sublethal asphyxial insult. An ab- 
normal biophysical profile reported in two cases was 
recorded after the estimated time of the asphyxial insult 
and central nervous system injury. This sequence is 
exemplified by the following case. 

A 28-year-old obstetric patient, gravida 1, para 0, was 
admitted to the hospital at 28 weeks’ gestation because 


of moderate preeclampsia. An ultrasonographic diag- 
nosis of growth retardation was made at 30 weeks. At 
32 weeks an ultrasonographic examination reaffirmed 
the diagnosis of growth retardation with decreased am- 
niotic fluid volume. Neuropathologic studies at post- 
mortem examination indicated that the asphyxial insult 
occurred at this time, i.e., 72 hours before delivery. 
However, serial NSTs continued to be reactive. A non- 
reactive NST and an abnormal biophysical profile were 
first observed on the day of delivery, leading to emer- 
gency cesarean section. The 980 gm newborn had a 
significant metabolic acidosis, pH 7.02 and buffer base 
29 mmol/L, and died 19 hours after delivery. 

Table IV summarizes the data for five pregnancies 
in which the asphyxial insult was estimated to have 
occurred during the intrapartum period. The two term 
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Table IV. Asphyxia group in which estimated time of asphyxial insult was during intrapartum period 














Intrapartum assessment 


Umbilical arterial blood 









, gas 
Duration of Buffer base 
labor (hr) Perinaial death Fetal héart rate pH _ (mmol/L) 
Baby F (41 wk, 3350 gm) 3 Neonatal death at Bradycardia NA 
l i 72 hr’ ' 
Baby J (41 wk, 3350 gm) yh an LD Neonatal death at Bradycardia NA 
- 72 hr 
Baby J (36 wk, 2540 gm) 7 Neonatal death at $ Variability 6.95 27 
14 hr Deceleration 
Baby V (30 wk, 1500 gm) 6 Neonatal death at Deceleration 6.64 <10 
, 21 hr 
Baby L (27 wk, 700 gm) | 5 Neonatal death at Deceleration 7.07 29 
. , 1] days 


NA, Not available. 


pregnancies had been uneventful. However, during la-. 


bor one patient had meconium in the amniotic fluid, 


' and the.second patient had a prolapsed cord with a’ 


breech presentation. Complications in the preterm 
pregnancies included antepartum hemorr hage i in two 
cases and pregnancy-induced hypertension in one case. 
All cases had evidence of clirical fetal distress as ex- 
pressed by fetal bradycardia, decreased baseline heart 
rate variability, or decelerations during the latter part 
- of labor. Fetal asphyxia was confirmed in three cases 
with blood gas and acid-base measurement at delivery. 
The Apgar scores in these cases were ] and ] minute 
and | to 4 at 5 minutes. 


Comment 


The fetus in each of these 22 pregnancies had ex- 
perienced, sometime before birth, a “sublethal”. as- 
phyxial insult of sufficient severity to cause brain dam- 
age but not of such severity to lead to the immediate 
death of the fetus. The prevalence of “sublethal” as- 


phyxial episodes is not known, but the incidence of `, 


neuropathologic abnormalities in this series of perinatal 
deaths (14%) provides an estimate of the frequency of 
such asphyxial episodes. Wigglesworth’® in a recent 
study of neuropathologic findings in mature stillbirths 
has reported an incidence of damage to gray matter in 
33% of normally formed third trimester stillbirths. It 
is apparent from current imaging of parenchymal le- 
sions in the newborn, that similar episodes may occur 
-in the fetus, and that these abnormalities may account 
for motor and cognitive deficits in the surviving 
children."* ” 

Moderate to severe periven tricular leukomalacia was 
observed in 14 of the 22 cases of fetal asphyxia. All 
cases had some degree of neuronal necrosis in the ce- 
rebral cortex, basal ganglia, thalamus, or brain stem. 


These findings are in keeping with previous descrip- 
tions in the literature.’*'® 

Such asphyxial insults may occur at any time: dirig 
the last half of pregnancy or during the course of labor. 
Antepartum insults, occurring from 12 hours to 7 days 
before the onset of labor, accounted for 75% of the 
cases of fetal asphyxia. The stress of labor with intra- 
partum fetal asphyxia of sufficient severity to cause 
neuropathologic abnormalities occurred in 25% of the 
subjects studied. l 

These findings indicate that the clinician must antic- 


-ipate asphyxial insults at any time during the last half 


of pregnancy before or during labor. This study clearly 
demonstrates that identification of impending fetal as- 


. phyxia and thus timely intervention is hampered by the 


frequent covert onset of asphyxia and the limitations 
of current methods of fetal assessment. Thus eight 
cases of antepartum asphyxia occurred when there 
were no apparent indicators that the fetus was at risk. 
Of these, three episodes occurred in uncomplicated 
term pregnancies and five episodes occurred in pre- 
term pregnancies before the appearance of clinical ev- 
idence in either antepartum hemorrhage or preterm 
labor. | 

The NST and the biophysical profile are widely ac- 
knowledged measures of fetal well-being. However, 
these noninvasive measurements are intermittent and, 
in the preterm pregnancy before 28 weeks, they are 
difficult to interpret. Approximately half of the ante- 
partum asphyxial insults reported in this study oc- 
curred in complicated. preterm pregnancies during 
conservative management programs to improve fetal 
maturity. The clinical observations at the histologically 
estimated time of the asphyxial insult did not suggest 
a compromised fetus. The abnormal NST and bio- 
physical profile recorded in two cases were obtained 
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after the asphyxial insult and central nervous system 
injury had occurred. 


Intrapartum fetal assessment cannot begin until the 


patient is admitted to the hospital, and certain criteria 
are met to justify such surveillance. Thus assessment 
does not begin with the onset of labor in most cases 
and may only be available for the latter part of labor 
in some cases. Intrapartum continuous fetal heart rate 
monitoring provides predictive criteria for fetal as- 
phyxia, although the diagnosis can be confirmed by 
means of a blood gas and acid-base assessment of fetal 
blood during labor or at delivery. Such observations 
were obtained in the five cases in the intrapartum as- 
phyxia group. However, it is likely the sublethal as- 
phyxial insult accounting for the brain damage began 
before the onset of these observations of clinical fetal 
distress during labor and the blood gas measures at 
delivery. 

These findings highlight some of the problems for 
the clinician in the diagnosis of fetal asphyxia at a 
stage that would permit intervention to prevent the 
neuropathologic conditions responsible for deficits in 
children. 
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Simplified Gram stain interpretive method for diagnosis of 


bacterial vaginosis 


Jessica L. Thomason, MD, Robert J. Anderson, PhD,” Sheldon M. Gelbart, PhD, 
Peter J. Osypowski, MT(ASCP),* Nancy J. Scaglione, OGNP,* Gamal El Tabbakh, MD,’ and 


Janine A. James, MD" 


Milwaukee, Wisconsin, and Chicago, Illinois 


OBJECTIVE: Two methods which only consider bacterial morphotypes and require counting various types 
of bacteria, for interpreting Gram stains of vaginal secretions for the purpose of diagnosing bacterial 
vaginosis were previously described. A new interpretative method, which combines clue cells with bacterial 


morphotypes as diagnostic markers, is offered. 


STUDY DESIGN: One hundred twenty patients were tested with the new interpretative method and clinical 


criteria of bacterial vaginosis as the reference standard. 


RESULTS: The new method was found comparable to older methods when all were compared with 
clinical diagncstic methods. The sensitivity of the clue cell method was 86.1% and the specificity was 
92.8%. The predictive value of a positive test was 83.7% for a population with a prevalence of bacterial 


vaginosis of 20%. The negative predictive value was 94.0%. 


CONCLUSION: If ciue cells are present and the noniactobacilli morphotypes exceed lactobacilli 
morphotypes, bacteria! vaginosis can be diagnosed without the need for exact bacterial counts. (Am J 


OBsTET GYNECOL 1992:167:16-9.) 
Key words: Bacterial vaginosis, Gram stain, diagnosis 


Bacterial vaginosis is the syndrome thought to be the 
most prevalent cause of vaginitis.’ Several clinical di- 
agnostic criteria, Gram stain methods, and biochemical 
markers have been developed to aid in diagnosis.” 
Gram stain of vaginal secretions is a relatively rapid, 
objective, and inexpensive method for diagnosing bac- 
terial vaginosis by identifying the characteristic change 
in the vaginal flora.’ It offers the advantage of allowing 
retrospective diagnosis. The normal vaginal flora con- 
sists Of a wide variety of bacteria with lactobacilli as a 
major constituent. In bacterial vaginosis ‘there is a 
greater than 400-fold increase in anaerobic flora with 
a diminished proportion of lactobacilli.* On Gram stain 
large gram-positive lactobacilli morphotypes are easily 
distinguishable from gram-negative organisms, cocci, 
Gardnerella,.and other anzerobic bacterial morpho- 
types.” However, the change in proportion of lactoba- 
cilli appears to be an early stage in the development of 
bacterial vaginosis, as evinced by the low specificity of 
this single observation in wet mount preparations when 
compared with clinical diagnostic criteria for bacterial 
vaginosis.* In contrast, clue cells, vaginal epithelial cells 
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that are so covered by attached bacteria that the cell 
borders become obscured, have been shown to be ex- 
tremely specific for bacterial vaginosis defined by clin- 
ical criteria.?* 

Existing Gram stain interpretive methods focus only 
on quantification of bacterial morphotypes.** However, 
clue cells can also be identified on Gram stains. The 
purpose of this study was to examine a Gram stain 
interpretive method involving mere observation of clue 
cells coupled to identification of predominant mor- 
photype. This new interpretive method was compared 
with both preexisting methods, Spiegel et al.’ and Nu- 
gent et al.® The clue cell method obviates the need for 
exact counts of various morphotypes and, because of 
the size of lactobacilli and clue cells, can be read at a 
magnification of x 400. 


Methods 

Gram stains were made from the vaginal secretions 
of 120 consecutive patienis previously tested for and 
found not to have chlamydia (chlamydiazyme, Abbott 


- Laboratories, Abbott Park, IL.) or gonorrhea (culture, 


Thayer-Martin Agar, Becton Dickinson, Cockeysville, 
Md.) attending the Adolescent Pregnancy Program at 
Sinai Samaritan Medical Genter. The mean age of these 
120 patients was 16.1 + 2.4 years, and the mean weeks 
of gestation was 19.1 + 3.8. All teens were pregnant 
and enrolled at their initial obstetric appointment after 
informed consent was cbtained. One slide was pre- 
pared for each patient. Commercial Gram stain re- 
agents (Difco, Detroit) were used as instructed by the 
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manufacturer. Each slide was interpreted by the same 
individual (P.J.O.) with three different Gram stain cri- 
teria.” The criteria of Spiegel etal.* are described in 
Table I. Shdes were read on a Microstar IV binocular 
microscope (Reichert, Cambridge Instruments Inc., 
Buffalo, N.Y.). A technician was selected to interpret 
the Gram stains, because this would most likely be the 
situation in a clinical laboratory setting and this is the 
group that the test is designed for. The criterion of 
Nugent et al.’ is described in Table II. For the clue cell 
method, slides were read at a magnification of x 400 
with a thin film of oil and a coverslip used to protect 
the objective lens. No exact enumeration was made. 
Bacteria in each field were evaluated simply as to 
whether lactobacilli morphotypes exceeded other mor- 


photypes, and presence of clue cells was noted. Patients. 


were considered to have bacterial vaginosis by the clue 
cell method of interpretation if nonlactobacilli_ mor- 
photypes exceeded lactobacilli in the majority of fields 
examined and if clue cells were seen in at least two of 
20 fields. Vaginal epithelial cells covered with lactoba- 
cili were not considered clue cells. Cell edges had to 
be completely covered with bacteria to be called clue 
cells. Both conditions, presence of clue cells and pre- 
dominance of nonlactobacilli, had to be observed for 
the Gram stain to be interpreted as bacterial vaginosis. 

Patients were also evaluated for bacterial vaginosis 
by their examining physician (J.L.T., G.E.T., or J.A.J.) 
with the clinical diagnostic criteria proposed by Amsel 
et al.’ Patients were considered clinically to have bac- 
terial vaginosis if three of the following four charac- 
teristics were observed: clue cells in wet mount prep- 
arations of vaginal secretions, fishlike amine odor upon 
alkalinization of vaginal secretions with 10% potassium 
hydroxide, vaginal pH >4.5, and presence of homo- 
geneous discharge that adhered to the walls of the vag- 
inal introitus. The individual who was interpreting 
Gram stains (P.J.0.) was blinded from the clinical di- 
agnosis. Corrected x’ statistics were used to compare 
the different interpretive methods. 


Results 


Thirty-six patients were found to have bacterial 
vaginosis by Amsel’s clinical criteria. These patients 
were used as our reference standard as “true” positives. 
Comparison of Gram stain interpretative criteria to this 
reference standard is shown in Table III. Thirty-nine 
patients had bacterial vaginosis by Spiegel et al.'s Gram 
stain interpretive criteria, only 30 of which were true 
positive. The Nugent et al. Gram stain interpretive cri- 
teria identified 34 patients as having bacterial vaginosis, 
but only 31 were true positive. The clue cell Gram stain 
interpretive criteria identified 37 patients as having bac- 
terial vaginosis, but only 31 were true positive. All 30 
true-positive results by Spiegel et al. were also positive 
by Nugent et al. and clue cell interpretive criteria. In 
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Table I. Spiegel et al.* Gram 
stain interpretation 


Morphotypes per field * | Evaluation 


ae | 1+ 
l-5 2+ 
6-30 3+ 
>30 4+ 


The following morphotypes were counted individually: 
large gram-positive rods were considered Lactobacillus mor- 
photypes, short gram-variable rods were Gardnerella morpho- 
types, and cocci, curved rods, and fusiforms were other mor- 
photypes. The patient was diagnosed as having bacterial 
vaginosis if Lactobacillus morphotypes were <2 +, Gardnerella 
morphotypes were 4+, and at least one other morphotype 
was present. 


*Average number of morphotypes per oil immersion field 
(original magnification, X 1000). Twenty fields were counted. 


Table II. Nugent et al. Gram 
stain interpretation 


. Score Lactobacillus Gardnerella Mobiluncus 


0 4+ 0 0 
1 IF Fr 1-24 
2 2+ 2+ 3-4 + 
3 Ft 3+ 

4 0 4+ 


For the Nugent et al. method, exact morphotype counts 
were made as for the Spiegel et al. method at a magnification 
x 1000 but an additional morphotype, crescent rods (Mobi- 
luncus morphotypes), was used in place of “other morpho- 
types.” A score was given to each evaluation. The patient was 
diagnosed as having bacterial vaginosis if the score for all three 
morphotypes was >6. 


addition, both Nugent et al. and clue cell methods iden- 
tified one additional true positive. The Nugent method 
had the least number of false-positive results. 

Five patients having bacterial vaginosis by Amsel clin- 
ical criteria were falsely negative by all three Gram stain 
interpretive methods. The slides all showed approxi- 
mately equal numbers of lactobacilli and other mor- 
photypes, with two of the five (40%) showing clue cells. 
They were all considered intermediate, i.e., point value 
4 to 7, by the criteria of Nugent et al. Neither Spiegel 
et al.’s nor clue cell methods of interpretation have an 
intermediate classification. 

The sensitivities, specificities, and positive and neg- 
ative predictive values with the clinical criteria of Amsel 
et al. as the reference standard are shown in Table III. 
There were no statistically significant differences be- 
tween any of the three interpretative methods. 


Comment 


Comparing the three Gram stain interpretation 
methods to Amsel et al.'s clinical criteria shows that they 
all give comparable results. Simply screening the Gram 
stains for predominance of lactobacilli and absence of 
clue cells or for predominance of nonlactobacilli mor- 
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Table IYI. Evaluation of three Gram stain interpretive methods to diagnose bacterial vaginosis* (N = 120) 








True 
positive | negative 





M éthod 


Sensitivity 


Faise 
negative | positive 


Sample Sample Sample 
estimate (%) | SE (%) | estimate (Jo) | SE (%) | estimate (%) | SE (%) 
6.7 











~ Positive predictive | Negative predictive 
Specificity value value 
Sample 
estimate (%) | SE (%) 





Spiegel etal. 30 75 6 9 83.3 89.2 3.4 76.9 | 92.5 2.9 
Nugent etal. 31 8l 5 3 86.1 96.4 2.0 91.2. 4.9 94.2 2.5 
Clue cell 3i 78 5 6 86.1 


*T hirty-six women clinically diagnosed with bacterial vaginosis. 


photypes and presence of clue cells is much easier than 
the more exact interpretive criteria outlined by Spiegel 
et al. and more recently by Nugent et al.*° The sen- 
sitivities of all methods are virtually identical. The Nu- 
gent method is probably more specific. Failure to dem- 
onstrate significance between the difference in speci- 
ficities may have been due to small sample size. 
However, it is questionable whether the small increased 
specificity justifies the additional requirement to read 
slides at a magnification of x 1000 and to enumerate 
morphotypes. The finding that the Spiegel interpretive 
method had a specificity of 85% and sensitivity of 89% 
when compared with Amsel criteria is +4% of the val- 
“ues reported by Eschenbach et al. The clue cell method 
described should be more easily standardized for prac- 
titioners and laboratory personnel. Clinically, this 
method accounts for the fact that it is simplier to dif- 
ferentiate lactobacilli morphotypes from other types of 
bacteria. In addition, this simplified method does not 
require the examiner of the slide to spend large 
amounts of time to singularly count each various bac- 
terial type involved with this syndrome as is described 
by other methodologies.” 

Photomicrographs of Gram stains are not included 
because excellent photomicrographs showing clue cells 
and the change in bacterial flora seen in bacterial 
vaginosis have been published by both Spiegel et al. 
and Nugent et al.** Both groups failed to consider clue 
cells in their ‘interpretive criteria. Dunkelberg® de- 
scribed a method to diagnose bacterial vaginosis (he 
called it “Hemophilus vaginalis vaginitis”) on the basis of 
clue cells “with an overlay of large numbers of small 
gram negative bacilli and equally dense bacterial pop- 
ulation adjacent to the ep:thelial cells in gram-stained 
smears.” His recommendation was not followed. His 
description was vague and not easily interpretable. The 
present report clearly defines exactly what the observer 
is to look for. 

The recommended number of clue cells required to 
make the diagnosis of bacterial vaginosis is controver- 
sial. Eschenbach et al.* recommends that greater than 
20% of epithelial cells must be clue cells. They claim 
that with this criterion 19% of patients that meet the 
Amsel clinical criteria do not have clue cells. However, 
if any well defined clue cell is used as the criterion, only 
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1% of patients that meet the Amsel criteria cannot be 
shown to have clue cells.* But both of these reports 
were based on wet mount observations of clue cells, not 
Gram stains. The specific reconmendation of two fields 
with any clue cell worked well in this study. Whether 
this is the optimal number remains to be determined. 

Early researchers claimed that clue cells did not cor- 
relate with bacterial vaginosis, basing this claim on suc- 
cessful culture of the organısm now known as Gard- 
nerella as their reference standard.” It has become well 
established that culture for Gardnerella does not cor- 
relate with clinical diagnosis of bacterial vaginosis.’ Pa- 
tients that have Gardnerella in their vaginal flora do not 
necessarily have bacterial vaginosis even when the or- 
ganism is present in high numbers.** 

In contrast, clue cells have been shown to be highly 
sensitive and specific for bacterial vaginosis when clin- 
ical diagnostic criteria are used as the reference stan- 
dard.* Including clue cells in the interpretive criteria 
obviates the need for enumeration of morphotypes, 
making the interpretation easier. This should allow 
greater interlaboratory reproducibility. The clue cell 
Gram stain interpretive criteria contains no interme- 
diate grouping as is the case with the Nugent method 
because the significance af this group of patients is 
unknown. ) 

The clue cell method offers a major advantage over 
other Gram stain interpretative methods for bacterial 
vaginosis. With this method a magnification x 400 fa- 
cilitates the scanning of more fields of a patient’s slide. 
Twenty fields at X 400 allows the examiner to view the 
entire area under the coverslip, which in turn allows 
the examiner to view a larger sample of the specimen, 
leaving less chance for error in making a diagnosis. 
Finally, this methodology takes much less overall labor 
time when compared to the other methods discussed, 
whether a clinician or laboratory personnel is involved. 
With less time used per patient specimen, larger num- 
bers of women could be effectively screened, thereby 
promoting overall better patient care. 
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OBJECTIVE: This article proposes ethically justified clinical guidelines for amy planning interventions to 


prevent pregnancy in female patients. 


STUDY DESIGN: We reviewed literature on family planning and consequences cf prognana in PAVENS 
with chronic mental illness and related that literature to ethical principles. i 
RESULTS: Patients with chronic mental illness are ethically unique because they have chronically and 
variably impaired autonomy. Existing guidelines and proposals for family planning interventions for 


mentally retarded patients are shown not to apply to such patients. 


CONCLUSION: Three sets of guidelines for three groups of patients, representing the continuum of 
chronically and variably impaired autonomy, are proposed: (1) a set of guidelines for patients who can 
achieve thresholds of autonomy, (2) a set of guidelines for patients irreversibly near thresholds of 
autonomy, and (8) a set of guidelines for patients irreversibly below thresholds of autonomy. These 
guidelines should contribute significantly to the quality of.obstetric and gynecologic care for female patients 


with chronic mental iliness. (Am J OssteT GyNecoL 1992;167:19-25.) 
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Family planning interventions to prevent pregnancy 
in female patients with chronic mental illness pose 
unique ethical challenges. to the obstetrician and gy- 
necologist. Respect for the patient’s autonomy, a.central 
ethical principle, is especially difficult to implement in 


_ the clinical setting of chronic mental illness. Whereas 
‘the definition of chronic mental illness is still evolving, 
established criteria include the diagnosis of a major 
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mental disorder such as schizophrenia, major affective 
disorder, or personality disorder; disabilities in socal, 
physical, or employment-related areas; and a pro- 
longed duration (usually =2 years) of treatment and 
illness.’ Patients with chronic mental illness differ from 
the mentally retarded in a manner that ethics is 
uniquely qualified to identify and assess. Hence, exist- 
ing guidelines and previous wor on the ethics of farnily 
planning for mentally retarded patients are not con- 
ceptually adequate for patients with chronic mentai ill- 
ness. Guidelines of The American College of Okste- 
tricians and Gynecologists for mentally handicapped 
patients? appear to treat informed consent issues in 
terms of a dichotomy between those capable of consent 
and those not capable of consent. Patients with chronic 
mental illness often fall between the extremes of this 
dichotomy and thus must be treated as an ethically and 
clinically distinct group. 

To this end, we introduce and develop the concept 
of chronically and variably impaired autonomy as 
uniquely characterizing most patients with chronic 
mental illness. On the basis of this concept we present 
ethically justified, clinically applicable guidelines for 
family planning interventions for patients with chronic 
mental illness. These clinical guidelines include respect 
for the autonomy of these patients and attempts to 
restore autonomy when it is chronically and vanably 
impaired. Women with chronic mental illness are at risk 
for not receiving adequate family planning and other 
obstetric and gynecologic services. Adopting the pro- 
posed guidelines may help tc improve the quality of 
obstetric and gynecologic care of these women. 


Clinical considerations 


Chronic mental illness. Up to 2.4 million people are 
seen in community mental health clinics? wkereas 
schizophrenia itself has a lifetime prevalence of about 
1%.* Many of these patients are homeless and recidi- 
vistic, and their mental disability may limit their ability 
to seek local, state, or federal assistance such as housing, 
food stamps. rehabilitation, or protective services.° 
These patients also often have unrecognized physical 
ülness,®” and the course of illness may be complicated 
by substance abuse, including alcohol abuse, more fre- 
quently than chance would predict.* ° They may pre- 
sent to family planning clinics or gynecologic offices 
when brought by family members or referred by psy- 
chiatrists tor contraception. Alternatively, patients may 


~+.. be referred when already hospitalized for an unrelated 


1 
+ 


“dey problem, or contraceptive issues may be identified 


ve When the patient presents for management of preg- 


- 


nancy. | 

Although a heterogeneous population, patierts with 
schizophrenia may suffer from delusions, prominent 
hallucinations, or incoherence.” Alternatively, patients 
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with bipolar mood disorder who are in a manic state 
demonstrate flight of ideas, grandiose and overgener- 
alized thinking, and easy distractibility.’ Patients’ ability 
to process information may also be limited by cognitive 
and attentional deficits.” Moreover, cognitive impair- 
ment, poor judgment, affective instability, and impul- 
sivity are likely to result in behaviors that include unsafe 
sexual practices and intravenous drug use.’ Thus pa- 
tients with chronic mental illness are at risk for human 
immunodeficiency virus infection’? and other sexually 
transmitted diseases, as well as for unwanted pregnan- 
cies. They are also unlikely to comply with a rec- 
ommendation of abstinence as a family planning 
strategy. 

Maternal risks. Psychosis itself may directly affect 
maternal health when patients act on delusions or on 
auditory hallucinations.'” * Patients with chronic men- 
tal illness have also been found to be significantly less 
likely to have attended prenatal clinic appointments.” 
Psychotic denial of pregnancy, although a rare phe- 
nomenon, may relate to a failure to obtain prenatal 
care, as well as to postpartum emotional disturbance in 
the mother and precipitate or unassisted delivery.” For 
all pregnant women there is a small added risk of first 
admission for psychosis durirg pregnancy and within 
3 months post partum.”! A history of psychosis might 
therefore predispose to mental health complications for 
women during pregnancy.” ™ 

Fetal risks. Factors that may negatively influence 
pregnancy outcomes among this population include the 
possible effect of psychiatric medication and illicit drug 
use on the fetus.” Results have been mixed, however, 
regarding the relationship between mental illness and 
obstetric outcome. In two controlled studies no rela- 
tionship was found.?” ** On the other hand, one pro- 
spective study found an increased incidence of fetal and 
neonatal deaths among offspring of schizophrenics 
when compared with a closely matched control group.” 
In another controlled study, prematurity, lower birth 
weight, and lower apgar scores were found to relate to 
the severity and chronicity of mental illness.” Outcome 
can be improved, however, by close prenatal observa- 
tion, including psychiatric hospitalization, which allows 
for appropriate obstetric intervention.” 

Risks to possible future children. Possible future 
children may be at increased risk for a variety of chronic 
mental illnesses.” In schizophrenia, for example, the 
risk that a child of a schizophrenic parent will have 
schizophrenia has been shown to be increased. This 
increased risk is multifactorial and genetic, and envi- 
ronmental influences may account for it.” Children 
of the chronically mentally ill are frequently not raised 
by their mothers, which would expose such children 
to the effects of early separation from an original par- 
ent. Little is known about whether childbearing pro- 
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tects the health of mentally ill women or predisposes 
them to mental illness.***° 


Decision-making about health care by the 
chronically mentally ill 


The psychiatric impairments of these patients imply 
that they can and do experience difficulty in making 
decisions about their health care, including family plan- 
ning interventions to prevent pregnancy. Decision- 
making about health care can be understood to involve 
the following process on the part of the patient, a pro- 
cess in which each step presumes successful completion 
of its predecessors: 

1. The patient attends to the information disclosed 

to him or her by the physician. 

2. The patient absorbs, retains, and recalls the in- 
formation disclosed. 

3. The patient appreciates that this information has 
significance in the patient’s life and the lives of 
others (e.g., parents, spouse, partner, the fetus 
being taken to term, or future child). This re- 
quires that the patient understands that decisions 
about health care have consequences for the fu- 
ture and reasons well enough to connect present 
decisions with future possible consequences. This 
can be called cognitive understanding“ and requires 
some nominally intact cognitive abilities. 

4. The patient evaluates those consequences on the 
basis of her values and beliefs. This can be called 
evaluative understanding*” and requires some nom- 
inally integrated sense of oneself. 

5, The patient at some meaningful level expresses 
or communicates both cognitive and evaluative 
understanding. 

6. The patient should be able at some meaningful 
level to express or communicate a decision based 
on such understanding. 

This account differs from the usual account of the in- 
formed consent process, which is typically understood 
to involve disclosure of an adequate amount of infor- 
mation to the patient, understanding of that infor- 
mation by the patient (step 3), and a voluntary decision 
by the patient (step 6). Appelbaum and Grisso,*' for 
example, identify four steps: “communicating choices,” 
which blends without distinguishing steps 5 and 6; “un 
derstanding relevant information,” which presupposes 
step 2 and is similar to step 3; “appreciating the situ- 
ation and its consequences,” which is also similar to step 
3; and “manipulating information rationally,” which is 
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Steps l'and 2 are included because patients with a 
history of chronic mental illness may have problems 
during the disclosure of information. These problems 
can result from factors such as attentional deficits that 
are associated with the patient’s illness (e.g., auditory 
hallucinations or paranoia that may distract the patient 
from attending to, absorbing, recalling, or retaining 
what is disclosed). 

Steps 3 and 4 are included to identify two related but 
distinct aspects of understanding. This distinction is 
important for informed consent involving patients with 
chronic mental illness because such illness can affect 
cognitive and evaluative understanding independently 
and in different ways. Cognitive understanding can be 
adversely affected by cognitive deficits. These tend to 
involve processing information (step 3) more than 
memory (step 2). For example, difficulties with step 3 
may arise when patients use the mechanism of denial 
excessively in relation to their likelihood to engage in 
sexual intercourse.” Evaluative understanding can also 
be adversely affected. A patient’s values and the ability 
to base decisions on them can be disrupted by paranoid 
or grandiose ideas, delusions, or affective disturbances 
such as significant depression. For example, patients 
may have a psychotic paranoia about oral contracep- 
tives. Patients may also evaluate their ability to be ad- 
equate parents in an unrealistically positive way.*?™ 

Steps 5 and 6 are included because chronic mental 
illness frequently involves disrupted ability to express 
or communicate cognitive or evaluative understanding. 
This disruption can result from incoherence, circum- 
stantiality, tangentiality, and loose associations. 


Chronically and variably impaired autonomy 


The obstetric, pediatric, and psychiatric outcomes 
described include the possibility of significant obstetric 
and mental health complications, possible adverse con- 
sequences in child development, and potential adverse 
consequences for patients with chronic mental illness 
and their partners. The decision-making process for 
these patients includes many factors that can impair or 
disrupt that process. It is a natural tendency for phy- 
sicians, given these circumstances, to approach the fam- 
ily planning interventions for chronically mentally il, 
fertile, sexually active female patients in a “paternal- 
istic” fashion. By “paternalistic” we mean that the phy- 
sician is inclined to strongly influence or even take over 
the patient’s autonomous decision-making process to 
avoid significant adverse consequences. 


as 


similar to step 4. Their approach does not clearly dis- 
tinguish cognitive from evaluative understanding and 
ignores altogether step 1, a crucial consideration in the 
care of patients with chronic mental illness. We will 
comment on each of these six steps in some greater 
detail. 


T 
Recall that autonomous decision-making mayga tes) a 
fully be conceptualized in terms of the six-step detisiojrz N Z 
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making process described. In discussing those si cS ‘PS, ‘& ee 
we noted that for patients with chronic e “3, 
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mental illness. In addition, this impairment may vary 
for each of the steps to differing degrees, including 
differing degrees over time in the same patient. We 
term this clinical ethical phenomenon chronically and 
variably impaired autonomy. 


This phenomenon uniquely applies to the patient 


with chronic mental illness. In-particular, it does not 


apply to severely and profoundly mentally retarded 


patients. This is because their loss of autonomy is nearly 
complete and does not vary. Nor does chronically and 
variably impaired autonomy apply to mildly and mod- 
erately mentally retarded patients, because they can 
participate in the consent process. This dichotomy is 
reflected in the guidelines of The American College of 
Obstetricians and Gynecologists.* ‘The autonomy of pa- 
_ tients with chronic mental illness typically falls along a 
continuum between those two extremes and thus must 
be treated separately. 

Put another way, a chronically mentally ill patient 
may at any one time be above a threshold for one ca- 
pacity (e.g., to attend to what is being said or cognitive 
understanding), while being below a threshold for an- 
other capacity (e.g., evaluative understanding or com- 
municating a decision based on cognitive and evaluative 
understanding). That patient’s decisions are indeed 
substantially autonomous,” but only in some respects 
and not in others, with variation over time. | 

We share the usual presumption, in ethics and law, 
` that the patient possesses adequate decision-making ca- 
pacity.** This capacity may seem, at first, to be called 
into question by the chronically and variably impaired 
autonomy. However, the variability of chronically and 
variably impaired autonomy calls into question both 
that the capacity to make decisions.is always absent for 
such patients and that attempts at informed consent 
` can be justifiably omitted. This helps to illuminate fur- 
ther the unique character of chronically and variably 
impaired autonomy, and one of its important impli- 
cations-—these patients should not be judged uniformly 
to be without decision-making capacity. 

Another implication of chronically and variably im- 
paired autonomy is that strategiés of “weak paternal- 
ism” cannot be invoked either. Weak paternalism in- 
volves an intervention taken to benefit a patient who 
has fallen below the threshold of autonomous decision- 
making. Weak paternalism, however, cannot meaning- 
fully be invoked on the basis fcr intervening in such a 
patient’s decision-making, because there is some sub- 
stantial, if variable, autonomy that will be seriously vi- 
olated in the process. Nor can strong paternalism—the 
violation of the patient’s autonomy for his or her 
good—be justified for the same reason: There is some 
substantial, if variable, autonomy that will be seriously 
violated in the process. Some third ethically justified 
response is called for, and we turn now to the task of 
identifying such a response. >, z ' 
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Ethically justified guidelines 


Chronically and variably impaired autonomy, then, 
means that there are always some one or more aspects 
of impaired autonomy in patients with chronic mental 
illness. It is important to recognize that the variable 
aspects of impaired autonomy may be responsive to 
ameliorative interventions, because this clinical reality 
serves as the basis for a series of ethically justified guide- 
lines for family planning interventions to prevent preg- 
nancy in female chronically mentally ill patients. These 
guidelines thus go beyond the recent guidelines of The 
American College of Obstetricians and Gynecologists? 
and the literature on mentally retarded patients,” 
which do not take account of the phenomenon of 
chronically and variably impaired autonomy. 


A set of guidelines for patients who can achieve 
thresholds of autonomy 


- The first-line response should therefore be to treat 
chronically and variably impaired autonomy, with the 
aim of restoring all aspects of impaired autonomous 
decision-making to a degree at or above a nominal 
threshold. Each of these aspécts, described in the six 
steps listed, has its own threshold. These thresholds are 
patient and decision specific. Substantially autonomous 
decision-making occurs when the patient can exercise | 
all of the capacities at or above their thresholds with 
respect to the decision at hand (e.g., to use contracep- 
tive barriers). 

In some cases patients with chronic mental illness will 
meet or exceed all of these thresholds. Since clinical 
judgment about such matters concerns the patient’s 
mental illness and its effects on decision-making ca- 
pacity, the involvement of a psychiatrist in implement- 
ing the guidelines we propose may be very helpful. 
Securing such involvement in most hospital settings 
should not be difficult, inasmuch as consultation- 
liaison psychiatric services are generally available. In 
other settings, especially family planning centers, ap- 
propriate liaison should be established with psychia- 
tric centers, including community mental health 
programs.” 

Restoring chronically and variably impaired auton- 


_omy involves the following steps: 


a. Identify those aspects (steps 1 to 6 as listed pre- 
viously) of autonomous decision-making that are 
chronically impaired. 

b. Document the history of the variability of im- 
pairment, with particular attention to factors that 
exacerbate that impairment (e.g., psychosocial 

stressors, drug abuse, going off medication, or 
medical illness). ' 

c. Identify and implement interventions aimed at 
improving impaired aspects of autonomous de- 
cision-making to a degree at or above the thresh- 
old (e.g., medication for loose associations, inten- 
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sive, repeated provision of information,” and. re- 
moval of psychosocial stressors). 

_d. Implement the six-step decision-making process 
described. When the patient’s decision-making ca- 
pacities are at or above their thresholds, respect 
for the patient’s autonomy is meaningful and 
therefore justified. In such cases the patient is 
capable of participating in the six-step decision- 
making process described. In short, such patients 
are capable of participating in the informed con- 
sent process. 


A set of guidelines for patients irreversibly near 

thresholds of autonomy 

Sometimes efforts to ameliorate chronically and vari- 
ably impaired autonomy will not succeed, but the pa- 


tient is nonetheless near thresholds for substantially 


autonomous decision-making as a result of the inter- 
ventions just described. Such patients may meet some 
thresholds but not others. Simply deciding for such 
patients what is to be done may impose on the patient 
values different from those held by the patient, a subtle 
form of paternalism. Chronically and variably impaired 
autonomy does not in all cases necessarily imply that 
such values are unknown or unknowable to the phy- 
sician. They may have been expressed or utilized by 
the patient (e.g., in step 4, 5, or 6 of the decision-making 
process described). The patient’s values are therefore, 
in principle, available as the basis for a response to 
chronically and variably impaired autonomy irrevers- 
ibly near but not at thresholds for substantially auton- 
omous decision-making. A patient irreversibly near the 
thresholds for decision-making can at least assent to 
medical care and can do so meaningfully if the care 
plan implemented respects her values. 

The strategy of this response is to present alternatives 
to the patient that are reliably judged to be consistent 
with her values and ask her to select among them. This 
second strategy for managing chronically and variably 
impaired autonomy involves the following: 

a. Carefully document the patient’s expressed values 

and beliefs related to reproduction. 

b. To further identify the patient’s values ask her 
what is important in her life regarding the deci- 
sion that needs to be made. For example, what 
are the patient’s feelings about being able to suc- 
cessfully prevent conception, her ability to com- 
plete a pregnancy safely, her ability to rear a child? 

c. It may be useful to make inquiries of the family’s 
perspective, as well as that of the parents, sexual 
partner, or spouse, since their insights may be 
valuable. This should be done only with the agree- 
ment of the patient. Family members may also 
have a vested interest in the outcome, especially 
when it is the family that has requested family 
planning intervention. Patients should be pro- 
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tected from undue pressure from family mem- 
bers. When there is undue pressure, the patient 
should be provided with an opportunity to discuss 
the issues independently of the family. 

d. Identify alternatives (including doing nothing) 
that are consistent with the patient’s values and 
beliefs. 

e. Present these alternatives and ask the patient for 
her choice among them. 


A set of guidelines for patients irreversibly 
below thresholds of autonomy 


Sometimes efforts to bring a patient to or near 
thresholds for substantially autonomous decision-mak- 
ing fail. Such patients are irreversibly substantially be- 
low one or more thresholds. They may therefore be 
irreversibly below all six thresholds. In the literature, 
the scope of ethical concern is typically expanded be- 
yond the patient’s interests to include the interests of 
possible future children and social costs. *° How 
should each of these three factors shape clinical ethical 
judgment? 

The patient’s interests. The interests of the patient 
concern whether pregnancy can be reliably judged to 
pose significant mental health and physical benefits and 
risks to the patient. These risks were discussed at the 
beginning of this article. The mental health and phys- 
ical risks discussed may be serious (e.g., disruption of 
psychiatric treatment or self-destructive behavior), but 
this is not always the case. Fewer still of these risks are 
irreversible. Mental health risks brought on by preg- 
nancy can be addressed through rigorous biopsycho- 
social interventions, as can risks to physical health. It 
is rarely the case that those risks are predictable with 
reliability, even in patients with documented history of 
the occurrence of such risks in a prior pregnancy. 

The justification for weak paternalism rests on be- 
neficence-based grounds, namely, to avoid predictable 
irreversible and serious harm to the patient. If this 
interpretation of the risks of pregnancy for. patients 
with chronic mental illness is correct, these grounds are, 
as a rule, not satisfied. Thus a paternalistic response to 
patients without decision-making capacity (i.e., to sim- 
ply make decisions for them) is not ethically justified. 

Risks to possible future children. The risks to pos- 
sible future children involve the ethical issues of harm 
to others than the patient. Those risks involve both 
genetic and social risks. There are some circumstances 
in which a possible future child is at significant risk for 
genetic mental illness (e.g., schizophrenia). Schizo- 
phrenia is certainly a serious disease, and there is some 
intuitive appeal to saying the children born with schizo- 
phrenia to two parents with the disease might well be 
better off having never existed. This intuition, in our 
view, rests on a contended concept, namely, wrongful 


_ life. This is the concept that life under certain circum- 
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stances is worse than being dead.” The problem here 
is that being dead is not a benefit to someone, because 
there is no “someone” to be benefited. Thus this in- 
tuition fails to be conceptually well grounded. 

There are social risks to the children of one or two 
parents with chronic mental illness. These range along 
a continuum from disrupted or even impaired devel- 
opment to court-ordered removal from the home. 
These risks may be reversible over time and unpre- 
dictable in many cases. Thus serious irreversible social 
risks to such children are difficult to predict with cer- 
tainty or even high probability. Ifthe preceding analysis 
is correct, making reproductive decisions for these pa- 
tients cannot be justified on the basis of avoiding harm 
to possible future children. | 

Social costs. Social costs, however, of pregnancy, 
birth, and child rearing by women with chronic mental 
illness do exist. The ethical issue here is whether society 
can reasonably invoke a justice-based claim to avoid 
such costs. Society has declined to do so thus far. There 
is a good reason for this policy. These women are not 
the only ones at risk for incurring social costs to society 
from their reproductive decisions. Teenage women and 
men, for example, constitute a group whose repro- 
ductive decisions cause considerable social costs, yet no 
attempt is made to restrict their reproductive decisions. 
Picking out only women with chronic mental illness for 
restriction of reproductive decisions because of social 
costs would therefore constitute arbitrary discrimina- 
tion and would be patently unjust. Picking out all 
women whose reproductive decisions involve social 
casts would constitute wholesale violation of their con- 
sttutional and civil rights, the right to privacy in par- 
ticular, which is also patently unjust. Thus appeals to 
avoiding harm to society cannot be justified. 

The social costs to parents, spouses, and sexual part- 
ners of patients with chronic mental illness may be le- 
gilimate considerations. For example, the strong pref- 
erence of parents who bring the patient for treatment 
not to be responsible for rearing a grandchild are un- 
derstandable. However, harm to these legitimate inter- 
ests is not inevitable, inasmuch as other alternatives are 
available (e.g., should she become pregnant, the woman 
raises her child by herself or places her child for adop- 
tion). The strong preference of a husband or sexual 
partner to avoid a pregnancy for the patient can be 
readily satisfied by his undertaking appropriate mea- 
sures to ensure his own sterility. ‘Thus harm to his le- 
gitimate interests is not inevitable either. 

When appeals to paternalism and harm to others 
cannot succeed, there is no ethical justification for 
overriding contraceptive choices. The second set of 
guidelines presented here should therefore be fol- 
lowed, with two considerations. 

First, it is not justified to force surgical sterilization 
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on patients whose autonomy is irreversibly lost or to 
coerce or manipulate them into accepting surgical ster- 
ilization, especially since there is now an effective, long- 
term, implantable, reversible contraceptive device 
(Norplant).” 

Second, contraceptive interventions need to be ef- 
fective, given the consequences of unwanted pregnan- 
cies in this population of patients. Because of compli- 
ance problems with oral contraceptives,” this method 
of contraception might not be effective in this popu- 
lation. Barrier techniques will be even less effective. By 
contrast, the Norplant device is significantly more likely 
to be effective.” It has the additional advantage of less 
serious risks of morbidity associated with long-term use. 

The Norplant device must be implanted and re- 
moved by a surgical procedure. This factor is ethically 
significant, because of the potential for abuse. That 
abuse would take the form of the physician refusing a 
request by a chronically mentally ill patient to insert or 
to remove it. Because, as we have shown, appeals to 
paternalism or harm to others cannot succeed, there is 
no ethical justification for refusing the patient's request 
to remove a Norplant device. 

In conclusion, patients with chronic mental illness 
constitute a particularly vulnerable group of patients, 
with respect to access to gynecologic care and to de- 
humanization. At the same time such patients constitute 
an ‘ethically and clinically unique group in terms of 
autonomy. The proposed guidelines respect the auton- 
omy of these patients and we believe, if adopted, would 
serve as powerful antidotes to both of these problems 
and thus contribute significantly to the quality of ob- 
stetric and gynecologic care for female patients with 
chronic mental illness. 
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A prospective, controlled multicenter study on the obstetric 


risks of pregnant women with antiphospholipid antibodies 


Henk J. Out, MD,"" Hein W. Bruinse, MD, Godelieve C.M.L. Christiaens, MD," 
Marja van Vliet,” ° Philip G. de Groot, PhD, H. Karel Nieuwenhuis, MD; and 


Ronald H.W.M. Derksen, MD’ 
Utrecht, The Netherlands 


OBJECTIVES: A prospective, controlled multicenter study was performed to estimate the obstetric risks of 
antiphospholipid antibodies (the lupus anticoagulant and anticardiolipin antibodies). In addition, the risks of 
prior thrombosis, obstetric history, systemic lupus erythematosus, and high-dose prednisone treatment 


were evaluated. 


STUDY DESIGN: After screening for antiphospholipid antibodies in patients with lupus erythematosus or 
wamen with prior fetal loss(es), 59 subsequent pregnancies with and 54 without these antibodies were 


followed. 


RESULTS: The presence of the lupus anticoagulant and a history of at least three spontaneous abortions 


could predict fetal loss (p = 0.032 and 0.001, respectively}. in 


live born infants, a low birth weight could 


be predicted by the presence of anticardiolipin antibodies (p = 0.034), prior intrauterine fetal death 

(p = 0.025), and treatment with high-dose prednisone (p = 0.002). No relationships were seen between 
- antiphospholipid antibodies and smail-for-gestational-age newborns and pregnancy-induced hypertension 
or preeclampsia. The disappearance of antiphospholipid antibodies during pregnancy was not correlated 


with live birth. 


CONCLUSION: It is concluded that the presence of antiphospholipid antibodies is a risk factor for adverse . 


pregnancy outcome. (Am J OssTeT GYNECOL 1992;167:26-32.) 


Key words: Lupus anticoagulant, anticardiolipin antibodies, pregnancy outcome, systemic 


lupus erythematosus 


In the last decade antiphospholipid antibodies, no- 
tably the lupus anticoagulant and anticardiolipin anti- 
bodies, have received much attention. Their presence 
has been associated with prior fetal loss, thrombosis, 
and . thrombocytopenia in retrospective reports.*® 
These correlations have been described in patients with 
' systemic lupus erythematosus, lupuslike disease, and 


fetal loss without underlying disease.** In patients with ` 


antiphospholipid antibodies, fetal loss is generally ac- 
companied by placental thrombosis. However, the 
pathogenetic potential of these antibodies has not been 
demonstrated." 

There are no large-scale studies evaluating the ob- 
sietric risks for pregnant women with antiphospholipid 
antibodies in a prospective, controlled study. However, 
on the basis of studies on small series or case reports, 
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it has become current practice to offer some kind of 
treatment. Successes have been claimed in favor of a 
therapy that includes high-dose prednisone,” * but its 
benefits are also controversial.* Other successful treat- 
ments reported include subcutaneous heparin or low- 
dose aspirin.” ° 

The need for large prospective, controlled iesi in 
pregnant women with antiphospholipid antibodies is 
universally recognized.’ °? In this study we prospec- 
tively evaluated the risks of lupus anticoagulant and 
anticardiolipin antibodies (both level and isotype) on’ 
pregnancy outcome in 59 pregnancies complicated by 
antiphospholipid antibodies compared with 54 control 
pregnancies. We also estimated the obstetric risks of 
systemic lupus erythematosus, lupuslike disease, prior 
adverse pregnancy outcomes, history of thrombosis, 
and inclusion of high-dose prednisone in the treatment 
regimen. 


-` Material and methods 


Patients. From June 1987 women who wished to con- 
ceive and who were from risk groups were screened 
for the presence of antiphospholipid antibodies to iden- 
tify eligible patients for this study. Patients were ob- 
tained from all over the country. Risk groups included 
patients with systemic lupus ervthematosus according 
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to American Rheumatism Association-criteria’; pa- . 


tients with lupuslike disease (fewer than four criteria); 


and patients with at least three unexplained sponta- - 


neous abortions before 12 weeks of gestation or at least 
one intrauterine fetal death after 12 weeks not caused 
by infection, abruptio placentae, apparent congenital 
malformations, or chromosomal abnormalities. In all 
patients with at least three spontaneous abortions hys- 
terosalpingography was performed to exclude uterine 
malformations. A total of 264 patients were screened, 
including 61 with systemic lupus erythematosus, 33 
with lupuslike disease, and 170 with prior adverse preg- 


nancy outcomes. Antiphospholipid antibodies were 


found in 115 patients (44%), including 29 with both 
lupus anticoagulant and anticardiolipin antibodies 
(25%), one with lupus anticoagulant only (1%), and 85 
with anticardiolipin antibodies only (74%, see Samples 
and assays). Fifty-two of 115 patients with antiphospho- 
lipid antibodies (45%) subsequently had 59 pregnancies 
(group A). Of these, 19 were characterized by both 
lupus anticoagulant and anticardiolipin antibodies, one 
by lupus anticoagulant only, and 39 by anticardiolipin 
antibodies only. Of 149 women without antiphospho- 


lipid antibodies after screening, 54 had a subsequent ' 


pregnancy (36%, group B). In group A, 10 patients 
had experienced a prior thrombosis (19%) compared 
with four patients in group B (7%). 


Treatment. Treatment, including high-dose pred- . 


nisone (>40 mg), was given in 11 patients. Of these, 
four received prednisone alone, three received pred- 
nisone plus low-dose aspirin (80 mg), and four received 
prednisone plus 2 x 5000 IU regular heparin subcu- 
taneously. All but one had medium- or high-positive 
levels of anticardiolipin antibodies or lupus anticoag- 


ulant. Two patients with systemic lupus erythematosus ° 


in remission received prednisone for earlier activity and 
one as treatment of a lupus exacerbation. In all other 
patients treatment was given prophylactically because 


_ of the presence of antiphospholipid antibodies. Other 
treatments in group A included 80 mg aspirin in 16. 


and 2 x 5000 IU heparin given subcutaneously in 
three patients. In 29 pregnancies from group A.no 
treatment was given. Treatment was given as soon: as 
pregnancy was confirmed by ultrasonography and was 
continued at the same dose until 6 weeks postpartum. 


In patients using heparin, oral anticoagulants were, 


given between 16 and 36 weeks of gestation instead of 


‘the heparin. In patients with medium or high levels of 
_anticardiolipin antibodies or lupus anticoagulant allo- 


cation of treatment between 40 mg prednisone plus 80 
mg aspirin versus aspirin alone, or between 40 -mg 
prednisone plus 2 x 5000 IU subcutaneous regular 
heparin versus heparin alone in patients receiving oral 
anticoagulants because of prior thrombosis, was initially 
intended after randomization. However, because 28 of 
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‘the 32 pregnant women eligible for randomization 
were reluctant to use high-dose prednisone because of 
potential side effects, only four were randomized. 

‘Samples and assays 
Samples. In addition to the samples obtained for initial 
screening, monthly blood samples from 19 of 20 pa- 


- tients with lupus anticoagulant and 22 of 3] patients 
. with medium- or high-positive levels of anticardiolipin 


antibodies after screening were collected during preg- 
nancy and in the postpartum period (median eight sam- 
ples, range 1 to 15). Samples from patients seen in 
hospitals other than in University Hospital of Utrecht 
were sent by mail and stored at — 70° C within 24 hours. 
All assays were performed in this hospital. 

Blood samples for the determination of lupus anti- 
coagulant were taken by venipuncture into a 0.1 volume 
of 3.8% trisodium citrate. Platelet-poor plasma was pre- 
pared by centrifuging the blood twice at 4° C at 2000g 
for 15 minutes. Blood samples for the preparation of 
serum for determinations of anticardiolipin antibodies 
were collected by venipuncture into glass tubes. The 
blood was allowed to clot at room temperature for 2 
hours and centrifuged at 2000¢ for 10 minutes to obtain 
serum. | 

Lupus anticoagulant. Three lupus anticoagulant assays 
were done as described previously": (1) a partial throm- 
boplastin time with a 1: 1 mixture of patient and pooled 
normal plasma with thromboplastin derived from hu- 
man brain, (2) the partial thromboplastin time of test 
plasma on dilution of thromboplastin, and (3) kaolin 
clotting time index, calculated from the kaolin clotting 
time of control and test plasma, mixed at different ra- 
tios. Lupus anticoagulant was considered to be present 
when at least two assays were positive. 

‘Anticardiolipin antibodies. Anticardiolipin antibodies 
immunoglobulin G and immunoglobulin M were mea- | 
sured by enzyme-linked immunosorbent assay as de- 
scribed earlier™ in a 1: 100 serum dilution. The Kings- 
ton Antiphospholipid Antibody Study Group standards 
were included on all enzyme-linked immunosorbent 
assay plates to establish cutoff levels between high-, 
medium-, and low-positive and normal! levels, accord- 
ing to the second anticardiolipin standardization ex- 
ercise. | | | 

End points. The end points of this study were fetal 
death, birth weight, the occurrence of small-for-ges- 
tational-age (SGA) newborns with a birth weight below 
the 10 percentile according to Kloosterman curves cor- 
rected for sex and parity,’® pregnancy-induced hyper- 
tension defined as a diastolic pressure of [90 mm Hg 
after the twenty-fourth week of pregnancy without 
preexisting hypertension, and preeclampsia defined as 
pregnancy-induced hypertension plus proteinuria of 
20.5 gm/L.” Active lupus nephritis was regarded to 
be present when, apart from proteinuria or an elevated 
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Table I. Patient characteristics and pregnancy 
outcome in 59 pregnancies of patients with 
antiphospholipid antibodies (group. A) and 54 
pregnancies of patients without these 
antibodies (group B) 


Cop 
Patients (No.) 52 54 
No. of pregnancies 59 | 54 
Systemic lupus erythem- 29 8 
atosus (2 = 37) 
Lupuslike disease 7 5 
(n = 12) 
Prior adverse pregnancy 23 4] 
outcome (n = 64) 
At least 3 sponta- 1] 13 
- neous abortions 
At least 1 intrauter- 9 14 
ine fetal death 
Both spontaneous 3 14 
abortions and intra- 
uterine fetel death 
Outcome 
Spontaneous abortions 7 (12%) 8 (15%) 
(n = 15) 
Intrauterine fetal 7 (12%) 3 (6%) 
death (n = 10) 
Live infant (n = 88) 45 (76%) 43 (79%) 
Gestational ege* (wk, 36.9 + 3.6 38.7 21.6 
mean + SD) 
Birth weight* (gm, 2665 + 945 3090 +. 605 
mean + SD) 
No. of children <10th 11 (24%) 9 (21%) 
percentile” 
No. of pregnancies <37 21 (36%) 3 (7%) 
wk* 
No. of pregnancies with 10 (22%) 10 (23%) 
pregnancy-induced hy- 
pertension or pre- 
eclampsia 
No. of cesarean sections 14 (31%) 5 (12%) 
because of fetal distress 
Mean gestational age 33.5 36.6 


(wk) 


Fetal loss was predicted by lupus anticoagulant (p = 0.032) 
and at least three spontaneous abortions in the past (p = 
0.001). Low birth weight was significantly associated with a 
history of intrauterine fetal death (p = 0.025), presence of 
anticardiolipin antibodies (p = 0.034), and treatment with 
high-dose prednisone (p = 0.002). Statistical analysis was per- 
formed with stepwise multiple and lcgistic regression. 


+Of live infants. 


serum creatinine level, extrarenal symptoms suggestive 
of active disease or an active urine sediment were 
present. 

Statistics. Statistical analysis was performed with 
Fisher’s exact test and stepwise multiple and logistic 
regression with the statistical package SPSS/PC+ ver- 
sion 3.1 (SPSS, Chicago) and BMDP, version 1987 
(BMDP, University of California, Berkeley), to deter- 
mine the risks of lupus anticoagulant and anticardioli- 
pin antibodies (both level and isotype), systemic lupus 
erythematosus, lupuslike disease, at least three spon- 
taneous abortions in the past, at least one prior intra- 
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uterine fetal death, high-dose prednisone treatment, 
and a history of thrombosis on the end points, consid- 
ering all pregnancies (n = 113) as a whole. This tech- 
nique was chosen because it accounts for the influence 
of overlaps between variables. 


Results 


Pregnancy outcome 

Fetal loss. In group A, seven spontaneous abortions 
(12%) and seven intrauterine fetal deaths (12%) oc- 
curred versus eight abortions (15%) and three stillbirths 
(6%) in group B (Table I). Fetal loss was predicted by 
the presence of lupus anticoagulant (p = 0.032) or a 
history of at least three spontaneous abortions 
(p = 0.001) and not by anticardiolipin antibody level 
or isotype, a history of thrombosis, or the presence of 
systemic lupus erythematosus or lupuslike disease. The 
20 pregnancies with lupus anticoagulant ended in three 
spontaneous abortions (15%) and four intrauterine fe- 
tal deaths (20%), and the 33 pregnancies of patients 
with at least three spontaneous abortions in the past 
resulted in 10 spontaneous abortions (30%) and four 
intrauterine fetal deaths (12%, Fig. 1). All placentas 
from lupus anticoagulant—positive pregnancies ending 
in intrauterine fetal death demonstrated signs of 
thrombosis or infarction. In the placentas from the 
three stillbirths in group B, no signs of thrombosis or 
infarction were found. Of 58 patients from group A 
with anticardiolipin antibodies, seven abortions (12%) 
and 7 intrauterine fetal deaths (12%) occurred. In the 
11 patients treated with high-dose prednisone, one 
spontaneous abortion (9%) and three intrauterine fetal 
deaths (27%) occurred, versus two spontaneous abor- 
tions (11%) and two intrauterine fetal deaths (11%) in 
the 19 patients treated with low-dose aspirin or heparin 
(p = 0.310, Table II). In the 29 patients from group 
A without any treatment, four spontaneous abortions 
(14%) and two intrauterine fetal deaths occurred (7%, 
Table II). 

Birth weight and gestational age of. live infants. The re- 
lationship between birth weight and gestational age at 
delivery of live infants is shown in Fig. 2. Mean birth 
weight and gestational age were 2665 gm and 36.9 
weeks in group A and 3090 gm and 38.7 weeks in group 
B. Birth weight was significantly lower in patients with 
anticardiolipin antibodies (mean weight 2660 gm, 
p = 0.034), prior intrauterine fetal death (mean weight 
of 2765 gm after one stillbirth, 2610 gm after two or 
more, p = 0.025) and in patients treated with high-dose 
prednisone (mean weight 1870 gm, p = 0.002) com- 
pared with patients without these characteristics. Mean 
birth weight and gestational age in patients treated with 
low-dose aspirin or heparin were 2565 gm and 36.5 
weeks (Table II). 

Twenty-one pregnancies (36%) in group A and three 
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Fig. 1. Fetal loss rates in women with (n = 20) or without (n = 93) lupus anticoagulant and in women 
with at least three prior spontaneous abortions (SA, n = 33) or less (x = 80). Lupus anticoagulant 
and history of at least three spontaneous abortions predicted fetal loss (p = 0.032 and p = 0.001, 


respectively). Note that increased fetal loss rate in women with lupus anticoagulant is due to intra- 


uterine fetal death ([UFD) after 12 weeks of gestational age, in contrast to increased fetal loss rate : 
in women with at least three previous spontaneous abortions, who pman abor ted in first 12 weeks 


pi Porin 


(7%) in group B ended before 37 weeks of gestation 
(p < 0.001). Fourteen cesarean sections (31%) in group 
A and five (12%) in group B were performed because 
of fetal distress (p = 0.032). The mean gestational age 


_at time of cesarean section was 33.6 weeks in group A 


and 36.6 weeks in group B. 
SGA. Eleven children in group A (24%) and nine in 


group B (21%) were SGA, which could not be predicted ` ` 


by any of the variables. :; 
Pregnancy-induced hypertension or preeclampsia. Ten pa- 


tients in group A (22%) had pregnancy-induced hy-. 


pertension or preeclampsia versus 10 in group B (23%). 
None of the evaluated variables could predict these 


complications. None of the lupus patients developed a“ 


lupus nephritis. 


Complications of treatment. In the 1l; patients . 


treated with high-dose prednisone, a cushingoid face 


_ was present in all, severe striae in one, and acne in four. __ 
No vertebral collapses occurred. In one patient.treated . 


with subcutaneous heparin an abscess developed at the 


injection site. No side effects of low-dose aspirin were | 
seen nor were any drug-related neonatal complications. - ' 
Follow-up of antiphospholipid antibodies during 


pregnancy. From 19 evaluated lupus anticoagulant— 
positive pregnancies, lupus anticoagulant disappeared 
during pregnancy in eight patients with two fetal losses. 


In 1] pregnancies, with persistently present lupus an- | 


ticoagulant, three fetal deaths occurred. 
From 22 evaluated pregnancies with medium-.‘or 


. high-positive lupus anticoagulant anticardiolipin anti- 


body levels after-screening, three patients reached low 
or negative levels without fetal-losses. Fourteen live 
births and five fetal losses occurred in 19 pregnancies 
with persistently medium- or high-positive anticardio- 
lipin antibody, levels. There was no significant associ- 


__ ation between the disappearance of lupus anticoagulant 
(p = 0.664) or anticardiolipin. antibodies (p = 0.441) 
and live birth. 


Comment. - 


| This is thefirst prospective controlled study that eval- 
_ uated the obstetric risk of antiphospholipid antibodies. 


With a statistical analysis technique accounting for the 


` influence of overlap between the evaluated variables, 
„only lupus anticoagulant and the occurrence of at least 


three spontaneous abortions in the past predicted fetal 
loss, in contrast to anticardiolipin antibody isotype or 


. level, systemic lupus. erythematosus, or lupus-like dis- 


ease and a history of thrombosis. In the patients with 


antiphospholipid antibodies, spontaneous abortion 


rates (12% for anticardiolipin antibody and 15% for 
lupus anticoagulant) were comparable with the normal 


-_population. However, in patients with lupus anticoag- 


ulant most fetal losses were after 12 weeks of gestation 
(four of seven losses in 20 pregnancies), whereas pa- 
tients with a history of spontaneous abortions mainly 
had early abortions (10 of .14 losses in 33 pregnancies, 
Fig. 1). An incréasing Chance for a spontaneous abor- 
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Table II. Pregnancy outcome in relation to treatment in 59 pregnancies characterized by the presence of 
antiphospholipid antibodies 















Treatment with low-dose 
_ aspirin (n = 16) or | 
heparin (n = 3) 


Treatment including 
high-dose-prednisone 
(a= 1l) 


No treatment 
(n = 29) 






No. of pregnancies 


Systemic lupus erythematosus 19 7 siz 
(n = 29) l 

Lupuslike disease (n = 7) > l 4 2 

Prior adverse pregnancy out- 0 8 15 
come (n = 23) | 

Lupus anticoagulant— positive a 1] l 
(n = 20) i 

Lupus anticoagulant—negative plus ] | 5 21 


low-positive anticardiolipin anti- 
body levels (n = 27) 


Lupus anticoagulant—negative plus 2 3 7 
medium- or high-positive anticar- 
diolipin antibody levels (n = 12) 
Outcome 
Spontaneous abortion (n = 7; 1 (9%) 2 (11%) . 4(14%) 
Intrauterine fetal death (n = 7) 3 (27%) 2 (11%) 2 (7%) 
Alive (n = 45) 7 (64%) 15 (78%) 23 (79%) 
Gestational age* (wk, mean + SD) 33.7 + 2.0 36.5 + 4.1 38.2 + 2.9 
Birth weight* (gm, mean + SD) ` 1870 = 850 2565 + 1005 2972 + 805 
No. of children <10th percentilé* 2 (29%) 3 (20%) 6 (26%) 
No. of pregnancies with preg- 2 (29%) ` 5 (33%) 3 (10%) 
nancy-induced hypertension or 
preeclampsia 
No. of cesarean sections because 4 (57%) 5 (33%) 5 (17%) 


of fetal distress 


Treatment containing high-dose prednisone was significantly associated with low birth Weipa! (p = 0.002), as analyzed with 


stepwise multiple regression. 
*Of live infants. 


ton after an unsuccessful past reproductive perfor- 
mance has been described earlier.’ The cause of lupus 
anticoagulant—associated intrauterine fetal death is 
probably placental, insufficiency, because signs of 
thrombosis or infarction were present in all placentas. 
This is in accordance with a recently published study 


of ours in which we demonstrated that intrauterine ' 


fetal death in patients with antiphospholipid antibod-:es 
is significantly associated with histopathologic features 
of thrombosis or infarction, compared with a control 
group of women with fetal loss without these antibod- 
es..° We did not find a relation between anticar- 
diolipin antibodies and fetal loss. This may be due to 
the antiphospholipid antibody—negative control group, 
which is not comparable with the normal population. 
We chose this control group because possible risk fac- 


tors for adverse pregnancy outcome frequently found ` 


in women with antiphospholipid antibodies (systemic 
lupus erythematosus, prior fetal losses) were present in 
these patients. Use of this group made optimal discrim- 
ination between the impact of the various risk factors 
on pregnancy outcome possible. Therefore it is likely 
that the significant relations we found will be even more 
apparent when compared with the normal population. 
The composition of the control group may also be re- 


sponsible for the fact that we did not find a significant 
relation between antiphospholipid antibodies and SGA 
newborns or pregnancy-induced hypertension or pre-- 


. eclampsia. Both conditions had a higher incidence in 


our control group than in a normal population. In the © 
Netherlands SGA newborns are seen by definition in 
10% of all pregnancies. Normal mean birth went is 
3445 gm.'° 

We found a 44% prevalence of antiphospholipid an- 
tibodies in our screening population, which included 
not only patients with bad obstetric histories but also 
patients with systemic lupus erythematosus and lupus- 


- like disease referred to our center because of obstetric 


problems. 

In live infants a low birth weight could be predicted 
independently by the presence of anticardiolipin an- 
tibodies, prior intrauterine fetal death, and treatment 
with high-dose prednisone. Birth before 37 weeks of 


_ gestation was seen significantly more often in pregnan- 


cies with antiphospholipid antibodies. This was in part 
artificial because of the significantly increased cesarean 
section rate associated with fetal distress. It further il- 
lustrates the poor fetal.condition in pregnancies with 
antiphospholipid antibodies, leading to early pe 
intervention. 
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Fig. 2. Relationship of birth weight and gestational age of live infants, including 45 pregnancies 
with (group A) and 43 pregnancies without (group B) antiphospholipid antibodies compared with 


normal percentiles (p10, p50, p90). ` 


The initially intended randomization procedure 
failed due to patient reluctance to use high-dose pred- 


nisone. Besides, we demonstrated a significantly lower! 


birth weight after treatment with high-dose prednisone 
during pregnancy. These are important observations 
in view of possible future randomized trials on this 


subject. We also could not demonstrate a superior out- 


come after prednisone therapy, which is in agreement 
with findings of Lockshin et al., who even found fetal 
loss in nine of 11 patients (84%) with high-positive an- 
ticardiolipin antibodies and prior fetal death. Our 
somewhat better results after prednisone treatment 
may be explained by the fact that our series included 
three patients without a prior fetal death and three 
patients with only low- or medium-positive anticardi- 
olipin antibody levels in the absence of lupus antico- 
agulant. Considering these disappointing effects after 
steroid treatment, we believe that high-dose prednisone 
therapy is not the first choice in any forthcoming trial 
or in the management of individual patients. Unfor- 


tunately, our study does not allow firm conclusions on - 


what treatment should be given instead, because of its 
limited size and nonrandomized nature. 

Although it is often claimed that complete suppres- 
sion of the antiphospholipid antibodies is mandatory 
for a favorable outcome,” * we could not confirm this 
concept. Therefore the use of high-dose prednisone 
for this purpose does not seem to be indicated. Instead, 
antithrombotic treatment with low-dose aspirin or hep- 
arin may be sufficient in preventing fetal loss, in spite 
of the prolonged presence of antiphospholipid anti- 


_ bodies. However, it was remarkable to notice that in 


the 29 patients with antiphospholipid antibodies who 
were not treated at all fetal-loss occurred in 21%, 
compared with 22% in patients who received mild 
therapy with low-dose aspirin or heparin. The necessity 
of any treatment therefore remains to be proved. In 


` conclusion, our prospective, controlled data indicate 


that lupus anticoagulant should be considered a risk 
factor for fetal loss and anticardiolipin antibodies for 
a low birth weight. Therefore pregnancies in women 
with antiphospholipid antibodies are high-risk preg- 
nancies, demanding close fetal monitoring especially 
when a history cf fetal loss is present. High-dose 
prednisone is not the first choice of treatment in these 
patients. Future randomized studies have to be done 
to establish whether close fetal surveillance is sufficient 


‘for a successful pregnancy or whether any antithrom- 


botic drug treatment should be added for optimal 
outcome. ) 


-© We thank Mrs. I. van der Tweel for statistical analysis 
‘and all Dutch specialists participating in the study. 
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*Serious as well as minor side effects have been reported with the use of all oral contraceptives. The physician should remain alert to the 
of serious disease and discontinue oral contraceptive therapy when appropriate. Please see full prescribing information, a brief summary o 
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® Levonorgestrel and ethinyl estradiol tablets- 


TRI ‘LE VL É Triphasic regimen 


TRI-LEVLEN® 28 TRI-LEVLEN® 21 


BRIEF SUMMARY 

Tri-Levien®—6 brown tablets, each containing 0.050 mg of levonorgestrel (d(-)-13 beta-ethyl-17-alpha-ethinyl-17-beta-hydroxy- 
gon-4-en-3-one), a totally synthetic progestogen, and 0.030 mg of ethinyl estradiol (19-nor-17a-pregna-1,3,5(10)-trien-20-yne- 
3, 17-diol); 5 white tablets, each containing 0.075 mg levonorgestre! and 0.040 mg ethinyl estradiol; 10 light-yellow tabiets, 
each containing 0.125 mg levonorgestrel and 0.030 mg ethinyl estradiol (7 light-green tablets containing inert ingredients are 
included in the 28-day triphasic regimen). 

Indications and Usage 

Oral contraceptives are indicated for the prevention of pregnancy in women who elect to use this product as a method 
of contraception. 

Contraindications 

Oral contraceptives should not be used in women with any of the following conditions: thrombophlebitis or thromboembolic 
disorders, a past history of deep-vein thrombophlebitis or thromboembolic disorders, cerebral-vascular or coronary-artery 
disease, known or suspected carcinoma of the breast, carcinoma of the endometrium or other known or suspected estrogen- 
dependant neoplasia, undiagnosed abnormal genital bleeding, cholestatic jaundice of pregnancy or jaundice with priar pill 
use, hepatic adenomas or carcinomas, known or suspected pregnancy. 


Warnings 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral-contraceptive use. This risk increases 


with age and with heavy smoking (15 or more cigarettes per day) and is quite marked in women over 35 years of age. Women 
who use oral contraceptives should be strongly advised not to smoke. 





The use of oral contraceptives is associated with increased risks of several serious conditions including myocardial infarction, 
thromboembolism, stroke, hepatic neoplasia, gallbladder disease, and hypertension, although the risk of serious morbidity or 
mortality is very small in healthy women without underlying risk factors. The risk of morbidity and mortality increases signifi- 
cantly in the presence of other underlying risk factors such as hypertension, hyperlipidemias, obesity and diabetes. Practition- 
ers prescribing oral contraceptives should be familiar with the following information relating to these risks. The information 
contained in this package insert is principally based on studies carried out in patients who used oral contraceptives with higher 
formulations of estrogens and progestogens than those in common use today. The effect of long-term use of the oral contracep- 
tives with lower formulations of both estrogens and progestogens remains to be determined. Throughout this labeling, epi- 
demiological studies reported are of two types: retrospective or case control studies and prospective or cohort studies. Case 
control studies provide a measure of the relative risk of disease, namely, a ratio of the incidence of a disease among oral- 
contraceptive users to that among nonusers. The relative risk does not provide information on the actual clinical occurrence 
of a disease. Cohort studies provide a measure of attributable risk, which is the difference in the incidence of disease between 
oral-contraceptive users and nonusers. The attributable risk does provide information about the actual occurrence of a disease 
in the population. For further information, the reader is referred to a text on epidemiological methods. 


1. Thromboembolic Disorders and Other Vascular Problems 

a. Myocardial Infarction. An increased risk of myocardial infarction has been afributed to oral-contraceptive use. This risk is 
primarily in smokers or women with other underlying risk factors for coronary-artery disease such as hypertension, hyper- 
cholesterolemia, morbid obesity, and diabetes. The relative risk of heart attack for current oral-contraceptive users has been 
estimated to be two to six. The risk is very low under the age of 30. Smoking in combination with oral-contraceptive use has 
been shown to contribute substantially to the incidence of myocardial infarctions in women in their mid-thirties or older with 
smoking accounting for the majority of excess cases. Mortality rates associated with circulatory disease have been shown to 
increase substantially in smokers over the age of 35 and non-smokers over the age of 40 among women who use orai con- 
traceptives. Oral contraceptives may compound the effects of well-known risk factors, such as hypertension, diabetes, nyper- 
lipidemias, age and obesity. In particular, some progestogens are known to decrease HDL cholesterol and cause glucose 
intolerance, while estrogens may create a state of hyperinsulinism. Oral contraceptives have been shown fo increase blood 
pressure among users (see section 9 in “Warnings’). Similar effects on risk factors have been associated with an increased 
risk of heart disease. Oral contraceptives must be used with caution in women with cardiovascular disease risk facters. 

b. Thromboembolism. An increased risk of thromboembolic and thrombotic disease associated with the use of oral contra- 
ceptives is well established. Case contro! studies have found the relative risk of users compared to nonusers to be 3 for the 
first episode of superficial venous thrombosis, 4 to 1] for deep-vein thrombosis or pulmonary embolism, and 1.5 to 6 for women 
witb predisposing conditions for venous thromboembolic disease. Cohort studies have shown the relative risk to be somewhat 
lower, about 3 for new cases and about 4.5 for new cases requiring hospitalization. The risk of thromboembolic disease due 
to oral contraceptives is not related to length of use anc disappears ofter pill use is stopped. A two-to four-fold increase in 
relative risk of postoperative thromboembolic complications has been reported with the use of oral contraceptives. The relative 
risk of venous thrombosis in women who have predisposing conditions is twice that of women without such medical conditions. 
If feasible, oral contraceptives should be discontinued at least four weeks prior to and for two weeks after elective surgery 
of a type associated with an increase in risk of thromboembolism and during and following prolonged immobilization. 
Since the immediate post partum period is also associated with an increased risk of thromboembolism, oral contraceptives 
should be started no earlier than four to six weeks after delivery in women who elect not to breast-feed, or a midtrimester 
pregnancy termination. 

c. Cerebrovoscular diseases. Oral contraceptives have been shown to increase both the relative and attributable risks of 
cerebrovascular events (thrombotic and hemorrhagic strokes), although, in general, the risk is greatest among older (>35 
years), hypertensive women who also smoke. Hypertension was found to be a nsk factor for both users and nonusers, for both 
types of strokes, while smoking interacted to increase the risk for hemorrhagic strokes. In a large study, the relative risk of 
thrombotic strokes has been shown to range from 3 for normotensive users to 14 for users with severe hypertension. The relative 
risk of hemorrhagic stroke is reported to be 1.2 for nonsmokers who used oral contraceptives, 2.6 for smokers who did not use 
oral contraceptives, 7.6 for smokers who usec oral contraceptives, 1.8 for normotensive users and 25.7 for users with severe 
hypertension. The attributable risk is also greater in older women. 

d. Dose-related risk of vascular disease from oral contraceptives. A positive association has been observed between the 
amount of estrogen and progestogen in oral contraceptives and the risk of vascular disease. A decline in serum high-density 
lipoproteins (HDL) has been reported with many progestational agents. A cecline in serum high-density lipoproteins has 
been associated with an increased incidence of ischemic heart disease. Because estrogens increase HDL cholesterol. the net 
effect of an oral contraceptive depends on a balance achieved between doses of estrogen and progestogen and the nature 
ond absolute amount of progestogen used in the contraceptive. The amount of both hormones should be considered in the 
choice of an oral contraceptive. Minimizing exposure to estrogen and progestogen is in keeping with good principles of 
therapeutics. For any particular estrogen/progestogen combination, the dosage regimen prescribed should be one which con- 
tains the least amount of estrogen and progestogen that is compatible with a low failure rate and the needs of the individual 
patient. New acceptors of oral-controceptive agents should be started on preparations containing less than 50 mcg 
of estrogen 

e. Persistence of risk of vascular disease. There are two studies which have shown persistence of risk of vascular disease for 
ever-users of oral contraceptives. In a study in the United States, the risk of developing myocardial infarction after discontinuing 
oral contraceptives persists for at least 9 years for women 40-49 years who had used oral contraceptives for five or mare years, 
but this increased risk was not demonstrated in other age groups. In another study in Greot Britain, the risk of developing 
cerebrovascular disease persisted for at least 6 years after discontinuation cf orol contraceptives, although excess risk was 
very small. However, both studies were performed with oral-contraceptive formulations containing 50 micrograms er higher 
of estrogens 

2. Estimates of Mortality from Contraceptive Use. One study gathered data from a variety of sources which have estimated the 
mortality rate associated with different methods of contraception at different ages. These estimates include the combined risk 
of death associated with contraceptive methods plus the risk attributable to pregnancy in the event of method failure. Each 
method of contraception has its specific benefits and risks. The study concluded that with the exception of oral-contraceptive 
users 35 and older who smoke and 40 and older who do not smoke, mortality associated with all methods of birth control 
is less than that associated with childbirth The observation of a possible increase in risk of mortality with age for oral- 
contraceptive users is based on dato gathered in the 1970’s—but not reported until 1983. However, current clinica! practice 
involves the use of lower estrogen dose formulations combined with careful restriction of oral-contraceptive use to women who 
do not have the various risk factors listed in this labeling. Because of these changes in practice and, also, because of some 
limited new data which suggest that the risk of cardiovascular disease with the use of oral contraceptives may now be less 
than previously observed, the Fertility and Maternal Health Drugs Advisory Committee was asked to review the topic in 1989 
The Committee concluded that although cardiovascular-disease risks may be increased with oral-contraceptive useofter age 
40 in healthy nonsmoking women (even with the newer low-dose formulations), there are greater potential health risks 
associated with pregnancy in older women and with the alternative surgical and medical procedures which may be necessary 
if such women do not have access to effective and acceptable means of contraception. Therefore, the Committee recom- 
mended that the benefits of oral-contraceptive use by healthy nonsmoking women over 40 may outweigh the possible risks. 
Of course, older women, as all women who take oral contraceptives, should take the lowest possible dose formulation that 
is effective. 

3. Carcinoma of the Reproductive Organs. Numerous epidemiological studies have been performed on the incidence of oreast, 
endometrial, ovarian and cervical cancer in women using oral contraceptives. The overwhelming evidence in the literature 
suggests that use of oral contraceptives is not associated with an increase in the risk of developing breast cancer, regardless 
of the age and parity of first use or with most of the marketed brands and doses. The Cancer and Steroid Hormone (CASH) 
study also showed no latent effect on the nsk of breast cancer for at least a decade following long-term use. A few studies 
have shown a slightly increased relative risk of developing breast cancer, aithough the methodology of these studies, which 
included differences in examination of users and nonusers and differences in age at start of use, hos been questioned. Some 
studies suggest that oral-contraceptive use has been associated with an increase in the risk of cervical intraepithelial neo- 
plasia in some populations of women. However, there continues to be controversy about the extent to which such findings may 
be due to differences in sexual behavior and other factors. In spite of many studies of the relationship between oral- 
contraceptive use and breast and cervical cancers, a cause-and-effect relationship has not been established. 

4. Hepatic Neoplasia. Benign hepatic adenomas are associated with oral-contraceptive use, although the incidence of benign 
tumors is rore in the United States. Indirect calculations have estimated the attributable risk to be in the range of 3.3 cases/ 
100,000 for users, a risk that increases after four or more years of use. Rupture of rare, benign, hepatic adenomas may cause 
death through intra-abdominal hemorrhage. Studies from Britain have shown an increased risk of developing hepatocellular 





carcinoma in long-term (>8 years) oral-contraceptive users. However, these cancers are extremely rare in the U.S. and the 
attributable risk (the excess incidence) of liver cancers in oral-contraceptive users approaches less than one per million users. 


5. Ocular Lesions. There have been clinical case reports of retinal thrombosis associated with the use of oral contro- 
ceptives. Oral contraceptives should be discontinued if there is unexplained partial or complete loss of vision; onset of proptosis 
or diplopia; papilledema; or retinal vascular lesions. Appropriate diagnostic and therapeutic measures should be under- 
taken immediately. 
6. Oral-Contraceptive Use Before or During Early Pregnancy. Extensive epidemiological studies have revealed no increased risk 
of birth defects in women who have used oral contraceptives prior to pregnancy. Studies also do not suggest a teratogenic 
effect, particularly insofar as cardiac anomalies and limb-reduction detects are concerned, when token inadvertently during 
early pregnancy, The administration of oral contraceptives to induce withdrawal bleeding should not be used as a test for pregnancy. 
Oral contraceptives should not be used during pregnancy to treat threatened or habitual abortion. It is recommended thot for 
any patient who has missed two consecutive periods, pregnancy should be ruled out before continuing oral-contraceptive use. 
If the patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at the time of the 
first missed period. Oral-contraceptive use should be discontinued if pregnancy is confirmed. 
7. Gallbladder Disease. Earlier studies have reported an increased lifetime relative risk of gallbladder surgery in users of oral 
contraceptives and estrogens. More recent studies, however, have shown that the relative risk of developing gallbladder disease 
among oral-contraceptive users may be minimal. The recent tindings of minimal risk may be related to the use of oral-contraceptive 
formulations containing lower hormonal doses of estrogens and progestogens. 
8. Carbohydrote and Lipid Metabolic Effects. Oral contraceptives have been shown to cause glucose intolerance in a significant 
percentage of users. Oral contraceptives containing greater than 75 micrograms of estrogens cause hyperinsulinism, while 
lower doses of estrogen cause less glucose intolerance. Progestogens increase insulin secretion and create insulin resistance, 
this effect varying with different progestational agents. However, in the nondiabetic woman, oral contraceptives appear to have 
no effect on fasting blood glucose. Because of these demonstrated effects, prediabetic and diabetic women should be carefully 
observed while taking oral contraceptives. A small proportion of women will have persistent hypertriglyceridemia while on the 
pill. As discussed earlier (see “Warnings” la. and 1d.), changes in serum triglycerides and lipoprotein levels hove been reported 
in oral-controceptive users. 
9. Elevated Blood Pressure. An increase in blood pressure has been reported in women taking oral contraceptives and this increase 
is more likely in older oral-contraceptive users and with continued use. Data from the Royal College of General Practitioners 
and subsequent randomized trials have shown that the incidence of hypertension increases with increasing quantities of 
progestogens. Women with a history of hypertension or hypertension-related diseases, or renal disease should be encouraged 
to use another method of contraception. If women with hypertension elect to use oral contraceptives, they should be monitored 
closely, and if significant elevation of blood pressure occurs, oral contraceptives should be discontinued. For most women, 
elevated blood pressure will return to normal after stopping oral contraceptives, and there is no difference in the occurrence 
of hypertension among ever-and never-users. 
10. Headache. The onset or exacerbation of migraine or development of headache with a new pattern that is recurrent, persis- 
tent or severe requires discontinuation of oral contraceptives and evaluation of the cause. 
11. Bleeding Irregularities. Breakthrough bleeding and spotting are sometimes encountered in patients on oral contraceptives, 
especially during the first three months of use. The type and dose of progestogen may be important. Nonhormonal causes 
should be considered and adequate diagnostic measures taken to rule out malignancy or pregnancy in the event of break- 
through bleeding, as in the case of any abnormal vaginal bleeding. If pathology has been excluded, time or a change to another 
formulation may solve the problem. in the event of amenorrhea, pregnancy should be ruled out. Some women may encounter 
post-pill amenorrhea or oligomenorrhea, especially when such a condition was preexistent 
Precautions 
1. PHYSICAL EXAMINATION AND FOLLOW UP. A complete medical history and physical examination should be taken prior to 
the initiation or reinstitution of oral contraceptives and at least annually during use of oral contraceptives. These physical exam- 
inotions should include special reference to blood pressure, breasts, abdomen and pelvic organs, including cervical cytology, 
and relevant laboratory tests. In case of undiagnosed, persistent or recurrent abnormal vaginal bleeding, appropriate diag- 
nostic measures should be conducted to rule out malignancy. Women with a strong family history of breast cancer or who 
have breast nodules should be monitored with particular care. 2. LIPID DISORDERS. Women who are being treated for hyper- 
lipidemias should be followed closely if they elect to use oral contraceptives. Some progestogens may elevate LDL levels and 
moy render the control of hyperlipidemias more difficult. (See “Warnings” Id.) 3. LIVER FUNCTION. If jaundice develops in any 
woman receiving such drugs, the medication should be discontinued. Steroid hormones may be poorly metabolized in patients 
with impaired liver function. 4. FLUID RETENTION. Oral contraceptives may couse some degree of fluid retention. They should 
be prescribed with caution, and only with coreful monitoring, in patients with conditions which might be aggravated by fluid 
retention. 5. EMOTIONAL DISORDERS. Patients becoming significantly depressed while taking oral contraceptives should stop 
the med cation and use an alternate method of contraception in an attempt to determine whether the symptom is drug related. 
Women with a history of depression should be corefully observed and the drug discontinued if depression recurs to a serious 
degree. 6. CONTACT LENSES. Contact-lens wearers who develop visual changes or changes in lens tolerance should be 
assessed by an ophthalmologist. 7. DRUG INTERACTIONS. Reduced efficacy and increased incidence of breakthrough bleeding 
and menstrual irregularities have been associated with concomitant use of rifampin. A similar association, though less marked, 
has been suggested with barbiturates, phenylbutazone, phenytoin sodium, and possibly with griseofulvin, ampicillin and tetra- 
cyclines. 8. INTERACTIONS WITH LABORATORY TESTS. Certain endocrine-and liver-function tests and blood components may 
be affected by oral contraceptives: a. Increased prothrombin and factors VII, VIII, IX, and X; decreased antithrombin 3; increased 
norepinephrine-induced platelet aggregobility. b. Increased thyroid-binding globulin (TBG) leading to increased circulating foto! 
thyroid hormone, as measured by protein-bound iodine (PBI), T4 by column or by radioimmunoassay. Free T3 resin uptoke is 
decreased, reflecting the elevated TBG, free T4 concentration is unaltered. c. Other binding proteins may be elevated in serum. 
d. Sex-binding globulins are increased and result in elevated levels of total circulating sex steroids and corticoids; however, 
free or biologically active levels remain unchanged. e. Triglycerides may be increased. f. Glucose tolerance may be decreased. 
g. Serum folate levels may be depressed by oral-contraceptive therapy. This may be of clinical significance if a woman becomes 
pregnant shortly after discontinuing oral contraceptives. 9. CARCINOGENESIS. See “Wamings” section. 10. PREGNANCY. Pregnancy 
Category X. See “Contraindications” and “Warnings” sections. 11. NURSING MOTHERS. Small amounts of oral-contraceptive 
steroids have been identified in the milk of nursing mothers and a few adverse effects on the child have been reported, including 
joundice and breast enlargement. In addition, oral contraceptives given in the postpartum period may interfere with lactation 
by decreasing the quantity and quality of breast milk. If possible, the nursing mother should be advised not to use oral con- 
traceptives but fo use other forms of contraception until she has completely weaned her child. 
Information for the Patient 
See Patient Labeling. 
Adverse Reactions 
An increased risk of the following serious adverse reactions has been associated with the use of oral contraceptives (see “Wamings” 
saction): thrombophlebitis, arterial thromboembolism, pulmonary embolism, myocardial infarction, cerebral hemorrhage, cerebral 
thrombosis, hypertension, gallbladder disease, hepatic adenomas or benign liver tumors. 
There is evidence of an association between the following conditions and the use of oral contraceptives, although additional 
confirmatory studies are needed: mesenteric thrombosis, retinal thrombosis. 
The following adverse reactions have been reported in patients receiving oral contraceptives and ore believed to be drug related: 
nausea; vomiting; gastrointestinal symptoms (such as abdominal cramps and bloating); breakthrough bleeding, spotting; change 
in menstrual flow; amenorrhea; temporary infertility after discontinuation of treatment; edema; melasma which moy persist; 
breast changes: tenderness, enlargement, secretion; change in weight (increase or decrease); change in cervical erosion and 
secretion; diminution in lactation when given immediately postpartum; cholestatic jaundice; migraine; rash (allergic); mental 
depression; reduced tolerance to carbohydrates; vaginal candidiasis; change in corneal curvature (steepening); intolerance 
to contact lenses. 
The foliowing adverse reactions have been reported in users of oral contraceptives and the association has been neither confirmed 
nor refuted: congenital anomalies, premenstrual syndrome, cataracts, optic neuritis, changes in appetite, cystitisike syndrome, 
headache, nervousness, dizziness, hirsutism, loss of scalp hair, erythema multiforme, cerebral-vascular disease with mitral valve 
prolapse, iupus-like syndromes, erythema nodosum, hemorrhagic eruption, vaginitis, porphyria, impaired renal function, hemolytic 
uremic syndrome, Budd-Chiari syndrome, acne, changes in libido, colitis, sickle-cell disease. 
Overdosage 
Serious ill effects have not been reported following acute ingestion of large doses of oral contraceptives by young children. 
Overdosage may cause nausea, and withdrawal bleeding may occur in females. 

Health Benefits 
The following noncontraceptive health benefits related to the use of oral contraceptives are supported by epidemiological 
studies which largely utilized oral-contraceptive formulations containing doses exceeding 0.035 mg of ethinyl estradiol or 0.05 
mg of mestranol. 
Effects on menses: increased menstrual cycle regularity, decreased blood loss and decreased incidence of iron-deficiency 
anemia, decreased incidence of dysmenorrhea. 
Effects related to inhibition of ovulation: decreased incidence of functional ovarian cysts, decreased incidence of ectopic preg- 
nancies. 
Effects from long-term use: decreased incidence of fibroadenomas and fibrocystic disease of the breast, decreased incidence 
of acute pelvic inflammatory disease, decreased incidence of endometrial cancer, decreased incidence of ovarian cancer. 
Dosage and Administration 
To acnieve maximum contraceptive effectiveness, TRI-LEVLEN® tablets (Levonorgestrel and Ethinyl Estradiol Tabiets—Triphasic 
Regimen) must be taken exactly as directed and at intervals not exceeding 24 hours. 


For full details on dosage and administration see prescribing information in package insert. 60627-0 5/90 
Dedicated to innovation in OB/GYN medicine 
® 
Berlex Laboratories, Wayne, New Jersey 07470 
© 1992, Berlex Laboratories. All rights reserved. 914300077 


Term birth after midtrimester hysterotomy and selective 


delivery of an acardiac twin 


Norman A. Ginsberg, MD, Michael Applebaum, MD, Steven A. Rabin, MD, 
Melissa A. Caffarelli, MS, Monika Kuuspalu, RT, RDMS, Jay L. Daskal, MD, 
Yury Verlinsky, PhD, Charles M. Strom, MD, PhD, and John J. Barton, MD 


Chicago, Illinois 


OBJECTIVE: Our aim was to determine whether hysterotomy and selective removal of an acardiac twin 


could improve the outcome of the “pump” twin. 


STUDY DESIGN: A literature and case review of the outcome of the acardiac twin malformation was 
performed. When an acardiac malformation was diagnosed at 19 weeks’ gestation the patient was 
monitored with weekly ultrasonographic examinations. At 23 weeks’ gestation, no blood flow could be 
demonstrated to the acardiac twin and it was thought that the continued presence of the acardiac twin 
posed a risk to the “pump” twin. A midtrimester hysterotomy was performed and the acardiac twin was 


delivered. 


RESULTS: After the midtrimester hysterotomy, the pregnancy progressed to term and a healthy female 
infant was delivered by elective cesarean section at 37 weeks’ gestation. 

CONCLUSION: Midtrimester hysterotomy may be a useful intervention in cases of twinning when one 
fetus is a threat to the health of the other. (Am J OssteT GYNECOL 1992;167:33-7.) 


Key words: Acardiac twin, fetal surgery, midtrimester hysterotomy, term delivery, acardiac 


in triplets 


The acardiac twin malformation has been reported 
to occur in | in 34,600 pregnancies and is unique to 
multiple gestations containing monozygotic twin pairs.’ 
The epidemiologic features of the acardiac deformity 
have been studied by James,” and his review of 340 
cases revealed that the complication occurs considera- 
bly more frequently among monoamniotic than diam- 
niotic monochorionic twins. Acardiac twins occur in 1% 
of monozygotic twins but three times more frequently 
in monozygotic twin pairs in higher-order multiple 
births. A slight female predominance has also been 
noted.'” 

Four morphologic types have been described by Na- 
politani and Schreiber”: (1) The condition is designated 
hemiacardius when the fetus has some rudimentary 
cranial structures. (2) Holoacardius acephalus is the 
most commonly described. These fetuses lack cranial 
and thoracic organs. Pelvic bones and lower extremities 
are well developed and upper extremities may or may 
not develop. (3) Holoacardius acormus is the rarest 
form and consists of a head without a body. (4) Holoa- 
cardius amorphus is the least-developed type with no 
recognizable human form. 
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The acardiac malformations are uniformly fatal in 
the affected twin, and mortality in the co-twin has been 
reported by Moore et al.* to be as high as 55%. Moore 
et al. tabulated the perinatal outcomes of 49 pregnan- 
cies complicated by the presence of acardiac twinning. 
The principal problems were congestive heart failure 
of the “pump” twin (nonacardiac twin), polyhydram- 
nios, and preterm labor. In that series therapeutic am- 
niocentesis was the only invasive form of management 
attempted. Their findings of 50% mortality provide a 
standard against which newer management schemes 
can be compared. Furthermore, only 25% of their preg- 
nancies progressed to term.’ 

Antenatal diagnosis of the condition by ultrasonog- 
raphy was first reported in 1978, allowing the first op- 
portunity to consider antepartum management of this 
condition.’ 

The described therapeutic management in cases of 
one acardiac twin diagnosed antenatally includes the 
following: (1) continuation of the pregnancy in the in- 
terest of the normal twin, (2) termination of the entire 
pregnancy in spite of the presence of one normal fetus, 
(3) selective delivery of the abnormal fetus,” (4) serial 
amniocentesis for treatment of polyhydramnios in the 
“pump twin,’ (5) maternal administration of digoxin in 
an effort to treat cardiac failure in the “pump” twin," 
and (6) placement of a thrombogenic coil to obstruct 


blood flow to the acardiac fetus. The use of the throm- - 


bogenic coil has been reported by Porreco et al.” in a 
case of occlusion of the umbilical artery of the acardiac 
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twin. The “pump” twin was delivered at 39 weeks and 
was healthy. Personal communication with a physician 
from Tokyo, Japan, on the use of the thrombogenic 
coil has shown somewhat disappointing results. He has 
treated four patients with this method and found it to 
be effective in only 50% of patients. In addition, he 
and others (personal communications) have found the 
obstruction created by the coil to be transient in some 
cases. 

Umbilical cord clamping via an intrauterine laparo- 
scopic procedure has been proposed and was planned 
for a patient who was delivered prematurely before the 
procedure could be performed.* 

Successful selective delivery of the acardiac twin via 
hysterotomy and continuation of the pregnancy with 
the viable fetus has been reported by Robie et al.° That 
pregnancy was delivered prematurely at 32 weeks. Our 
report describes hysterotomy and selective delivery of 
an acardiac twin, after which the pregnancy progressed 
to term before elective delivery was performed. The 
only other term delivery after a midtrimester hyster- 
otomy was performed by Beck et al.’ when one twin 
was removed because it was affected with Down syn- 
drome. 

First, we describe a case of a triplet pregnancy with 
an acardiac fetus, managed conservatively, in which the 
pump triplet died neonatally in spite of a near-term 
delivery. 


Case reports 


Case 1. A 20-year-old primigravid woman was re- 
ferred to our center at 28 weeks of gestation. The fun- 
dal height at that time measured 43 cm, and ultrason- 
ographic evaluation revealed a triplet gestation. Triplet 
A was in a cephalic presentation and was shown to be 
appropriate for gestational age at 28 weeks. Polyhy- 
dramnios was present. Triplet B was concordant with 
A and ina cephalic presentation. Amniotic fluid volume 
was normal. Triplet C was in a transverse lie in the 
fundus. The femur length of triplet C corresponded 
to 25 weeks’ gestation, and no thorax, upper extrem- 
ities, or head was present. This fetus shared a circu- 
lation with triplet A. Preterm labor began at 28 weeks, 
and successful tocolysis was achieved with magnesium 
sulfate. Later a switch was made to an oral B-adrenergic 
receptor agonist. At 34 weeks the patient presented 
with spontaneous rupture of membranes and in active 
labor; delivery was accomplished. Triplet A, the pump 
triplet, weighed 1630 gm and had Apgar scores of 8 
and 9 at | and 5 minutes, respectively. This triplet did 
well for the first 24 hours and then went into intractable 
heart failure and died. Autopsy of that neonate failed 
to reveal any structural cardiac abnormality other than 
massive cardiac dilatation as a secondary effect of heart 
failure. No other developmental anomalies were pres- 
ent. Triplet B had an uneventful neonatal course. 

Case 2. A 30-year woman, gravida 4, para 3-0-0-3, 
presented for her first prenatal visit at 14 weeks’ ges- 
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tation. The patient became extremely orthopneic and 
dyspneic at 19 weeks and was uncomfortable presum- 
ably because of polyhydramnios. Ultrasonographic ex- 
amination revealed a monochorionic, diamniotic twin 
gestation with an acardiac fetus approximately two 
thirds the size of the pump twin. The pregnancy was 
diamniotic, and polyhydramnios was seen in the sac of 
the pump twin only. The umbilical cord of the acardiac 
twin could be seen originating from a portion of the 
pump twin’s cord. Doppler flow studies demonstrated 
reversed flow in the acardiac twin’s umbilical cord. Al- 
ternatives of management presented to the patient in- 
cluded (1) termination of the entire pregnancy, (2) ex- 
pectant management, and (3) selective removal of the 
malformed fetus. The presence of an anterior placenta 
that covered the entire anterior surface of the uterus 
prevented the possibility of any percutaneous ap- 
proach. Although the thrombogenic coil has been men- 
tioned here, this case occurred before the report of the 
Porreco et al. appeared in the Lancet, and therefore 
that option was not offered to the patient. 

Both the institutional ethics committee and the in- 
sututional review board were convened, and they de- 
termined that if the pump twin became at significant 
risk selective removal of the acardiac twin would be 
appropriate. Amniocentesis was performed at the nine- 
teenth week of gestation for chromosomal evaluation 
and relief of the symptomatic polyhydramnios. Fluid 
rapidly reaccumulated after therapeutic amniocentesis 
at 19 weeks. It was our opinion that further therapeutic 
amniocentesis was not likely to be effective, in contrast 
to cases of twins with the twin-twin transfusion syn- 
drome, because the hemodynamic situations are vastly 
different. No further invasive procedures were at- 
tempted to preclude iatrogenic premature rupture of 
membranes. 

Karyotypic evaluation revealed that both twins had 
identical karyotypes with inversion of chromosome 
10:46,XX,inv(10)(p12q25). Further studies revealed 
that the mother and her two tested children carry the 
same inversion and were phenotypically normal. 

Weekly ultrasonographic examinations showed that, 
inspite of therapeutic amniocentesis, the polyhydram- 
nios progressively worsened. Evaluation at 23 weeks’ 
gestation demonstrated skin edema and total cessation 
of movements, as well as diminished blood flow in the 
cord of the acardiac twin. Two days later skin edema 
drastically worsened in the acardiac fetus, and flow 
through the umbilical cord could no longer be consis- 
tently demonstrated. There was concern regarding a 
dead twin in a monochorionic twin pregnancy. The 
institutional ethics committee and institutional review 
board were convened, and they determined that, be- 
cause of the risk to the pump twin, selective delivery 
of the acardiac fetus would be appropriate. 

The team was assembled in preparation for a hys- 
terotomy the following morning. Pretreatment with in- 
domethacin the night before was initiated. Enflurane 
was used to provide deep general anesthesia and fur- 
nish adequate uterine relaxation. Through a large mid- 
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line incision, the uterus was exteriorized to allow an 
approach to the posterior surface of the uterus. Sterile 
intraoperative ultrasonography was used both to de- 
termine the location for the uterine incision and to 
monitor the pump twin during the procedure. After 
the uterus was entered, the amniotic membrane was 
sutured to the incision line, and the acardiac fetus was 
then extracted. The umbilical cord of the abnormal 
twin was identified and tied off with Merseilene tape. 
The then-empty sac of the acardiac twin was instilled 
with warmed saline solution mixed with nafcillin. The 
uterus was then closed in layers after the application 
of fibrin glue to provide a watertight seal and control 
of hemostasis. Postmortem evaluation of the acardiac 
fetus revealed substantial edema in a female hemia- 
cardius. The umbilical cord demonstrated some throm- 
bosis. 

Postoperative care included the continuation of in- 
domethacin and magnesium sulfate until conversion to 
an oral B-adrenergic receptor agonist could be accom- 
plished. Uterine activity was minimal during the pa- 
tients entire postoperative course. The patient was dis- 
charged on the seventh postoperative day on a regimen 
of terbutaline and home uterine monitoring. 

The patient was examined weekly, and the polyhy- 
dramnios resolved along with the orthopnea. The re- 
maining fetus continued to develop normally, and the 
remainder of the patient’s prenatal course was com- 
pletely uneventful. At 38 weeks gestation, after an am- 
niocentesis was performed to assure pulmonary ma- 
turity, the fetus was electively delivered by cesarean 
section. Examination of the posterior surface of the 
uterus, at the site of the prior hysterotomy, showed a 
dense adhesion to a portion of small bowel. The myo- 
metrium was otherwise well healed and normal in ap- 
pearance. A female infant weighing 3040 gm was de- 
livered. The Apgar scores were 9 and 9 at 1 and 5 
minutes, respectively. The placenta was expressed out 
without difficulty, and the vascular anastomosis with 
the acardiac twin can be seen in Fig. |. Physical ex- 


amination of the infant was unremarkable except for 


a very small membranous ventricular-septal defect that 
has closed spontaneously. The mother had an unevent- 
ful postoperative recovery. The child is now 8 months 
old and is developing normally without any medical 
problems. 


Comment 

This case represents a term delivery after hysterot- 
omy as part of fetal therapy. The contemplation of open 
fetal surgery poses a dilemma from the physician’s per- 
spective with respect to the best way to balance the 
needs of the fetus and their implications for the mother. 
The use of open fetal surgery automatically commits 
the mother to two major operations, a hysterotomy fol- 
lowed by a cesarean section, with all of their potential 
associated morbidity. For these reasons case selection 1s 
especially important. 

The disease entity in which surgery is selected should 
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Fig. 1. Term placenta with cord insertion of acardiac twin. 


have a high likelihood of resulting in a functionally 
normal child and should have an otherwise dismal 
prognosis if treated by conventional noninvasive mea- 
sures. Toward this end, the fetus should be completely 
evaluated by both a chromosome analysis, because 
there are reported cases of chromosomal anomalies in 
the pump twin," and a detailed ultrasonographic study. 
Similarly, the mother must be prepared both physically 
and emotionally to cope with the restrictive postoper- 
ative prenatal care program that is essential to a suc- 
cessful outcome. 

The selection of acardiac twins as a model for open 
fetal surgery is appropriate for several reasons. Acar- 
diac twins, although a rare occurrence, have a 
large body of literature written about their natural out- 
come.'? Removal of the acardiac twin does not create 
an ethical dilemma because it cannot survive outside 
the uterus. The pump twin is generally normal and can 
be expected to function normally if it can be delivered 
as a mature fetus in good condition. Furthermore, pa- 
rameters have been developed to predict the likely con- 
sequences of nonintervention' and provide a data base 
from which conclusions on outcome can be drawn. In 
the series of Moore et al.* no invasive therapeutic mo- 
dalities were used other than amniocentesis to relieve 
polyhydramnios, which was performed in four of 49 
cases. Those authors described the relationship be- 


tween the weight of the acardiac twin and that of the 
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pump twin to predict the outcome. When the weight 
of the acardiac twin exceeded 70% of that of the pump 
twin, congestive heart failure developed in 100% of the 
pump twins. When the acardiac/pump twin ratio was 
=50%, 64% of the pump twins died. Hydramnios was 
strongly associated with preterm delivery and conges- 
tive heart failure. Eighty-two percent of patients with 
hydramnios experienced preterm labor, and conges- 
tive heart failure developed in 78%. When the acar- 
diac/pump twin ratio was =25%, the likelihood of ad- 
verse Outcome was very small. 

Deciding on the appropriate time to intervene in this 
case was based on several assumptions. It was our opin- 
ion that the pump twin was likely to fare better if sur- 
gery was performed before the fetus became hydropic. 
The experience of Platt et al.* suggests that surgery 
should be performed before the onset of premature 
labor, because once premature labor begins, it may not 
be possible to stop it. Anderson et al.’? and others have 
reported that death of one monozygotic twin may lead 
to disruptive structural defects in the central nervous 
system, gastrointestinal tract, renal system, and termi- 
nal limbs, as well as death, in its co-twin. The incidence 
of these complications has been reported as 46%." 

A longitudinal midline skin incision was used, rather 
than a transverse incision, which is generally used by 
Harrison (and his group” in San Francisco) to allow 
for easier exposure to the posterior surface of the 
uterus. The skin incision should not be allowed to com- 
promise the procedure for cosmetic reasons. 

Care was taken to plan the uterine incision as far 
away from the placental edge as possible and yet make 
it large enough to remove the acardiac twin without 
entering the sac of the pump twin. 

Monitoring the pump twin during the surgery pro- 
vides a unique problem since it is not readily accessible. 
This was done by continuous ultrasonographic visual- 
ization and with intermittent Doppler readings to mea- 
sure the systolic/diastolic ratio. Monitoring of the 
pump twin was done because there was concern that 
exteriorization of the uterus might compromise utero- 
placental blood flow or potentially compress the fetus 
against the umbilical cord. 

Reversed umbilical artery blood flow to the acardiac 
twin has been described by Pretorius et al., Kirkinen 
et al.,"° and Benson et al.” Different investigators have 
arrived at different conclusions in their study of um- 
bilical artery waveforms demonstrated in the twin ar- 
terial perfusion sequence. Farmakides et al.'* and 
Sherer et al. obtained discordant umbilical wave- 
forms, while Giles et al.*® determined that twin trans- 
fusion syndrome with discordant growth is associated 
with the presence of concordant waveforms. Cyclic al- 
terations of umbilical artery waveforms in a monocho- 
rionic gestation were described by Erskine et al.” Pre- 
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torius et al.” noted no consistent patterns of the um- 
bilical waveforms in eight cases of twin arterial 
perfusion sequence. Similarly, Neilson et al.” were un- 
able to discern any consistent pattern of umbilical artery 
waveforms resulting from vascular anastomoses in 
monochorionic gestations. In our case both reversed 
flow and discordant umbilical artery waveform patterns 
were present. 

The chorioamniotic membranes were handled in a 
different way than described by Robie et al.° The mem- 
branes were sutured to the hysterotomy incision line 
rather than being stapled. We chose to suture them to 
avoid being confined by the size of the staples. Chromic 
suture material rather than polyglycolic was used. 

Great care was taken to assure that no instruments 
placed on the uterine incision to control hemostasis ever 
incorporated any portion of the membranes. 

Fibrin glue was used to seal the chorioamniotic mem- 
branes against leakage. This substance was first used 
for this indication by Genz*™ in 1979, when he treated 
premature rupture of membranes at 16 and 23 weeks. 
Electron microscopy suggested that this substance pro- 
motes the regeneration of amniotic membrane at the 
site of the defect. Adamyan et al.” in their review of 
fibrin glue in obstetrics and gynecology have shown it 
to promote reparative regeneration and to decrease 
adhesion formation. We were impressed by the excel- 
lent hemostasis that could be achieved at the hyster- 
otomy site. 

One can only speculate what factors allowed this case 
to go to term, whereas most other cases of open fetal 
surgery have ended in premature labor. Several factors 
may be of significance, such as refilling the sac of the 
acardiac twin to let the uterus gradually decrease in size 
rather than abruptly. An additional advantage to re- 
filling the acardiac twin’s sac was to provide a liquid 
buffer at the hysterotomy site against the movements 
of the pump twin. Timing the surgery to occur before 
the pump twin was significantly compromised likely 
improved its ability to tolerate the stress of surgery. 
Having an established team specifically dedicated to 
performing this procedure facilitated a smooth flow 
from start to finish. Finally, having a highly motivated 
and compliant patient certainly contributed to our 
success. 

Aggressive surgical management can result in suc- 
cessful intervention in pregnancies where ultrasono- 
graphic monitoring indicates that a fetus is in imminent 
danger of significant morbidity or mortality as eluci- 
dated by Moore et al. When the acardiac/ pump twin 
ratio is =25%, conservative management generally will 
result in a term delivery without development of hy- 
drops. The first case presented illustrates that near- 
term delivery. is not the only criterion for a good out- 
come. The fetus must also be hemodynamically able to 
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withstand the change in circulation to an extrauterine 
environment. In those circumstances where surgery 
can correct the anatomic defect that cannot wait for 
delivery, patients should be referred to centers with 
experience in these techniques. Centralized referral of 
these rare cases is likely to improve the outcome and 
facilitate meaningful data collection on the safety of 
this kind of alternative. 


10. 
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Idiopathic myelofibrosis in pregnancy: A case report and 


review of the literature 


Udele B. Taylor MD, Arlene D. Bardeguez, MD, Nidia Iglesias, MD, and 


Pedro Gascon, MD, PhD 
Newark, New Jersey 


idiopathic myelofibrasis is a rare myeloproliferative disorder characterized by excessive accumulation of 
connective tissue in the bone marrow n association with anemia, splenomegaly, and extramedullary 
hematopoiesis. The cause of this disease is unknown, and the prognosis is generally poor. To our 
knowledge, this is the first case report of a patient with idiopathic myelofibrosis who carried a term 
pregnancy. In spite of the increased perinatal risks, a favorable outcome was possible with close 


antepartum surveillance. (AM J Osstet GYNECOL 1992;167:38-9.) 


Key words: Idiopathic myelofibrosis 


Myelofibrosis is a myeloproliferative disorder char- 
acterized by an abnormal accumulation of connective 
tissue in the bone marrow, extramedullary hemato- 
poiesis, and leukoerythroblastic anemia. The cause of 
this disease is unknown,' and in the absence of an un- 
derlying malignant process the term idiopathic myelo- 
fibrosis is used.? 

The signs and symptoms are often vague; therefore 
definitive diagnosis requires a kone marrow biopsy. 
The prognosis for these patients is extremely poor, with 
a 5-year survival of 9 to 30 months, often complicated 
by infections, cardiovascular diseases, and thrombo- 
hemorrhagic events.” The physiologic alterations of 
pregnancy may further complicate the clinical course 
of patients with idiopathic myelofibrosis. These patients 
are therefore at increased risk for poor perinatal 
outcome. 

To our knowledge, our report describes the first pa- 
tient with primary myelofibrosis who was delivered of 
a term infant and includes our recommendations for 
a multidisciplinary approach and close antepartum sur- 
veillance of these pregnancies. 


Case report 


A 23-year-old primiparous woman was referred to 
University Hospital for prenatal care at 15 weeks’ ges- 
tation. Her medical history was significant for idio- 
pathic myelofibrosis with diffuse osteosclerosis diag- 
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nosed 3 years before this pregnancy. Her history was 
also significant for a leukoagg-utinin reaction to a 
packed red blood cell transfusion in 1988. The family 
history was significant for myelofibrosis in her brother. 
Management by hematologists had been supportive be- 
fore this pregnancy, with the use of hematinics and 
analgesics for joint pain. 

On physical examination she was noted to have mild 
splenomegaly. Ultrasonography revealed a single ap- 
propriate-for-gestational-age fetus. Laboratory workup 
showed white blood cell count 5600/mm*, hemoglobin 
6.4 gm/dl, hematocrit 21.8%, and platelet count 88,000 
pm/L. Anemia workup revealed a normochromic, nor- 
mocytic pattern. The reticulocyte count was in the nor- 
mal range, but an elevated serum erythropoietin level 
of 2140 mU/ml (normal <19 mU/ml) was observed. 

The patient’s constitutional symptoms (joint pain) did 
not worsen during pregnancy. Tae lowest hematologic 
parameters were at 28 weeks’ gestation with hemoglo- 
bin 6.3 gm/dl, hematocrit 19.2%, and platelet count 
88,000 pm/L. Fetal growth: wes adequate as docu- 
mented by serial ultrasonography, and all studies of 
fetal well-being were normal. After fetal lung maturity 
was documented, elective induction of labor was per- 
formed at 36 weeks, followed by spontaneous vaginal 
delivery of a 3100 gm female infant, with Apgar scores 
of 8 and 9 at I and 5 minutes, respectively. The neo- 
nate’s nursery course was uncomplicated. The patient 
is currently undergoing management of her case by 
her hematologist 1 year after delivery without wors- 
ening disease. 


Comment 


Myelofibrosis was first described in 1879 by Hueck. 
Theories proposed to explain the cause of idiopathic 
mvelofibrosis suggest that the disease occurs as a result 
of the bone marrow’s reaction to neoplastic invasion, 
viruses, toxins, ionizing radiation, or chemotherapeutic 
agents." ? Although there is no known pattern of in- 
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heritance for the disease, karyotypic abnormalities 
among affected individuals suggest a genetic basis.’ In 
our case, the patient’s brother was diagnosed with the 
same disease 2 years earlier. me 

Although many patients with idiopathic myelo- 
fibrosis may be asymptomatic at the time of diagnosis, 
some are seen with fatigue, weight loss, dyspnea, and 
fever.” The most common medical complications noted 
in idiopathic myelofibrosis patients are infections 
(63%), cardiovascular disease (59%), and thrombo- 
hemorrhagic complications (49%).? 

Therapy for asymptomatic individuals is generally 
supportive. Bone marrow transplantation, splenec- 
tomy, androgens, and chemotherapy have been used 
to treat some individuals with limited success.’ Recently, 
a-interferon and erythropoietin have been recom- 
mended by some investigators. The elevated level of 
erythropoietin in our patient eliminated its potential 
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use as an alternative treatment. The prophylactic use 
of blood transfusions has been recommended for some 
patients with chronic anemia; however, this does not 
generally improve perinatal outcome. 

In summary, patients with idiopathic myelofibrosis 
should be carefully monitored during pregnancy for 
maternal and fetal well-being. Our experience showed 
that a favorable outcome is possible with close ante- 
partum surveillance. However, the long-term prognosis 
of an intercurrent pregnancy on this disease is un- 
certain. 
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Oral contraceptive use and the incidence. of cervical 


intraepithelial neoplasia 


Inger T. Gram, MD, Maurizio Macaluso, MD, DrPH, and Helge Stalsberg, MD” 


Tromsö, Norway, and Birmingham, Alabama 


OBJECTIVE: Our objective was to examine the relationship between oral contraceptive use and the 


incidence of cervical intraepithelial neoplasia. 


STUDY DESIGN: In a prospective follow-up study of 6622 women participating in the Second Tromsö 
Study conducted in 1979 and 1980 in Tromsö, Norway, wonen aged 20 to 49 years answered a 
questionnaire regarding their smoking history, dietary habits, alcohol consumption, and oral contraceptive 
use. They were then followed for 10 years with data from the Pathology Registry of the University Hospizal. 
RESULTS: The age-adjusted incidence rate of cervical intraepithelial neoplasia was 897 per 100,000 
person years among noncurrent and 1295 per 100,000 person years among current oral contraceptive 
users as of 1979. After adjusting for age, marital status, smoking, and frequency of alcohol intoxication the 
relative rate for current users was 1.5 (95% confidence interval 1.1 to 2.1), and the relative rate for past 
users was 1.4 (95% confidence interval 1.0 to 1.8), as compared with those who had never used oral 


contraceptives before 1979. 


CONCLUSION: These findings support the hypothesis that the occurrence of cervical intraepithelial 
neoplasia is increased by oral contraceptive use. (Am J OssteT GYNECOL 1992;167:40-4.) 


Key words: Oral contraceptives, cervical dysplasia, follow-up studies, Norway, cervical 


neoplasms 


In two extensive reviews it was concluded that a weak 
positive association seems to be emerging between oral 
contraceptive use and the risk of cervical neo- 
plasia but that this association may be due to bias and 
confounding."? The relationship remains controversial 
because recent epidemiologic studies continue to vield 
conflicting results.*’ It has beer. proposed that the find- 


ings of positive studies reflect enhanced detection of 


cervical intraepithelial neoplasia among oral contra- 
ceptive users rather than a causal association.’ 

We observed that among women who participated in 
the Second Tromsö Study and who were current oral 
contraceptive users as of 1979, grade 3 cervical intra- 
epithelial neoplasia incidence during the following 10 
years was 1.4 times higher than among nonusers.’ Al- 
though this increased incidence among oral contracep- 
tive users was not explained by confounding factors 
such as cigarette smoking or the number of cytologic 
examinations (Papanicolaou smears), it lacked statistical 
significance. In this report we expand the previous 
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analysis by evaluating the relationship between oral 
contraceptive use and all cervical intraepithelial neo- 
plasia grades and by adding information from the 


Third Tromsö Study. 


Material and methods 


Between 1979 and 1980 all women (n = 9906) aged 
20 through 49 years and all men (n = 11,423) aged 20 
through 54 years living in the municipality of Tromsö 
were invited to participate in tae Second Tromsö Study. 
Complete details of the study methods are given else- 
where.” The participants filled out one questionnaire 
at the screening facility and another at home. The first 
questionnaire concerned disease history and aspects of 
living habits, including cigarette smoking and oral con- 
traceptive use. The second questionnaire elicited in- 
formation on dietary habits. alcohol and coffee con- 
sumption, previous diseases, and social and psychologic 
conditions. The participants were instructed to return 
this questionnaire by mail. The Third Tromsö Studv 
was conducted in 1986 and 1987. At this survey the 
questionnaires were modified to add information on 
use and duration of oral contraceptives and intrauter- 
ine contraceptive devices, age at first marriage or co- 
habitation, and age at first pregnancy." 

Women participating in the Second Tromsö Study 
(n = 8134) with no history cf the disease were followed 
for the development of Cervical intraepithelial neopla- 
sia or cervical cancer. The follow-up was made possible 


_by linkage of their national personal identification 
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numbers with the computerized information in the Pa- 
thology Registry of the University Hospital in Tromsö. 
This registry provides complete records of all cytologic 
and histologic diagnoses made in the county where 
Tromsö is located. Altogether 7838 (96%) women from 
the Second Tromsö Study had a cervical specimen re- 
corded in the registry during 1980 through 1989. 

Criteria for inclusion in the analytic cohort were (1) 
no diagnosis of cervical intraepithelial neoplasia or can- 
cer of the cervix before Jan. 1, 1980, and (2) at least 
one normal cervical specimen within 3 years before 
enrollment in the Second Tromsö Study or after en- 
rollment. Excluded from follow-up were 528 women 
who had a diagnosis of cervical intraepithelial neoplasia 
or invasive cancer of the cervix before enrollment or 
as their first cervical specimen recorded in the registry. 
Follow-up began on Dec. 31, 1979, for 5415 women 
who had a normal specimen during the previous 3 years 
and on the date of the first normal specimen recorded 
for the remaining 1895 women. However, 688 women 
had no subsequent specimens and contributed no in- 
formation to the follow-up study. Thus the analysis is 
restricted to 6622 women (81% of all participants in 
the Second Tromsö Study). Follow-up ended on the 
date of diagnosis of cervical intraepithelial neoplasia, 
autopsy or hysterectomy, or their last cervical specimen, 
whichever was earliest. 

Incident cervical intraepithelial neoplasia cases were 
classified according to the first diagnosis. Thus, if dur- 
ing the study period a woman had a first diagnosis of 
grade | disease that later progressed to grade 3, she 
was counted only once as a grade 1 case. 

Person years of follow-up were assigned to categories 
of potential determinants of risk for cervical intraepi- 
thelial neoplasia. Incidence rates were computed by 
dividing the number of cases by the number of person 
years in that category. Age-adjusted rates were calcu- 
lated by the direct method, using the age distribution 
of person-years in the entire analytic cohort as the stan- 
dard." Data analysis included an evaluation of inci- 
dence rates by age, marital status, education, age at first 
pregnancy, age at first marriage or cohabitation, fre- 
quency of fruit and vegetable consumption, frequency 
of fish consumption, frequency of drunkenness, ciga- 
rette smoking, number of specimens, and time between 
specimens. Cases and person years were classified into 
current and noncurrent oral contraceptive users as of 
1979 on the basis of information obtained from the 
Second Tromsö Study. More detailed information on 
the history of oral contraceptive use was available for 
4912 (74%) who also participated in the Third Tromsö 
Study. Data from the third study were used to ascertain 
whether women who were nonusers at the time of en- 
rollment into the second study had ever used oral con- 
traceptives before that date (past users). Thus cases and 
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person years were reclassified into never users, past 
users, and current users. Women from the Second 
Tromsö Study who were noncurrent users at enroll- 
ment and who did not participate in the third study 
were classified as “other noncurrent users.” It is likely 
that this group is a mixture of never and past users. 

The relative rate was used to compare category-spe- 
cific incidence rates. Relative rates were also estimated 
with the Cox proportional hazards regression model to 
adjust simultaneously for the effects of several potential 
confounders. The follow-up experience of subjects 
was analyzed by blocking on the number of specimens 
(one or two, three or four, five or six, seven or more) 
that they had accumulated during the follow-up period. 
This blocking was done because the likelihood that a 
diagnosis of cervical intraepithelial neoplasia is made 
during the observation period increases with more fre- 
quent screening. However, the results did not change 
materially whether the analysis was performed without 
the blocking factor or by including the number of spec- 
imens as covariates. 

Poisson regression models were also used to obtain 
relative rate estimates adjusted for time between 
screens (and the confounding variables included in the 
proportional hazards model) and to evaluate interac- 
tion among potential risk factors. The significance of 
a trend in the incidence of cervical intraepithelial neo- 
plasia with increasing levels of a factor was evaluated 
by assigning equally spaced ordinal scores to categories 
of the factor and including the score as a continuous 
variable in a Poisson regression model.'* Multiplicative 
terms between oral contraceptive use and possible con- 
founders were included in the model to evaluate in- 
teraction. 

Results were considered statistically significant if the 
p value was =0.05. The 95% confidence intervals are 
reported throughout the paper. The proportional haz- 
ards regression analyses were performed with the 
PHGLM procedure of the SAS statistical package.” 
The Poisson regression analyses were performed with 
the EGRET statistical package.’® 


Results 


During the 43,316 person years of observation, 401 
incident cases (354 women with grade 1 or 2 cervical 
intraepithelial neoplasia as their first abnormal diag- 
nosis, 44 with grade 3 cervical intraepithelial neoplasia, 
and three with cervical cancer) were identified. These 
women are included in all analyses. We note that in- 
clusion of only the 354 women with grade 1 or 2 cervical 
intraepithelial neoplasia in the analysis did not change 
the results materially. . 

Seventy percent of the women were married, their 
median years of schooling were 11 (7 to 23), and at the 
beginning of the follow-up their median age was 31 (20 
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Table I. Distribution of study subjects 

‘according to selected characteristics and 
prevalence of current oral contraceptive use in 
a cohort of 6622 women, Tromsé, Norway, 
1980 through 1989 


Prevalence of 
current® oral 
contraceptive use 












Cohort 
(n = 6622) 





Characteristics 





Age (yr) 
20-24 1132 21 
25-29 1451 ` 1] 
30-34 1474 . 7 
35-39 1124 5 
40-44 789 3 
45-49 | 65g l 
Marital status 
Married 4578 6 
Divorced or wid- 426 9 
owed 
Single 1581 17 
Smoking status 
Never 2247 7 
Past . 129] 8 
Current 3084 li 
Intoxication by alcohol 
Never 2879 6 
Less than monthly 2463 12 
Monthly or more 452 14 
*As of 1979. 


to 64) years. Only 9% of the women were current oral 
contraceptive users in 1979 and 1980. 

For never, past, and current oral contraceptive users 
the mean follow-up time was 7 years and the average 
number of specimens obtained was five. The women 
who were noncurrent users ir 1979 with missing in- 
formation on ever use (women who did not participate 
in the Third Tromsö Study in 1986 and 1987) had an 
average number of four specimens obtained during the 
mean follow-up period of 5 years. 

Prevalence of oral contraceptive use was higher 
among women of young age, among unmarried 
women, among cigarette smokers, and among women 
reporting frequent intoxication by alcoho] (Table I). 
The relative rate estimates of cervical intraepitrelial 
neoplasia from the proportional hazards regression 
models show that these women also have a significantly 
increased risk for cervical intraepithelial neoplasia 
(Table II). Thus each of these factors was considered 
a potential confounder of the oral contraceptive —cer- 
vical intraepithelial neoplasia association, and adjust- 
ment was made for each in a multivariate proportional 
hazards model. No meaningful associations were Found 
between cervical intraepithelial neoplasia and years of 
schooling, fruit and vegetable consumption, or fish con- 
sumption. | 

The age-adjusted incidence rate of cervical irtraep- 
ithelial neoplasia was 897 per 100,000 person years 
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Table II. Multivariate” relative rate estimates 
of cervical intraepithelial neoplasia with 95% 
confidence interval, according to selected 
characteristics, in a cohort of 6622 women, 
Tromsö, Norway, 1980 through 1989 

Marital status 


Relative | 95% Confidence 
rare inierval 
Married 


l 

Divorced or widowed E 
Single 1 
Smoking status 

Never l 

Past i: 

Current l 
Frequency of intoxication 

by alcohol 

Never 1.0 

Less than monthly 1.4 l. 

Monthly or more 1.9 l 


Characteristic 


*Based on 348 cases from Cox proportional hazards model 
with age group, marital status, smoking status, frequency of 
intoxication by alcohol, and oral contraceptive use blocking 
for number of specimens. 


among noncurrent and 1295 per 100,000 person years 
among current oral contraceptive users as of 1979 
(p = 0.05). A multivariate proportional hazards regres- 
sion model on 348 cases with complete information on 
potential confounders (age in 5-year groups, marital 
status [marnied, divorced-widowed, single], smoking 
status [never, past, current], frequency of intoxication 
by alcohol [never, less than monthly, monthly or more]) 
yielded increased relative rate estimates of cervical in- 
traepithelial neoplasia among noncurrent, past, and 
current oral contraceptive users as of 1979 as compared 
with never users. Women starting at an earlier age were 
at an increased risk as compared with those starting 
later. An ordinal trend test across the four categories 
for age started oral contraceptive use yielded a p value 
of 0.05 (Table III). 

Women who married or cohabited for the first time 
at a young age had an increased risk for cervical intra- 
epithelial neoplasia. This association was, however, ex- 
plained by marital status. Neither did ever using intra- 
uterine contraceptive devices or age started intrauter- 
ine contraceptive device use explain the oral 
contraceptive—cervical intraepithelial neoplasia associ- 
ation reported. ` 

None of the two-way interaction terms between oral 
contraceptive use and age, marital status, smoking, 
drunkenness, time between screens, and number of 
screens was Statistically significant or meaningfully af- 
fected the relative rates presented above. 


Comment 


The results of this follow-up study suggest that both 
current and past oral contreceptive users experience a 
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Table ITI. Multivariate relative rate estimates 

of cervical intraepithelial neoplasia according 

to various measures of oral contraceptive use 

in a cohort of 6622 women, Tromsö, Norway, 
1980 through 1989 


Oral contraceptive Relative 
use risk? 


95% Confidence 
interval 


Never 1.0 
No informationt 1.3 
Past - 1.4 
Current 1.5 
Age started, ever users 
>24 yr 1.1 0.7-1.8 
20-24 yr 1.5 1.1-2.0 
<20 yr 1.3 0.9-1.9 


*Based on 348 cases from Cox proportional hazards model 
with age group, marital status, smoking status, frequency of 
intoxication by alcohol, and oral contraceptive use blocking 
for number of specimens. 


tThese women were noncurrent users in 1979, missing in- 
formation on ever use. 


{Based on 242 cases from Cox proportional hazards model 
with complete covariate information. Trend test with four 
levels (never, three categories with age started oral contracep- 
tive use), p = 0.05. 


higher incidence of cervical intraepithelial neoplasia 
than do those who never used oral contraceptives. This 
finding is similar to those of four™™ of five previous 
follow-up studies’”*! that evaluated the oral contracep- 
tive—cervical intraepithelial neoplasia hypothesis. 

The present study also suggests a relationship be- 
tween age at start of oral contraceptive use and cervical 
intraepithelial neoplasia incidence. This association 
may in fact reflect an increasing trend of cervical in- 
traepithelial neoplasia incidence with duration of oral 
contraceptive use. Three of the previously mentioned 
follow-up studies found a trend of increasing incidence 
with duration of oral contraceptive use.'77° 

A major strength of this study is that it originates 
from a population-based survey with a high attendance 
rate. Thus the women constituting the cohort should 
be fairly representative of all women of similar age in 
the region. Strengths related to the prospective follow- 
up design are that women were known to be free of 
cervical intraepithelial neoplasia at enrollment and in- 
formation on potential risk factors was collected before 
diagnosis. The oral contraceptive use among subjects 
was ascertained before outcome and hence is not sub- 
ject to differential anamnestic bias, which may affect 
the results of case-control studies. Another strength of 
this study is the ability to control for confounding vari- 
ables such as marital status, smoking status, and 
freqency of drunkenness. Because the number of Pa- 
panicolaou smears and the time between smears were 
also controlled for, it is unlikely that our results are 
explained by detection bias. 
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On the other hand, misclassification may result from 
higher rates of false-positive tests (from higher inci- 
dence of vaginal infections and cervical erosions) in oral 
contraceptive users. This misclassification would result 
in a spuriously high incidence of low-grade lesions 
(grade 1). We found that the incidence of grade 3 also 
was increased among oral contraceptive users.’ Also, 
the excess cervical intraepithelial neoplasia incidence 
should be experienced only by current users, whereas 
incidence is increased among past oral contraceptive 
users. 

The most important limitation of this study is the 
lack of information on sexual behavior. As in the other 
follow-up studies, it was not feasible to collect such data. 
However, it is likely that this source of confounding 
was partially controlled for in the analysis by adjusting 
for marital status and frequency of drunkenness. In- 
formation on sexual behavior is easier to collect in case- 
control] studies. Two recent case-control studies found 
a positive association between oral contraceptive use 
and cervical intraepithelial neoplasia after controlling 
for number of sexual partners.®’ 

In conclusion, the current study supports the hy- 
pothesis that the occurrence of cervical intraepithelial 
neoplasia is increased by oral contraceptive use. 
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Calcium homeostasis in pregnant women receiving long-term 
aiagnesium sulfate therapy for piee labor 


Leon G. Smith, Jr., MD; Pamela A. Burns, RN and Richard J. Schanler, MD”* 


Houston, Texas 


OBJECTIVES: The hypothesis of this study is that calcium homeostasis and bone mineralization are 
altered in pregnant women receiving long-term therapy with magnesium sulfate as compared with similar 


women not receiving magnesium sulfate to control preterm labor. 


STUDY DESIGN: Thirty-nine women between 24 and 32 weeks’ gestation, matched for age, race, and 
duration of bed rest, were enrolled. Indices of calcium homeostasis in serum and urine were measured 
serially, and bone mineralization of the distal radius was measured at 1 and 11 weeks post partum. 
RESULTS: Magnesium therapy was administered for a mean duration of 26 + 14 days and a cumulative 
dose of 1405 + 963 gm. Serum concentrations of magnesium, phosphorus, and parathyroid hormone 
increased and those of calcium decreased from baseline values in the magnesium sulfate group and 
remained uniform throughout the 3-week investigation. The serum magnesium, phosphorus, parathyroid 
hormone, and calcium concentrations in the control group were unchanged during the study and differed 
significantly from those in the magnesium sulfate group {p < 0.001). Urinary output of magnesium, 
calcium, and copper was significantly greater in the magnesium sulfate group than in the control group 
throughout the study. Urinary losses of calcium in the magnesium sulfate group, approximately 800 to 900 
mg/day, were substantial. Although radius bone density 1 week post partum cid not differ between groups, 
the change in bone density from 1 to 11 weeks post partum was significantly lower in the magnesium 


sulfate group than in controis. 


CONCLUSIONS: These data suggest that calcium homeostasis is altered during and after long-term 
magnesium sulfate therapy. The marked, prolonged urinary calcium losses may affect maternal bone 


mineralization. (Am J Osstet GyYNecot 1992;167:45-51.) 


Key words: Magnesium sulfate, calcium metabolism, bone mineralization 


Tocolytic therapy with magnesium sulfate was orig- 
inally proposed for 24 to 72 hours to delay preterm 
delivery until either the maximal effect of maternal 
glucocorticoid treatment on fetal lung maturation was 
achieved or $-sympathomimetic therapy was substi- 
tuted.' This short-term MgSO, therapy is known to 
perturb calcium homeostasis, causing such imbalances 
as hypocalcemia and hypercalciuria.*° These effects, 
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reported in women with either pregnancy-induced hy- 
pertension or preterm labor, are reversible when 
MgSO, therapy is discontinued.* 4 

Long-term MgSO, tocolytic therapy recently has 
been described as safe and effective.® Tertiary care cen- 
ters have adopted protocols for administering long- 
term MgSO, to delay preterm birth.” Scant published 
information exists regarding the effects of long-term 
MgSO, therapy on maternal calcium homeostasis. Two 
case reports raised concern about the safety of this ther- 
apy.° Lamm et al.* reported on two newborn infants 
with metaphyseal lesions after 9 and 13 weeks, respec- 
tively, of maternal antenatal MgSO, therapy. Both in- 
fants manifested hypocalcemia and were considered by 
the authors to have congenital rickets. Cumming and 
Thomas’ reported on an infant who had a discrete band 
of osteopenic metaphyseal bone. The infant, born to a 
mother receiving MgSO, for 13 weeks before delivery, 
had a normal serum calcium concentration and did not 
have rickets. The observations are consistent with ex- 


_ periments in vitro in which excess magnesium inhibits 


calcification of osteoid.!° Maternal bone mineral ab- 
normalities after long-term MgSO, therapy, however, 
have not been reported. 

The cumulative effects of long-term MgSO, therapy 


45 
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may differ quantitatively from the effects of short-term 
therapy. We hypothesize that because maternal calcium 
homeostasis may not adapt during long-term MgSO, 
therapy, metabolic perturbations could be detrimental 
to the mother. The objective of our study was to mea- 
sure indices of calcium homeostasis and bone miner- 
alization in hospitalized pregnant women in preterm 
labor receiving long-term MgSO, therapy. 


Material and methods 


Subject population. Pregnant women admitted to the 
labor and delivery units at St. Luke’s Episcopal Hospital 
and The Methodist Hospital between 24 and 32 weeks’ 
gestation were enrolled after informed written consent 
was obtained by one of the investigators. The MgSO, 
group comprised women in preterm labor in whom 
intravenous therapy with magnesium sulfate for more 
than 1 week and strict bed rest were anticipated. A 
control population, in which MgSO, was not used, com- 
prised similar women in whom strict bed rest was an- 
ticipated for the obstetric indication of either placenta 
previa or preterm labor. Subjects were between 18 and 
40 years of age; were free of systemic illness, chorioam- 
nionitis, and medications known to affect calcium me- 
tabolism (e.g., diuretics, heparin, or anticonvulsants}; 
and were not known to have fetal malformations or 
growth retardation. Groups also were matched for race 
and multiple gestations. The protocol was modified to 
exclude postpartum measurements of bone indices for 
subjects if MgSO, therapy was discontinued >1 week 
before delivery or if delivery occurred beyond 34 
weeks’ gestation. The protocol was approved by the 
institutional review boards for human research at the 
respective institutions. 

The choice of tocolytic therapy was made by the at- 
tending obstetrician. MgSO, was administered as an 
intravenous loading dose of 6 gm over 30 minutes, 
followed by a maintenance dose of 2 gm/hr. The 
MgSO, infusion was titrated from 1.5 to 3.5 gm/hr, 
depending on uterine activity. 

Study design. There were three sections of the study: 
measurements of indices of calcium homeostasis in se- 
rum, urine, and bone. Baseline (pre-MgSO, therapy or 
at enrollment in the control group) and weekly blood 
samples were obtained for analyses of magnesium, total 
and ionized calcium, phosphorus, parathyroid hor- 
mone, osteocalcin, alkaline phosphatase activity, albu- 
min, and vitamin D metabolites. At the end of each 
week! urine was collected for 24 hours for the analyses 
of Mg, Ca, P, zinc, copper, hydroxyproline, and cre- 
atinine. Bone mineral content of the nondominant dis- 
tal radius was measured 1 week post partum and at 
term-equivalent age (approximately 2 to 3 months post 
partum). Subjects maintained an activity diary through- 
out the hospitalization to assess the percentage of each 
day spent at bed rest. 
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Analytic methods. Magnesium, Ca, P, and creatinine 
in the serum and urine and alkaline phosphatase ac- 
tivity and albumin in serum were measured with co- 
lorimetric assays of the Cobas Fara autoanalyzer (Roche 
Diagnostics, Nutley, N.J.). Serum ionized calcium was 
measured by an ion selective electrode (Radiometer 
Corp., Copenhagen). Urinary Zn and Cu were deter- 
mined by atomic absorption spectrophotometry. Uri- 
nary hydroxyproline was determined with a Beckman 
System 6300 amino acid analyzer (Beckman Instru- 
ments, Inc., Palo Alto, Calif.) Radioimmunoassays 
were used to measure serum micmolecule parathyroid 
hormone and osteocalcin (INCSTAR, Sullwater, 
Minn.), 25-hydroxyvitamin D (Nichols Institute, San 
Juan Capistrano, Calif.) and 1,25-dihydroxvvitamin 
D.'? Bone mineral content of the nondominant distal 
third of the radius was measured by single-photon ab- 
sorptiometry (SP-2 scanner, Lunar Radiation Corp., 
Madison, Wis.). 

Statistical analyses. Subject characteristics were an- 
alyzed by Student ¢ test. The x? and Fisher exact anal- 
yses were used to test dichotomous variables. The data 
were analyzed by repeated measures analysis of vari- 
ance. Although some subjects were studied beyond 4 
weeks, because of the dropou: rate, only the first 3 
weeks’ data were tabulated. Average values for weekly 
(weeks 1 to 3) samples were reported when no changes 
were observed in repeated measurements over time. 
Regression analysis was used to investigate relationships 
between dependent and independent variables. The 
sample size was selected to detect a difference of 1 SD 
in outcome measures with a type I error of 0.05 anda 
power of 0.80. Data are tabulated as mean + SD unless 
indicated otherwise. 


Results 


The characteristics of the 20 subjects in the MgSO, 
group and the 19 subjects in the control group were 
similar with respect to maternel age, parity, number of 
multiple gestations, racial distribution, length of ges- 
tation at enrollment and delivery, percentage of time 
at strict bed rest, and maternal anthropometric indices 
at delivery (Table I). Antenatzl glucocorticoid therapy 
was used in 80% of the MgSO, group and 74% of the 
control group (p > 0.10). Premature rupture of mem- 
branes was documented in 50% of the MgSO, group 
and 32% of the control group (p > 0.1). Therapy with 
B-sympathomimetic agents was administered to 65% of 
MgSO, and 42% of control subjects (p > 9.05). The 
groups were distributed similarly with respect to season 
of enrollment. The mean duration of MgSO, therapy 
was 26 + 14 days with a range of 8 to 63 days. The 
mean cumulative MgSO, dosage was 1405 + 963 gm 
(range 342 to 4542 gm). The control group was hos- 
pitalized for 21 + 14 days (range 7 to 56 days). The 
incidence and duration of lactation were similar be- 
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tween groups (median 5.5 weeks, range 0 to 36 weeks). 
Because of the study design and the right of subject 
refusal, some women participated in only two of the 
three sections of the study. Subject characteristics were 
similar between groups and resembled those of 
subgroups from the overall study population in whom 
serum (n = 32), urine (n = 27), or bone (n = 26) in- 
dices were measured. 

Baseline serum Mg, total Ca, and P concentrations 


were similar between groups (Fig. 1). Serum Mg con- ` 


centrations increased from baseline nearly threefold in 
the MgSO, group and were significantly greater in the 
MgSO, group than in the control group during 3 weeks 
of study (p < 0.001 by repeated measures analysis of 
variance). Serum concentrations of P increased and to- 
tal Ca decreased in the MgSO, group from baseline, 
and each differed significantly between groups during 
3 weeks of study (p < 0.001 by repeated measures anal- 
ysis of variance for each). Serum concentrations of ion- 
ized Ca were similar at baseline (average 5.04 + 0.08 
mg/dl) in both groups. When measured at week 2 of 
study, serum concentrations of ionized Ca declined sig- 
nificantly in the MgSO, group (4.16 + 0.44 mg/dl, 
p = 0.006) but remained unchanged in the control 
group. The serum total and ionized Ca concentrations 
were correlated (r = 0.94, p < 0.001); the decline in 
total Ca was attributed to the change in the ionized Ca 
fraction. 

Serum parathyroid hormone concentrations were 
similar between groups at baseline. Serum parathyroid 
hormone concentrations increased from baseline in the 
MgSO, group and were significantly greater than those 
of the control group during the 3-week study 
(p < 0.001 by repeated measures analysis of variance, 
Fig. 2). Changes in parathyroid hormone concentra- 
tions from baseline were negatively correlated with 
changes in serum Ca concentrations (r = —0.57, 
p = 0.002); correlations with changes in serum Mg con- 
centrations (r = 0.31, p = 0.1) did not reach statistical 
significance at the 0.05 level. 

Serum osteocalcin concentrations were similar be- 
tween groups; both groups had an increase from base- 
line (0.9 + 1.5) to week 3 (1.2 + 1.5 ng/ml, p = 0.03). 
Serum concentrations at baseline and during the 3- 
week study were similar between groups and over time 
for albumin (average of baseline and weekly concen- 
trations, 3.0 + 0.3 gm/dl), alkaline phosphatase ac- 
tivity (117 + 56 IU/L}, 25-hydroxyvitamin D (30 + 
16 ng/ml), and 1,25-dihydroxyvitamin D (56 + 15 
pg/ml). Serum concentrations of 25-hydroxyvitamin D 
did not change during the study interval but manifested 
significant seasonal variability. Greater concentrations 
of 25-hydroxyvitamin D were observed during summer 
(44+ Ii ng/ml) than winter (22 + 13 ng/ml, 
p = 0.002) months. 

The 24-hour urinary excretion of Mg, Ca, P, Zn, Cu, 
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Table I. Characteristics of subjects 










Control 


Characteristic (m = 19) 





29 + 6 
1 (0-2) 


29 +5 
1 (0-3) 
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Age (yr) 
Median parity (range) 
Multiple gestation (No.) 
Race 

White 

Black 

Hispanic 
Entry gestation (wk) 
Delivery gestation (wk) 
Time on bed rest (%) 
Body weight at delivery (kg) 
Maternal height (cm) 
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hydroxyproline, and creatinine did not change during 
the 3-week study. The average value derived from the 
three weekly measurements of urinary Mg, Ca, and Cu 
output differed significantly between groups (Table I). 
There was nearly a threefold greater urinary output of 
Mg and Ca in the MgSO, group than in the control 
group. Creatinine clearance was similar between 
MgSO, and control groups (126 + 42 vs 136 + 
35 ml/min, respectively). The percentage tubular reab- 
sorption of P differed significantly between MgSO, and 
control groups (91% + 4% vs 87% + 4%, respectively, 
p = 0.02). The percent Ca reabsorption also differed 
significantly between MgSO, and control groups 
(93% + 2% vs 98% +1%, respectively, p < 0.001). Se- 
rum osteocalcin concentrations correlated significantly 
with urinary copper output (r = 0.40, p = 0.05). The 
Mg dose correlated significantly with urinary output 
of Mg (r =0.51, p=0.01) and Ca (r= 0.66, 
p = 0.001). Urinary Ca output significantly correlated 
with urinary output of Mg (r = 0.82, p< 0.001), 
Ca (r= 0.57, p = 0.002), and P (r= 0.49, p= 
0.01). 

Bone density of the distal radius at 1 week post par- 
tum (701 + 55 vs 675 + 53 mg/cm?) was similar be- 
tween MgSO, (n = 15) and control (n = 11) groups, 
respectively. No differences between groups were de- 
tected in either bone width or absolute bone mineral 
content at the site of measurement. Bone density was 
not correlated with body weight, height, race, age, or 
duration of hospitalization. Bone width was correlated 
with body weight (r = 0.54, p = 0.005) and height 
(r = 0.43, p = 0.03). 

Because of the referral nature of the study popula- 
tion, traveling distance enabled only 15 women to re- 
turn for follow-up measurements of bone mineraliza- 
tion at term-equivalent age. When measured at 11 + 3 
weeks post partum (42 + 3 postmenstrual weeks), bone 
density was similar between groups. Repeated measures 
analysis of variance for bone density identified a sig- 
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Fig. k. Serum Mg, total Ca, and P in MgSO, and control groups at baseline (time = 0) and during 
3 weeks (weeks | to 3) of study. Significant differences (p < 0.001) between groups, determined by 
repeated measures analysis of variance, were observed during 3-week study but not at baseline. 


nificant interaction effect between study group and this difference between groups was significant (p = 
time. In the postpartum interval there was a decline in 0.03). 
the bone density in the MgSO, group (n = 7) and a With respect to either demographic characteristics or 


rise in bone density in the control group (n = 8); bone indices at 1 week post partum, the 15 women who 
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Fig. 2. Serum parathyroid hormone (PTH) in MgSO; and control groups at baseline (time = 0) and 
during 3 weeks (weeks 1 to 3) of study. Significant differences (p < 0.001) between groups, deter- 
mined by repeated measures analysis of variance, were observed during 3-week study but not at 


baseline. 


returned for follow-up did not differ from the overall 
study group. Overall differences that had been ob- 
served between groups in serum and urine indices also 
were found in the subgroups. 


Comment 


Our study demonstrates that calcium homeostasis in 
pregnancy is affected by long-term intravenous MgSO, 
therapy. The alterations in serum and urine Mg and 
Ca parallel those reported after short-term (24 to 48 
hours) MgSO, therapy.*° Alterations in the latter case, 
however, are reversible after discontinuation of the 
MgSO, therapy.* * Serum concentrations of Ca de- 
creased and those of P and parathyroid hormone in- 
creased and remained at the altered levels for the du- 
ration of the study. Urinary Mg, Ca, and Cu excretion 
remained significantly greater in the MgSO, group 
compared with the control group throughout the study 
interval. We did not examine these variables after the 
therapy was discontinued. During therapy, however, we 
observed no changes in the measured indices to indicate 
an adaptation (i.e., via diet or altered gastrointestinal 
nutrient absorption) to the therapy.” 

The mechanism by which MgSO, therapy results in 
a decline in serum Ca concentration is unclear. Mag- 
nestum may inhibit or compete for common Ca reab- 
sorptive sites in the loop of Henle." 5 Our data dem- 
onstrated that the percent filtered Ca that was reab- 
sorbed was significantly lower in the MgSO, group 
(93%) than in the control group (98%). We suggest 
therefore that the decline in serum Ca was a direct 
response to the elevated serum Mg and its action at the 
nephron. Similarly, the elevated serum P observed in 
the MgSO, group also may have resulted from hyper- 


Table II. Average urinary metabolite excretion 
(milligrams per 24 hours) during first 3 weeks 
of study* i 





Magnesium} 245 + 954 94 + 68 
Calciumt 844 + 313 343 + 145 
Phosphorus 854 + 29) 903 + 315 
Copper§ 3.4+ 1.0 2.4 Ł 1.1 
Zinc 7.6 + 3.3 PLE L3 
Hydroxyproline 54 + 25 44 + 14 
Creatinine 1103-177 1224 + 396 


*There were no differences over time. 
tp < 0.001. 

Mean + SD. 

$p = 0.02. 


magnesemia and its effect on the reabsorption of P. We 
observed a greater percent tubular reabsorption of P 
in the MgSO, group (91%) than in the control group 
(87%), thus potentially explaining the greater serum P 
concentrations in the MgSO, group. 

Our data do not support a role for parathyroid hor- 
mone in the genesis of hypocalcemia that occurs with 
hypermagnesemia. We found significantly increased 
parathyroid hormone secretion in the MgSO, group, 
which is contrary to other reports of short-term MgSO, 
therapy in which parathyroid hormone secretion was 
suppressed.” '° Cruikshank et al., however, demon- 
strated that in women with preeclampsia the se- 
rum parathyroid hormone concentrations increase 
promptly and substantially in association with Mg- 
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induced decreases in serum ionized Ca concentrations. 
They commented that parathyroid hormone secretion 
is a protective response without which hypocalcemia 
would be manifested to a greater degree. Our data 
supported the latter contention. We found a significant 
correlation between the change in serum parathyroid 
hormone concentration and the change in serum Ca 
but not the change in serum Mg concentrations. 

The urinary output of Ca and Mg in the MgSO, 
group was quantiiatively similar to that reported during 


short-term therapy. Several investigations have dem- ` 


onstrated that urinary Mg excretion approximates 75% 
of the infused Mg dose during short-term studies and 
99% if excretion is monitored beyond the infusion in- 
terval.'”'® We observed that the quantity of Mg excreted 
was less than that infused. However, we monitored nei- 
ther urinary excretion beyond the therapy interval nor 
the fetoplacental-amniotic fluid unit during therapy. 
We speculate, however, that a portion of the infused 
Mg may have been stored or deposited in the body." 
Mg complexes with hydroxyapatite crystals and bone 
contents correlate positively with serum Mg concentra- 
tions. We also considered that other d:valent cations 
might be displaced by the presumed Mg deposition in 
bone. Approximately 30% of total body stores of zinc 
and 19% of copper are found in bone.” The expla- 
nation of the greater urinary losses of Cu in the MgSO, 
group is unknown. Further investigation is warranted. 
The urinary losses of Ca, however, are a great con- 
cern. An increased daily loss of approximately 0.5 gm 
of Ca (difference between MgSO, and control groups) 
potentially might affect skeletal composition. If we as- 
sume that the total body Ca content is 900 gm in a 
young adult woman,” our subjects may have lost as 
much as 4% of total body Ca during a 60-day interval. 
Dietary intake and enhanced gastrointestinal absorp- 
tion certainly restore a proportion of the Ca. Never- 
theless, urinary losses of Ca approacned the Recom- 
mended Dietary Allowance for Ca in pregnancy, 1,200 
mg/day.”! We speculate that usual Ca intakes during 
pregnancy would be inadequate to meet Ca needs and 
restore the Ca lost as a result of MgSO, therapy. 
Osteocalcin is a sensitive marker for bone formation 
and bone remodeling. The serum concentration of os- 
teocalcin rises in conditions characterized by high re- 
modeling and declines when bone turnover is low,” 
We observed similar low serum concentrations of os- 
teocalcin in both study groups. Although the reason 
for the modest elevation in serum osteocalcin in both 
groups is unclear, it may be associated with increased 
bone turnover in later pregnancy.” The relationship 
between osteocalcin and Mg has been studied. *° In 
animal models serum osteocalcin concentrations in- 
crease markedly during MgSO, infusion. Those obser- 
vations are consistent with studies in vitro demonstrat- 
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ing Mg displacement of osteocalcin from bone.” 
Whether similar Mg activity occurs during human 
pregnancy is unknown. We found no association be- 
tween MgSO, and osteocalcin. 

The similarities between groups in bone mineraliza- 
tion values 1 week post partum is paradoxic considering 
the large losses of Ca in urine in the MgSO, group. We 
speculate, however, that Mg displacement of other di- 
valent cations may not have affected the measured bone 
density. We suggest that Mg may have been deposited 
in bone but did not affect bone turnover as evidenced 
by the lack of differences between groups in serum 
osteocalcin, alkaline phosphatase activity, or urinary hy- 
droxyproline. 

The apparent decline in bone density in the MgSO, 
subgroup from 1 to 11 weeks post partum was sur- 
prising but consistent with a slow loss of Mg deposited 
in bone during hypermagnesemia.'’* We sought other 
explanations for the differences in the rate at which 
bone density changed. We knew that subgroups had 
similar histories of lactation and medication usage. The 
observations should be interpreted cautiously, however, 
because of the small sample of women who were able 
to return for follow-up. Further evaluation of bone 
density changes should be undertaken. 

Long-term MgSO, therapy produced changes in Ca 
homeostasis that were similar to those after short-term 
therapy. The duration of therapy did not appear to 
affect the magnitude of the changes in serum and urine 
indices; we observed no adaptation in these indices dur- 
ing long-term therapy. Nevertheless, the hypocalcemia 
was “stabilized” by parathyroid hormone activity on 
bone. Therefore MgSO, therapy may prevent extreme 
preterm delivery, but further evaluation of its effects, 
especially pertaining to bone mineralization, is war- 
ranted. 


We thank M. Thotathuchery, C. Imo, N. Mehta, 
S. Vaidya, A. Bahar, and A. Cavese for their assistance, 
E.O. Smith, PhD, for statistical advice, J.D. Eastman for 
editorial assistance, and Kenneth J. Moise, MD, for his 
support. 
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Nifedipine for treatment of preterm labor: A historic 


prospective study 


Carolyn Murray, MD, MPH; Albert D. Haverkamp. MD,” Miriam Orleans, PhD, 


Sally Berga, MD, PhD, and Denise Pecht, MD* 
Denver, Colorado 


OBJECTIVES: The purpose of this study was to ascertain whether adverse fetal and/or neonatal effects 
occurred during nifedipine treatment of preterm labor and to assess maternal tolerance of nifedipine 


therapy in patients intolerant of a B-sympathomimetic agent 


STUDY DESIGN: We undertook historic prospective review of medical records of 102 women admitted to 
an antepartum ward for treatment of preterm labor who received nifedipine. Data were collected regarding 


maternal side effects, fetal surveillance, and neonatal outccme. 


RESULTS: The number and severity of reported maternal side effects were significantly reduced when 
patients were switched from terbutaline to nifedipine. No discontinuance of nifedipine occurred because of 
maternal side effects. Fetal surveillarce testing and neonatal outcome data failed to reveal deleterious ir 


utero effects of nifedipine. 


CONCLUSIONS: Nifedipine was a well-tolerated and safe tocolytic in this population and warrants further 


investigation. (AM J OBsteT GYNECOL 1992;167:52-6.) 


+ 


Key words: Nifedipine, B-sympathomimetic agents, tocolysis, preterm labor 


Prematurity and low birth weight continue to be crit- 
ical public health problems. In spite of marked reduc- 
uons in infant mortality rates in the United States, the 
incidence of preterm birth has remained essentially un- 
changed in the past decade, at £% to 10% of all births.’ 
Tocolysis, the pharmacologic inhibition of uterine con- 
tractions, is currently the prinapal preterm birth bre- 
‘ventive.measure and will remain so until the etio.ogy 
of preterm labor is better understood. 

The tocolytic drugs most frequently used in the 
United States are the 8-sympathomimetic agents, usu- 
ally terbutaline or Food and Drug Administration—ap- 
proved ritodrine.® Intravenous administration of ~hese 
agents has a rapid tocolytic effect, and oral adminis- 
tration may be used for maintenance therapy. Tae B- 
sympathomimetic drugs, however, have significant and 
potentially serious maternal and fetal side effects (e.g., 
pulmonary edema, cardiac ischemia, and fetal 
cardiotoxicity” *). Less serious but more prevalent are 
the expected systemic side effects of tocolytic doses of 
B-adrenergic agonists, such as tachycardia, tremors, 
anxiety, palpitations, and insomnia.* Maternal intoler- 
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ance of these side effects often requires reduction in 
dosage or discontinuance of therapy.° 

Nifedipine, a calcium channel-blocking agent, has 
emerged as a potentially safer and better tolerated to- 
colytic agent.°* Nifedipine inhibits smooth muscle con- 
traction by impeding the flow of calcium across the 
muscle cell membrane.’ Successful treatment of pre- 
term labor with nifedipine has been reported.'* '' Ma- 
ternal side effects were minimal in these 11 patients, 
consisting of mild transient headaches and a flushing 
sensation. In the single randomized trial published to 
date, nifedipine was found to be more efficacious and 
better tolerated than ritodrine.® Fetal surveillance dur- 
ing nifedipine therapy and neonatal outcome assess- 
ments revealed no evidence of adverse fetal effects in ~ 
any of these studies. 

The fetal safety of nifedipine was questioned, how- 
ever, in several animal studies reported in the mid- 
1980s. In pregnant sheep and rhesus monkeys, where 
a continuous infusion of nicardipine* was adminis- 
tered, significant decreases in fetal arterial Po, and pH 
were found.’*° To date, there have been no reports 
of adverse fetal effects of nifedipine in humans. 

In 1987 nifedipine was introduced as an alternative 
tocolytic agent for Kaiser Permanente patients at St. 
Joseph Hospital. Initially, nifedipine was reserved for 
women who exhibited intolerance to therapeutic doses 
of other tocolytics, usually terbutaline. Close fetal sur- 
veillance was maintained after nifedipine therapy was 


*Nicardipine is the intravenous analog of nifedipine. 
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begun to detect possible adverse fetal effects. Nifedi- 
pine appeared to be an effective tocolytic agent; it was 
well tolerated by patients and adverse fetal effects were 
not observed. However, in light of concern over fetal 
safety raised by some animal studies, a systematic review 
of all patients treated with nifedipine was undertaken. 
The objectives of this historic prospective study were 
as follows: (1) to ascertain whether adverse effects oc- 
curred among mothers and/or fetuses treated with ni- 
fedipine and (2) to assess nifedipine’s usefulness in 
treating women in preterm labor who were intolerant 
of other tocolytics. 


Material and methods 


Study population. Medical records were reviewed for 
all women admitted to the St. Joseph Hospital ante- 
partum ward with the diagnosis of preterm labor from 
Jan. 3, 1988, through March 31, 1989. Records of 
women admitted with conditions associated with pre- 
term labor (such as pyelonephritis) were also reviewed. 
Medication records, physicians’ orders, and discharge 
summaries were examined to identify patients who had 
ever received nifedipine. Subsequent hospital admis- 
sions, outpatient prenatal charts, and labor and delivery 
records were then reviewed for all patients identified 
as having been treated with nifedipine. Informed con- 
sent for the experimental usage of nifedipine was doc- 
umented in all identified charts. 

Patients with six or more regular uterine contractions 

in I hour who were admitted to the hospital for tocolysis 
were included in the study. Documentation of cervical 
change varied widely between clinicians and thus was 
not used as a criterion for inclusion. 
' Data collection. Data were abstracted from the med- 
ical records of all patients who had received nifedipine. 
The physician’s progress notes and the nurse’s notes 
were reviewed for reports of maternal side effects. Days 
of treatment were calculated from the first day of ad- 
ministration until the day of discontinuance. Clinical 
reasons given for discontinuing, changing, or adding 
tocolytics were coded and recorded. Prenatal records 
were reviewed for outpatient fetal surveillance data. 
The delivery record was the source of neonatal data. 
Gestational age was based on the obstetric estimate used 
in the medical record. The infant’s medical record was 
reviewed only if an adverse outcome was reported. 

Limitations. ‘The reviewers were not blinded to the 
study objectives, but the first 30 charts (29.4%) were 
examined by two reviewers to establish interobserver 
reliability. Information regarding maternal side effects 
came from medical records only rather than directly 
from the patient. Thus this information is dependent 
on accurate recording in the nurse’s and physician’s 
notes. In general, the nurse’s notes were the most in- 
formative. Their charting format would frequently di- 
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Table I. Medication experiences of study 
population (N = 102) 


Group No.| % 


Group |. Terbutaline switched to nifedipine 51 50 

Group 2. Terbutaline and nifedipine alternating 29 28.4 

Group 3. Nifedipine only 11 10.8 

Group 4. Nifedipine combined with other toco- 11 10.8 
lytic® l 

TOTAL 102 100 





*Magnesium sulfate or indomethacin. 


rectly quote the patient’s statements regarding subjec- 
tive symptoms. More serious maternal side effects, such 
as chest pain, tended to be more thoroughly docu- 
mented than more minor complaints, and thus our 
methods were probably more sensitive for the severe 
side effects. 

In this descriptive study the question of tocolytic ef- 
ficacy was not addressed. Further, the lack of a com- 
parison group treated with terbutaline only limits our 
conclusions. 


Results 


A total of 119 patients were identified as having been 
treated with nifedipine for preterm labor during the 
15-month study period. Seventeen patients (14.3%) 
were excluded from analysis because of incomplete in- 
formation. Primigravid women constituted 33.3% of 
the study group, and the overall mean maternal age 
was 28 years. 

Pregnancy complications in addition to preterm labor 
were experienced bv 41 patients (40% of the study pop- 
ulation). Twin gestations made up 18% of the entire 
study population but accounted for 38.3% of patients 
with complications. Second-trimester bleeding, usually 
placenta previa, was the next most frequent compli- 
cation (21.3%), followed by maternal diabetes (8.4%). 

Whereas there were varied patterns of tocolytic ad- 
ministration within the study population, four groups 
could be distinguished for descriptive purposes (Table 
I). Patients treated with terbutaline initially and then 
subsequently switched to nifedipine composed the larg- 
est group (group 1}. Approximately 28% of the patients 
were treated with alternating doses of terbutaline and 
nifedipine (group 2}, 11% received nifedipine alone 
(group 3), and 11% received nifedipine combined with 
another tocolytic agent* (group 4). 

Of the 51 patients in group 1, 40 (78%) were switched 
to nifedipine because of adverse side effects of terbu- 
taline. Table II compares the side effects reported by 
this group while they were receiving each of these to- 
colytics. Chest pain was experienced by 50% of the 


*Magnesium sulfate or indomethacin. 
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Table I. Side effects reported by patients 
switched to nifedipine because of intolerance 
of terbutaline (n = 40) 





Terbutaline® | Nifedipinet 






Side effect 





Chest pain l 2.5 Yes 
Dyspnea i: 37.8 H 2.5 Yes 
Palpitations 15 375 0 Q Yes 
Anxiety 15 37.5 0 0 Yes 
Tremors 8 20 0 0 Yes 
Ischemic electrocar- 5: 125 0 0 Yes 
diographic 
changes 
Tachycardia (heart 5 125 0 0 Yes 
rate >120 
beats/min) 
Nausea and vomiting 3 Lav 2 5.0 No 
Headache l 2 SF S Yes 
Constipation 0 0 3 7.5 —§ 
Dizziness 0 0 l 25 —§ 
Flushing 0 0 l 2.5 —§ 
Fatigue 0 0 l 2.5 —§ 
TOTAL 82] 174 





*Side effects of terbutaline leading to change to nifedipine. 
*Side effects reported after change to nifedipine. 


¿The Sign test (True Epistat, 3rd ed. Tracy L. Gustafson) 
was used to compare side effects of these two tocolytic agents. 


§ Matched pairs of insufficient size for analysis. 


[Twelve patients (30%) reported a single side effect, 
whereas 28 patients (70%) reported two or more side effecis. 


{More than one side effect was reported by two patients 
(5%), whereas 25 patent (62.5%) zeported experiencing no 
side effects. 


terbutaline group, with 12.5% showing ischemic elec- 
trocardiographic changes. Dyspnea (37.5%) and pal- 
pitations (37.5%) were the next most frequent side ef- 
fects leading to discontinuance of terbutaline. Signifi- 
cant reductions in all of the side effects experienced 
with terbutaline occurred after a switch to nifedipine, 
except for nausea and vomiting, which remained about 
the same. While the patients were on a regimen of 
nifedipine, headache was the leading reported side ef- 
fect (17.5%), and 62.5% reported no side effects. 
Similar reductions in the number and severity of re- 
ported side effects are seen when all study patients 
treated with terbutaline and nifedipine are evaluated 
(Table III). Palpitations (41.2%), chest pain (39.2%), 
and dyspnea (29.4%) were again the most frequently 
reported side effects with terbutaline. Patients treated 
with nifedipine alone, as either the primary or second- 
ary tocolytic, reported fewer side effects (30 vs 94), with 
nearly 52% reporting no side effects. Headache 
(19.4%), flushing (8.1%), ard nausea and vomiting 
(6.5%) were the most common side effects reported in 
the nifedipine group. In no instance did maternal side 
effects necessitate discontinuance of nifedipine. 
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Table III. Comparison of side effects 








Nifedipinet 
(n = 62) 


Tertulaline* 
{n = 51) 





Side effect 





Palpitations 21 41.2 QO 0 
Chest pain 20 39.2 1 1.6 
Dyspnea 15 294 0 0 
Anxiety l4 27.5 0 0 
Tremors 10 19.6 0 0 
Ischemic electrocardiographic 5 9.8 0 Q 
changes 
Tachycardia (heart rate >120 5 9.8 0 0 
beats/min) 
Nausea and vomiting 3 5.9 4 6.5 
Headache l 2.0 12 19.4 
Constipation C 0 3 4.8 
Dizziness G 0 3 4.8 
Flushing Q 0 5 8.1 
Fatigue 0 0 l 1.6 
TOTAL 94$ 30$ 


*Side effects reported while receiving terbutaline. 
Side effects reported while receiving nifedipine. 
Thirty patients (58.8%) had two or more side effects. 
§Thirty-two patients (51.6%) reported no side effects. 


Fetal surveillance during tocolytic treatment, con- 
sisting of a nonstress test and/or a biophysical profile, 
was performed at least once in 79% of the singleton 
gestations and in 100% of the twin gestations. Of the 
265 total surveillance tests performed, only one test 
result was abnormal. This nonreactive nonstress test 
was followed by a normal biophysical profile, and there 
was a normal neonatal outcome. The number of sur- 
veillance tests performed was directly related to the 
duration of tocolysis, with more tests performed on 
fetuses with longer exposures to nifedipine. 

Interval fetal growth assessments were performed by 
ultrasonography on 65% of those exposed to nifedipine 
in utero, with adequate growth demonstrated in 92.3%. 
Of the 15 twin gestations monitored by serial ultraso- 
nography, two sets of twins showed mild and one set 
showed moderate discordant growth; tocolytic therapy 
was discontinued. Three singleton gestations showed 
evidence of intrauterine growth retardation (IUGR). 
Maternal hypertension was present in one case, and 
there were known fetal anomalies in another, whereas 
the third fetus had no known risk factors for IUGR. 
Therefore five of the six fetuses with inadequate 
growth during tocolysis had other possible causative 
factors for IUGR. 

Although there was no control group that had not 
received a tocolytic agent, pregnancies were extended 
4.9 weeks from the time of preterm labor diagnosis. 
The mean estimated gestational age was 30.7 weeks at 
initiation of tocolysis and 35.6 weeks at discontinuance 
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of therapy. Overall, nearly 60% of the study group were 
delivered at term. The cesarean section rate for the 
study group was 26.5%, with only two procedures (2%) 
performed for fetal distress. Twin gestations had a 50% 
cesarean section rate in our study group. 

Table IV contains neonatal outcome data for the en- 
tire study group. Mean birth weight was 2582 gm and 
mean gestational age was 36.8 weeks. Five infants 
(4.2%) had 5-minute Apgar scores <7, although only 
one had a venous cord pH <7.20. Assisted ventilation 
in the delivery room was required for 13 infants 
(10.8%). A total of 54 infants (45%) were taken from 
the delivery room to the neonatal intensive care unit, 
although this includes those neonates taken for obser- 
vation only and then sent to the newborn nursery, a 
relatively standard procedure for preterm infants in 
this hospital. The previously described infant with con- 
genital anomalies and IUGR was the only neonatal 
death in the study group. This infant died at 8 days of 
age from congenital heart and renal anomalies. 

Of the 120 infants exposed to nifedipine, six infants 
(5%) were in the lst to 10th percentile of weight for 
age and thus met clinical criteria for IUGR. There were 
no infants in the severely growth-retarded (<1% weight 
for age) category. Overall, the weight percentiles were 
normally distributed. 


Comment 


Our historic prospective study of 102 patients in pre- 
term labor treated with nifedipine found that nifedi- 
pine is a better tolerated and safer tocolytic agent than 
terbutaline. Patients experiencing potentially serious 
side effects while receiving terbutaline (chest pain, 
tachycardia, ischemic electrocardiographic changes) 
had significant abatement of symptoms after they were 
switched to nifedipine and, in many cases, reported no 
subsequent side effects. The side effects reported most 
frequently with nifedipine were headache, constipa- 
tion, and nausea, a dramatic contrast to those reported 
by patients receiving terbutaline. When one considers 
that the potentially fatal cardiorespiratory complica- 
tions seen with B-sympathomimetic therapy are often 
preceded by side effects such as tachycardia, dyspnea, 
and chest pain, the difference in side effect profiles 
between these two agents becomes even more mean- 
ingful. 

Clearly, the fetal effects of nifedipine have been the 
major concern regarding its use for preterm labor. The 
only alleged presumptive danger to the fetus has been 
reported in animal studies of uterine perfusion and 
fetal oxygenation.'*® In this study there were 265 fetal 
surveillance tests performed during nifedipine therapy, 
with only one abnormal test. Because of our limited 
sample size, there may have been insufficient power to 
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Table IV. Outcome assessment for all 
neonates exposed to nifedipine in utero 


(n = 120) 
Birth weight (gm) 
Mean + SD 2582 + 512 
Range 1000-4146 
Gestational age (wk) 
Mean + SD 36.8 + 2.7 
Range 29.0-41.9 
Estimated gestational age at birth 
>37 wk (No.) 58 (56.9%) 
Apgar score <7 at 5 min (No.) 57 (4.2%) 


Assisted: ventilation in delivery roomt (No.) 13 (10.8%) 
Neonatal intensive care unit§ (No.) 54 (45%) 
Neonatal death (No.) 1|| (0.8%) 


*Includes 84 singletons and 36 twins. 


+All had venous cord gas values determined; only one value 
was <7.20. 


¢Bag-mask or intubation required. 


§Taken to neonatal intensive care unit from delivery room 
{includes those taken for observation only). 


Known congenital anomalies at initiation of tocolysis (di- 
lated viscera, abnormal spine, intraabdominal calcifications) 
but with normal karyotype. Cardiac and renal anomalies di- 
agnosed at birth were incompatible with life. 


detect adverse fetal effects of nifedipine. However, the 
absence of evidence indicating hypoperfusion or 
deoxygenation of nifedipine-exposed fetuses was re- 
assuring. 

Ritodrine was approved for use in treating preterm 
labor in 1980 and has since become a first-line tocolytic 
agent. In the ensuing decade negligible improvement 
was noted in the rate of preterm birth, yet maternal, 
fetal, and neonatal morbidity and mortality attributable 
to ritodrine and other B-sympathomimetic agents have 
been recorded. The psychotropic changes induced by 
the B-sympathomimetic agents, such as anxiety and in- 
somnia, cause enormous maternal discomfort and are 
the exact opposite of those desired—rest and relaxa- 
tion for prolonging pregnancy. In our study nifedipine 
was used as a tocolytic agent with no maternal morbid- 
ity, minimal maternal discomfort, and no demonstrable 
deleterious fetal or neonatal effects. 
` A randomized prospective trial of nifedipine is 
needed to compare its efficacy with that of other stan- 
dard tocolytic agents. In such a study close fetal sur- 
veillance and detailed neonatal and infant follow-up 
will be important. Calcium channel blockers show great 
promise as tocolytic agents for both mother and fetus. 
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Nonimmune hydrops fetalis associated with maternal infection 


with syphilis 


John R. Barton, MD; Edwin M. Thorpe, Jr., MD, David C. Shaver, MD, 
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intrauterine infection with syphilis was diagnosed by reactive maternal serologic studies, ultrasonographic 
findings, and exclusion of other causes in three hydropic fatuses at 31, 34, and 35 weeks’ gestation. With 
pənicillin therapy and preterm delivery all infants survived through the perinatal period. Intrauterine 
infection that follows syphilis is a potentially treatable cause of nonimmune hydrops. (Am J OBSTET 


GYNECOL 1992;167:56-8.) 


Key words: Nonimmune hydrops, syphilis, pregnancy 


The dramatic increase in the incidence of early syph- 
ilis in the United States has lead to a concomitant rise 
in reported cases of congenital syphilis and nonimmune 
hydrops associated with maternal infection. Earlier re- 
ports of nonimmune hydrops associated with sypailis, 
which have been limited to developing countries, dem- 
onstrate increased perinatal mortality. Chawla et al.' in 
Zimbabwe described three cases with a 100% neonatal 
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mortality, whereas in Singapore, Tan? reported on four 
patients with a 75% mortality. We report three cases of 
nonimmune hydrops fetalis associated with maternal 
infection with syphilis managed with an aggressive pro- 
tocol; all neonates survived. 


Case reports 


Case 1. A 21-year-old woman, gravida 2, para 1, with 
uncertain menstrual dates and no history of syphilis 
treatment was referred in preterm labor. Antenatal lab- 
oratory screen 3 days before admission was significant 
for a reactive rapid plasma reagin titer of 1:32; she 
denied previous treatment for syphilis. Penicillin for 
early latent syphilis was initiated before transfer. ‘The 
patient’s blood type was O negative, and: antibody 
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Table I. Initial newborn laboratory values 


Nonimmune hydrops and syphilis 57 


White blood cell count (x 10°/L) 95.1 
Hemoglobin (gm/dl) 6.0 
Hematocrit (%) 19.9 
Platelet count (X 10°/L) 53 
Fetal rapid plasma reagin titer 1:16 
Fetal microhemagglutination assay Positive 
for antibodies to T. pallidum 

Total protein (mg/dl) 22 
Albumin (mg/dl) 0.9 
Immunoglobulin M (mg/dl) 101 


screen was negative. Ultrasonographic evaluation re- 
vealed an intrauterine pregnancy at 31 week’s gestation 
with fetal ascites, marked generalized subcutaneous 
edema, and hydramnios. There were no other fetal 
structural abnormalities, and a fetal echocardiogram 
was normal. On admission a maternal Kleihauer-Betke 
test was negative, repeat maternal rapid plasma reagin 
titer was 1:128, and a microhemagglutination assay 
for antibodies to Treponema pallidum was positive. 
The amniotic fluid lecithin/sphingomyelin ratio was 
mature. Rapid karyotype from blood obtained by cor- 
docentesis was normal. The patient underwent cesar- 
ean section for breech presentation and was delivered 
of a 3540 gm female infant with Apgar scores of 2 and 
3 at | and 5 minutes, respectively. Initial laboratory 
values are summarized in Table I. The neonatal course 
was significant for persistent pulmonary hypertension 
treated with hyperventilation alone. The infant re- 
mained on a ventilator for 14 days. Radiographic ex- 
amination revealed metaphyseal rarefaction in all long 
bones. The infant received 2] days of intravenous pen- 
icillin G therapy and was discharged home at 43 days 
of life. — 

Case 2. An 18-year-old woman, gravida 2, para 0, 
abortus 1, at 35 weeks’ gestation had fetal ascites and 
subcutaneous edema noted on routine ultrasono- 
graphic evaluation. There were no other structural ab- 
normalities. The maternal blood type was B positive, 
and an antibody screen was negative. Rapid plasma 
reagin titer was reactive (1:64) and microhemagglutin- 
ation assay for antibodies to T. pallidum was positive; 
she denied previous treatment for syphilis. External 
monitoring of the fetal heart rate was nonreactive with 
repetitive late decelerations. Because of the gestational 


age (35 weeks) and the nonreassuring fetal assessment, - 


a primary cesarean section was performed. A 2700 gm 
female infant was delivered with Apgar scores of 0 and 
] at 1 and 5 minutes, respectively. Paracentesis was 
performed in the delivery room because of neonatal 
respiratory compromise from the ascites. Initial neo- 
natal laboratory values are summarized in Table I. The 
infant required 4 days of mechanical ventilation, re- 
ceived 21 days of intravenous penicillin G, and was 
discharged home on the twenty-second day of life. Fol- 


31.4 6.8 5-21 
4.5 12.8 15.5-18.9 
13.2 39.7 42-56 
31.” 67 140-290 
1:16 1:128 Nonreactive 
Positive Positive Negative 
3.6 4.8 4.6-8.0 
1.8 2.4 3.0-5.5 
172 — 0-25 


low-up of the infant at 6 months showed a nonreactive 
rapid plasma reagin titer. 

Case 3, A 21-year-old woman, gravida 1, para 0, was 
seen at 34 weeks’ gestation without prenatal care. An- 
tenatal laboratory screen was significant for a reactive 
rapid plasma reagin titer (1:32) and a positive micro- 
hemagglutination assay for antibodies to T. pallidum. 
Maternal blood type was A positive, and an antibody 
screen was negative. Fetal ultrasonographic examina- 
tion revealed ascites, pericardial effusion, generalized 
subcutaneous edema, and hydramnios. Maternal treat- 
ment with penicillin was initiated. An amniocentesis 
noted a mature lecithin/sphingomyelin ratio (6.8: 1). 
Although initially reassuring, the fetal heart rate trac- 
ing became nonreactive, and a contraction stress test 
was positive. A 2530 gm male infant was delivered by 
cesarean section with Apgar scores of 8 and 9 at 1 and 
5 minutes, respectively. Initial neonatal laboratory val- 
ues are summarized in Table I. Radiographic exami- 
nation revealed metaphyseal lucent bands in all long 
bones. The infant received 12 days of intravenous pen- 
icillin G, and the neonatal course was significant for 


‘apnea of prematurity necessitating home monitoring. 


The infant was subsequently discharged at 30 days of 
age. 


Comment 


Nonimmune hydrops fetalis is associated with a myr- 
iad of maternal and fetal medical conditions. Because 
of the extremely poor perinatal outcome, management 
of pregnancies complicated by this disorder should be 
dictated by specific cause. It is important to consider 
the feasibility of treatment as determined by the cause 
before aggressive management is initiated. Congenital 
syphilis is a potentially treatable cause of nonimmune 
hydrops and warrants intravenous antibiotic therapy 
and delivery. If the fetus is extremely premature, high- 
dose maternal penicillin therapy is indicated until a 
gestation compatible with survival is achieved. 

Current recommendations for the treatment of syph- 
ilis complicating pregnancy emphasize the role of pen- 
icillin as the drug of choice. Published studies of treat- 
ment of maternal infection with nonpenicillin regimens 


Barton et al. 


report unacceptably high failures in preventing con- 
genital syphilis. Patients who report penicillin allergy 
should undergo testing for confirmation, then desen- 
sitization, followed by treatment with penicillin. 

The optimal treatment regimen for nonimmune hy- 


drops caused by maternal infection with syphilis has — 


not been determined. Treatment with penicillin, par- 
ticularly in early syphilis, carries the risk of a maternal 
Jarisch-Herxheimer reaction, which may further com- 
promise a severely affected fetus. Antenatal testing 
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therefore is critical for monitoring fetal distress in re- 
sponse to both nonimmune hydrops and complications 
of treatment of syphilis. 
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Suppression of 24-hour cholecystokinin secretion by 


oral contraceptives 
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Weight gain is a common side effect during oral contraceptive use. The secretion of the satiety hormone 
cholecystokinin was recorded for 24 hours in women before and during treatment with ora! contraceptives. 
During treatment serum profiles of cholecystokinin were clearly suppressed, which might be related to 
‘increased appetite and weight gain. (Am J Opstet GyNecot 1992;167:58-9.) 
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Weight gain is a well-known side effect during hor- 
monal contraception, in particular during use of high- 
dose progestins. The mechanism is incompletely un- 
derstood, but a stimulation of appetite seems to be an 
important component. Recent research has emphasized 
the role of neuropeptides in the regulation of food in- 
take. The gut-brain peptide cholecystokinin is released 
in response to a meal and_has been suggested to be a 
physiologic satiety factor.' In the current study the 24- 
hour serum profiles of cholecystokinin were monitored 
in women before and during oral contraceptive use. 


Material and methods 


Subjects. Complete 24-hour serum profiles of cho- 
lecystokinin were established in nine healthy women 
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attending the local health care center for contraceptive 
counseling. Their mean age was 25 years (range 22 to 
31). The women were evaluated before oral contracep- 
tive use (five of them in the follicular phase and four 
in the luteal phase of the menstrual cycle) and after 2 
to 3 months of treatment with monophasic, combined 
oral contraceptives (30 pg ethinyl estradiol—150 pg de- 
sogestrel or 30 wg ethinyl estradiol—150 wg levonor- 
gestrel). The study was approved by the local medical 
ethics committee. 

Blood sampling. Venous biood samples were ob- 
tained with a nonthrombogenic blood withdrawal sys- 
tem. A portable, battery-charged excentric pump 
(Cormed, Medina, N.Y.) was used to obtain continuous 
sampling from an antecubital vein through heparin- 
coated polyvinyl chloride tubing (Durascan Medical 
Products, Odense, Denmark) during normal daily ac- 
tivities. The activity and food intake of subjects were 
recorded but in no way restricted. Throughout 24 
hours collecting tubes were changed at 30-minute in- 
tervals, and approximately 5 ml blood was collected in 
each 30-minute period. Blocd samples were centri- 
fuged free of formed elements, and equal amounts of 
sera were removed and pooled into one sample for 
every 2-hour period before being stored at — 20° C. 
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Fig. 1. Serum 24-hour profiles of cholecystokinin (CCK) in nine women before and during treatment 
with oral contraceptives (OC). Values are means + SEM. 


Assay. Before cholecystokinin analysis, sera were ex- 
tracted and concentrated on C18 Sep-Pak cartridges 
(Waters Associates, Milford, Mass.). Cholecystokinin 
was eluted with a mixture of 5 ml 50% acetonitrile and 
50% 0.1% acetic acid. Eluted samples were dried and 
then reconstituted in assay buffer for determination of 
cholecystokinin with a previously described sensitive 
and highly specific radioimmunoassay” with the mod- 
ihcation of using sulfated cholecystokinin-8 as the 
tracer. Intraassay and interassay coefficients of varia- 
tions were 4.0% and 10.6%, respectively, and the de- 
tection limit of the assay was 2 pmol/L. However, mea- 
surement of tenfold lower concentrations of cholecys- 
tokinin was made possible by a concentration of the 
serum samples. 

Statistical analysis. Data are presented as 
means + SEM. The effect of treatment with oral con- 
traceptives was evaluated with two-factor analysis of 
variance with repeated measures. 


Results and comment 


The 24-hour serum profiles of cholecystokinin be- 
fore and during oral contraceptive use are illustrated 
in Fig. 1. At all points throughout the 24-hour period 
cholecystokinin values were lower when women were 
using oral contraceptives (overall effect p < 0.001). 

Oral contraceptives are widely used by women for 
family planning purposes. Still, there is considerable 
uncertainty about the significance of the many meta- 
bolic changes that have been observed during treat- 
ment. Weight gain and mood changes have been re- 
ported with frequencies varying between 5% and 15% 


of users. There is increasing evidence that progestins 
have behavioral effects in women. Progestins may stim- 
ulate appetite and in some women cause mood changes, 
which also are associated with alterations in appetite 
and food intake. However, the mechanisms of action 
are not fully explored. 

Animal experiments have clearly demonstrated the 
satiety-inducing effects of peripherally and centrally 
administered cholecystokinin.’ Furthermore, the use of 
recently developed specific cholecystokinin receptor 
antagonists has provided evidence that endogenous 
cholecystokinin plays a physiologic role in food intake 
regulation. Cholecystokinin suppresses food intake not 
only in experimental animals but also in humans. Re- 
cent studies have shown disturbances in meal-related 
cholecystokinin secretion in eating and affective dis- 
orders.’ 

The current results clearly demonstrate a suppres- 
sion of 24-hour serum levels of cholecystokinin during 
oral contraception. This might well relate to increased 
appetite and weight gain in individual women. Further 
studies are clearly indicated to evaluate the significance 
and mechanism behind this effect. 
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Delayed endometrial maturation induced by daily 


administration of the antiprogestin RU 486: A potential new 


contraceptive strategy | 


Marcelo C. Batista, MD, Tannia P. Cartledge, RN,” Ann W. Zelimer, RN, 
Maria J. Merino, MD, Constantine Axiotis, MD, D. Lynn Loriaux, MD, PhD, 


and Lynnette K. Nieman, MD* 
Bethesda, Maryland 


OBJECTIVE: Our objective was to determine if a progesterone antagonist might interdict the development 


of e secretory endometrium. 


STUDY DESIGN: Eleven normally cycling women not at risk for pregnancy received RU 486 (1 mg/day 
orally) or placebo throughout one menstrual cycle in a randomized, double-blind, crossover fashion. 

Estradiol, progesterone, and placental protein 14 were measured every 3 days; luteinizing hormone was 
measured until the midcycle surge was detected. An endometrial biopsy was performed on luteal phase 
day 7 to 9 and interpretec with Noyes’ criteria. Differences between treatment groups were analyzed by 


the Student t test. 


RESULTS: RU 486 delayed ovulation. retarded endometrial maturation, and reduced peak levels of 
placental protein 14 without affecting gonadal steroid production. The abnormalities in endometrial 
morphology and function are similar te those seen in infertile women with luteal phase defects. 
CONCLUSION: We hypothesize that this regimen of antiprogestin administration may prevent implantation 
and offer a novel strategy for fertility control. (Am J OssteT Gyneco. 1992;167:60-5.) 


Key words: RU 486, antiprogestins, contraception, endometrium 


It is estimated that the world’s population will double 
by 2050 ap.' In a time of limited resources birth control 
offers the only solution to an otherwise inevitable Mal- 
thusian crisis. The United States population has in- 
creased by only a modest 10% ir the past decade,’ in 
part because of a high abortion rate. Many would prefer 
that population growth be controlled by contraception 
rather than abortion. However, this goal is compro- 
mised by a relatively limited choice or availability of 
contraceptive technologies. Additionally, there has 
-been a decrease in new research and development ini- 
tiatives in this field, in spite of the recent emergence 
of a number of potential approaches. Compounds that 
bléck progesterone action represent one such avenue. 
Progesterone is required for normal reproductive func- 
tion in women, because it engenders the development 
of a secretory endometrium and enables the implan- 
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tation of an embryo.’ A progesterone antagonist may 
thus, in theory, impede endometrial development and 
prevent pregnancy without disrupting other aspects of 
reproductive function. We previously tested this hy- 
pothesis with a large, single midluteal phase dose of 
RU 486, a 19-norsteroid that antagonizes progesterone 
action at the receptor level.’ Although this approach 
consistently prevented pregnancy in rhesus monkeys,” 
a single late-luteal phase dose was less effective in clin- 
ical trials in women.’ In contrast, our recent studies in 
guinea pigs demonstrated that daily administration of 
RU 486 (0.8 to. 2.5 mg) throughout an estrous cycle 
prevented pregnancy in otherwise sexually active, ovu- 
latory animals.® Taken together, these results suggested 
that progesterone blockade of the endometrium would 
be more effective if initiated earlier in the luteal phase 
and that a small daily dose of RU 486 might have a 


. cumulative antinidatory effect in women. 


We therefore investigated whether RU 486 given at 
a small daily dose (1 mg) throughout the menstrual 
cycle could delay endometrial maturation without sup- 
pressing steroidogenesis or ovulation in women not at 
risk for pregnancy. A daily schedule of administration 
would, in theory, induce a hostile endometrium before 
the expected time of implantation, regardless of the 
variability in a given woman’s cycle. It would also avoid 
the difficulty of identifying a specific menstrual cycle 
day to take the compound. We assessed the develop- 
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ment of the ‘endometrium both morphologically, . by 
evaluation of endometrial histology, and functionally, 
by measurement of serum levels of placental protein 
14.° Placental protein 14 is synthesized by the proges- 
terone-induced secretory endometrium and is a potent 
inhibitor of lymphocyte activation, which suggests an 
important immunomodulatory role during implanta- 
tion and early pregnancy.®” Serum placental protein 
14 concentrations increase during the late luteal phase 
and peak at the onset of menses.’ 


Material and methods 


Subjects. Eleven healthy nonpregnant women (mean 
age 31.0 + 1.5 years, range 23 to 38 years) volunteered 
for the study. Nine had previously been pregnant and 
none had a spontaneous abortion. Ali had regular men- 
strual cycles of 26 to 30 days and were between 86% 
and 126% of ideal body weight (mean 64.0 + 2.3 kg, 
range 50 to 75 kg). No subject gave a history of galac- 
torrhea, unusual dietary habits, or strenuous exercise, 
and none had used hormonal contraceptives or intra- 
uterine devices during the previous 6 months. All 
women used barrier methods or abstained from sexual 
intercourse during the study. The menstrual cycle be- 
fore initiation of the protocol was 26 to 30 days in 
length; ovulation and normal luteal function were con- 
firmed by measuring serum progesterone on three dif- 
ferent days of the luteal phase.* Pregnancy was ex- 
cluded by a serum B-human chorionic gonadotropin 
concentration <2.0 ng/ml (the threshold for detection 
of pregnancy in this assay) within 48 hours before the 
onset of RU 486 or placebo administration. 

The study was approved by the United States Bureau 
of Drugs and Biologics and the Clinical Research Sub- 
panel of the National Institute of Child Health and 
Human Development. Informed consent was obtained 
from each subject. | 

Protocol. The study consisted of two treatment cycles 
separated by one or two rest cycles. Each woman re- 
ceived either RU 486 at a daily oral dose of 1 mg or 
placebo during one treatment cycle in a randomized, 
double-blind, crossover fashion. Treatment was started 
on the first or second day of menses and continued 
until cycle day 25 or the day of the endometrial biopsy, 
whichever came last. Hormonal events of the two treat- 
ment cycles were monitored by measurements of 
plasma luteinizing hormone (LH) (daily from day 9 
until the midcycle surge) and serum estradiol and pro- 
gesterone (every 3 days). The endometrium was eval- 
uated by determination of serum placental protein 14 
concentrations (every 3 days) and by histologic dating 
of an endometrial biopsy obtained 7 to 9 days after the 
LH surge. Electrolytes, liver and renal function tests, 
and cell blood counts were evaluated at the beginning 
and end of each treatment cycle. Progesterone was mea- 
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sured on days 18, 21, and 24 of the immediate post- 


treatment cycle to assess luteal function.” Women kept 
daily records of menstrual flow, premenstrual symp- 
toms, dysmenorrhea, and any unusual symptoms, in- 
cluding intermenstrual bleeding and decreased libido, 
during the treatment and recovery cycles. 
Endometrial biopsy. An endometrial biopsy was 
scheduled prospectively and obtained 7 to 9 days after 
the midcycle LH peak was detected by a rapid plasma 


‘assay. Specimens were taken from the uterine fundus 


with the Pipelle curet (Prodimed, Neuilly-en-Thelle, 
France). Chronologic dating of the biopsies was as- 
signed prospectively by counting forward from the day 
of the LH peak (taken as cycle day 14) until the day of 
the biopsy.’ At the end of the study all biopsies were 
reviewed independently by two pathologists (M.M. and 
C.A.), who had no knowledge of the day of the biopsy 
or the treatment instituted in a given cycle. Histologic 
dating was done according to the criteria of Noyes et 
al.” with a 2-day reading, e.g., secretory day 22 to 23. 
Endometrial maturation was assessed by correlating the 
chronologic date with the most advanced histologic date 
of the biopsy, in keeping with Noyes et al’s recom- 
mendation that dating should rely primarily on the 
morphology of the most advanced portion or feature 
of the endometrium.” A biopsy was considered delayed 
when the histologic dating Jagged more than 2 days 
behind the chronologic dating and normal when these 
dates were within 2 days of each other." 

Preparation of RU 486 and placebo. Capsules con- 
taming either 1 mg of micronized RU 486 (Roussel- 
UCLAF, Paris) or placebo were prepared by the Phar- 
maceutical Development Service of the National Insti- 
tutes of Health. 

Hormone assays. Measurements of serum estradiol’? 
and progesterone” and rapid determinations of plasma 
human chorionic gonadotropin and LH (Diagnostic 
Products Corporation, Los Angeles) were obtained by 
radioimmunoassay. The intraassay and interassay co- » 
efficients of variation were below 12% and 17%, re- 
spectively, for all hormones. 

Serum placental protein 14 was measured by radio- 
immunoassay according to the method of Bolton et al." 
with minor modifications. The purified placental pro- 
tein 14 standard (lot no. 120/135) and antiserum (lot 
no. 201ZA) were kindly provided by Dr. Hans Bohn 
(Behringwerke AG, Marburg, Germany). Radioiodi- 
nation of placental protein 14 was carried out by lac- 
toperoxidase, followed by purification of the tracer in 
Sephadex and concanavalin A-Sepharose columns." 
The anti—placental protein 14 antibody was used at a 
dilution of 1: 16,000; its specificity has been described 
elsewhere.’ Bound and free hormone were separated 
by adding goat anti-rabbit antiserum and polyethylene 
glycol. All placental protein 14 samples were measured 
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Fig. 1. Effects of RU 486, 1 mg/day (closed squares), and plac2bo 
(open squares) administration on mean (+ SE) levels of estraciol, 
progesterone, and PP14 in nine ovuiatory women. Both med- 
ications were given throughout one menstrual cycle. Day 1 
corresponds ta first day of menses. 


in the same assay; the detection limit was 4 ng/ml and 
the intraassay variation was 6.7%, 4.4%, and 4.4% at 
concentrations of 31.0, 59.4, and 87.0 ng/ml, respec- 
tively. 

Analysis. The follicular phase was defined as cays 
elapsed between the onset of menses and the day of 
the LH peak. The luteal phase was defined as days after 
the LH peak until the day before the next menses. The 
integrated secretion of estradiol or progesterone was 
defined as the sum of all values obtained during a treat- 
ment cycle. Results are presented as mean +SE. Except 
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Table I. Effects of RU 486 administration 

(1 mg/day) throughout one menstrual cycle on 
the duration of the follicular and luteal phases 
in nine ovulatory women 


Cycle length | Follicular phase | Lateal phase 
Treatment (days) (days) (days) 


Placebo 25.0 + 0.6 13.0 + 0.5 12.0 + 0.6 
RU 486 SLAE 1.37 18.9 + 1.4* 12.6 + 0.7 


*Significantly different compared with placebo (p < 0.01). 


as noted, the Student ¢ test for paired variables was 
used to compare results between groups. Differences 
were considered significant at p < 0.05. 


Results 


Effects of RU 486 on cycle length. Two women were 
excluded from all data analysis. One subject had dys- 
synchronous endometrial biopsies obtained on the sev- 
enth day after the LH peak in both treatment cycles. 
Because the glandular epithelium and stromal tissue 
were at different stages of endometrial maturation, it 
was not possible to assign an overall histologic date to 
these specimens. In the other woman, the LH surge 
was suppressed completely during RU 486 administra- 
tion, and thus no biopsy was obtained. Ovulation prob- 
ably occurred at least 5 days after RU 486 was discon- 
tinued, when progesterone concentrations rose above 
3.2 nmol/L. In contrast, her cycle was normal during 
placebo administration; the LH surge occurred on cycle 
day 15 and a normal biopsy was obtained on post-LH 
surge day 8. 

RU 486 delayed the midcycle LH surge and pro- 
longed the follicular phase by 1 to 11 days in the re- 
maining nine women (Table I). In contrast, the com- 
pound did not change the duration of the luteal phase 
(Table I). As result, the mean length of the entire cycle 
increased by an average of 6 days in women receiving 
RU 486. 

Effects of RU 486 on ovarian steroidogenesis. Fol- 
licular-phase estradiol concentrations increased at a 
slower rate and peaked later during RU 486 compared 
with placebo treatment (Fig. 1). Although not readily 
apparent from Fig. 1 because of variability of the day 
on which maximum values occurred, peak preovulatory 
estradiol levels were significantly higher in the RU 486 
(1292 + 121 pmol/L) than m the placebo group 
(1098 + 106 pmol/L, p = 0.0060). However, the in- 
tegrated estradiol secretion was similar in both treat- 
ment cycles (4633 + 705 vs 3495 + 367 pmol/L/day, 
respectively). Luteal-phase progesterone concentra- 
tions (>3.2 nmol/L) also occurred later during RU 486 
treatment and parallelled the delay in the LH surge 
induced by this compound (Fig. 1). There were no 
differences in the peak concen:ration or integrated se- 
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cretion of progesterone during RU 486 (47.1 + 8.9 
nmol/L and 129.1 + 20.3 nmol/L/day, respectively) 
and placebo administration (59.1 + 10.5 nmol/L and 
131.4 + 10.5 nmol/L/day). 

Effects of RU 486 on endometrial maturation. The 
RU 486 group had a significantly larger difference be- 
tween histologic and chronologic dating of the biopsy 
when compared with placebo (Table II). Six of the nine 
women included in the data analysis had a delayed 
biopsy during RU 486 treatment, as opposed to none 
during placebo administration (p = 0.0027, x? analy- 
sis). In these six women the histologic dating lagged 3 
or 4 days behind the chronologic dating of the biopsy. 
These dates were within 2 days of each other in the 
remaining three women. 

Peak placental protein 14 concentrations (Fig. 1) oc- 
curred around the onset of menses and were signifi- 
cantly lower after RU 486 (34.0 + 3.3 ng/ml) than pla- 
cebo treatment (49.2 + 6.5 ng/ml, p = 0.0103). 

Other effects of RU 486. Premenstrual symptoms, 
dysmenorrhea, electrolytes, liver and renal function 
tests, and cell blood counts were unaffected by RU 486 
treatment. Likewise, no unusual symptoms, including 
intermenstrual bleeding and altered libido, were 
noted. 

Both the duration of menses (4.0 + 0.4 vs 5.9 + 0.7 
days, p = 0.0492) and the length of the posttreatment 
cycle (26.9 + 0.7 vs 29.0 + 0.4 days, p = 0.0026) were 
reduced significantly after RU 486 compared with pla- 
cebo administration. The sum of three luteal proges- 
terone measurements exceeded 47.7 nmol/L in all re- 
covery cycles. 


Comment 


Our data show that administration of the antipro- 
gestin RU 486 at a small daily dose (1 mg) can induce 
a functional state of progesterone deficiency without 
suppressing ovarian steroidogenesis or ovulation. Six 
of the 10 women who ovulated during RU 486 admin- 
istration had delayed endometrial morphologic char- 
acteristics, whereas one exhibited dyssynchrony 
between glandular and stromal tissue. Although en- 
dometrial maturation was assessed only by the histo- 
logic criteria of Noyes et al.,'° it is possible that mor- 
phometric analysis, which appears to be more precise,” 
of the endometrium would show abnormalities in the 
remaining three women who had normal biopsies dur- 
ing RU 486 treatment according to the former method. 
The suppressed serum concentrations of placental pro- 
tein 14, a glycoprotein synthesized by the progesterone- 
induced secretory endometrium that has been pro- 
posed as a marker of endometrial function,® provides 
additional evidence for the antiprogestin effects of RU 
486 on the endometrium. The pharmacologically in- 
duced abnormalities in endometrial morphology and 
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Table II. Effects of RU 486 administration 
(1 mg/day) throughout one menstrual 
cycle on endometrial maturation in nine 
ovulatory women 






Endometrial maturation* 


Pathclogist M.M. 


0.2+06(-2to3)t 03+ 06(-2 to 3) 
-2.3 + 0.6% (-4to 1) —2.1 + 0.7¢ (-4 to 1) 





Treatment Pathologist C.A. 


Placebo 
RU 486 


*Lag in days between histologic and chronologic dating of 
an endometrial biopsy, as judged by two different pathologists 
(M.M. and C.A.). 


tRange. 
Significantly different compared with placebo (p = 0.02). 


function observed in this study are similar to those seen 
in infertile women with luteal-phase defects. This con- 
dition, most often due to deficient progesterone secre- 
tion, 1s typically associated with a delayed endometrial 
biopsy." Although placental protein 14 concentrations 
have not been reported in women with luteal-phase 
defects, an immunologically identical protein, proges- 
tagen-dependent endometrial protein, was shown to 
be reduced in this population.'® Thus the endometrial 
abnormalities observed in the present study may reflect 
an intrauterine environment hostile to implantation. 
The time course of endometrial maturation during 
RU 486 administration deserves further investigation. 
The findings of the Carnegie Institute that both the 
embryo and the endometrium are at luteal phase day 
6 to 8 at the beginning of implantation in cycles re- 
sulting in conception suggest that successful tnitiation 
of this process requires a relative synchrony between 
the development of the embryo and the maturation of 
the endometrium.” These results influenced our de- 
cision to examine the endometrium at the expected 
time of implantation relative to the LH surge and em- 
bryo development rather than at a later time in the 
luteal phase, as is often done in clinical practice."' Also, 
histologic dating of the endometrium is more precise 
and agrees more closely with chronologic dating when 
specimens are obtained in the midluteal than in the late 
luteal phase.'* '° It is possible, however, that a delayed 
endometrium 7 to 9 days after the LH surge might 
later mature and sustain implantation, if the blastocyst 
could wait until maturation occurred. Studies of women 
with ovarian failure undergoing assynchronous trans- 
fer of donor embryos suggest that implantation can 
occur if the endometrium is no more than 2 days de- 
layed, as assessed by an endometrial biopsy performed 
in a previous cycle.” Because the endometrium in these 
recipients is prepared with exogenous steroids and the 
embryo develops in vitro until transferred, it is unclear 
whether these findings can be extrapolated to the blas- 
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tocyst-uterine relationship in natural cycles resulting in 
conception. | 

Although RU 486 administration delayed the LH 
surge and ovulation by an average of 6 days, the length 
of the follicular phase and the total duration of the RU 
486 cycle remained within the normal range for the 
adult female population.” The prolongation of the fol- 
licular phase may reflect partial suppression of follc- 
ulogenesis induced by RU 486, as suggested by tae 
slower rise in follicular-phase estradiol concentrations. 
This may be mediated through either gonadotrorgin 
inhibition, a direct ovarian effect, or a combination of 
both. However, the significantly higher preovula- 
tory estradiol levels observed during RU 486 admin- 
istration suggest that another late follicular phase 
mechanism contributes to the delay in the gonadotro- 
pin surge. Because progesterone concentrations start 
to rise just before the LH surge and may trigger this 
process, progesterone antagonism induced by RU 485 
at midcycle may delay this event.” 

RU 486 administration did not change the duration 
of the luteal phase. Both RU 436 and placebo cycles 
had a 12-day luteal phase, which 1s slightly shorter than 
usually seen in normally cycling women.” This may be 
due to the luteolytic effect of prostaglandins released 
during the endometrial biopsy or to partial disruption 
of the endometrium caused by this procedure.” 

Although follicular-phase estradiol concentrations 
increased at a slower rate during RU 486 treatment, 
the integrated estradiol secretion was similar to taat 
seen during placebo administration, indicating that zhe 
RU 486 regimen did not cause a low estrogenic state. 
Likewise, RU 486 did not alter corpus luteum function, 
as evidenced by similar peak levels and integrated se- 
cretion of progesterone in both treatment cycles. Al- 
though the blood sampling frequency of every 3 days 
has been advocated as a good index of luteal function,” 
this approach may not detect subtle changes over the 
entire cycle or in an event that occurs over a short time 
span, such as the preovulatory peak of estradiol con- 
centrations. 

RU 486 can thus preserve ovulation, steroidogenesis, 
and the timing of the menstrual cycle when given zt a 
daily dose of 1 mg. This contrasts with the complete 
inhibition of follicular development, steroidogenesis, 
and ovulation and also with the luteolysis seen with 
higher doses.* ™ ** Ovulation was suppressed in our 
preliminary clinical trials even ai a daily dose of 10 mg 


(unpublished data). The dose of 1 mg used in the cur-’ 


rent study did not consistently preserve ovulation while 
inhibiting endometrial development, as one woman was 
anovulatory and three had normal endometrial histol- 
ozy. These results suggest that this dose was too high 
in the first and too low in the latter cases. These dif- 
ferences in dose-response may reflect individual vari- 
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ations in absorption or metabolism of RU 486 and in- 
dicate that further work, including serum measure- 
ments of this compound, will be needed to define an 
optimal dose of the drug for contraceptive trials. 

No adverse effects were observed during RU 486 
treatment, suggesting that it can be safely administered 
in the regimen used in the current study. The subse- 
quent menses were shortened, however, most likely due 
to RU 486 inhibition of endometrial development. The 
post-RU 486 cycle was ovulatory but slightly short- 
ened. The mechanism by which this occurred was not 
apparent from the available data. 

In summary, at a daily dose of 1 mg, RU 486 dis- 
rupted both the morphology and function of the en- 
dometrium while preserving steroidogenesis, ovula- 
tion, and timing of the cycle. Taken with our previous 
findings that daily administration of RU 486 prevents 
pregnancy in the guinea pig,” it is tempting to speculate 
that daily administration of an antinidatory dose of a 
progesterone antagonist may offer a novel strategy for 
fertility control. Although the dose used in women 
(0.016 mg/kg/day) was proportionally lower than in 
guinea pigs (1 to 3 mg/kg/day), this comparison may 
not be valid because of interspecies differences. Be- 
cause our study group was small, the present data must 
be regarded as preliminary. However, this study dem- 
onstrates that, in principle, a small daily dose of an 
antiprogestational agent can inaibit both morphologic 
and functional maturation of the endometrium and 
thus provides a rationale for further investigations to 
elucidate the contraceptive potential of these agents in 
women. 


We thank the nursing staff of the Ninth Floor Clinic 
of the Clinical Center of the National Institutes of 
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study. We also thank Roussel-UCLAF for providing RU 
486. 
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Antenatal tests of fetal welfare and development at age 2 years 


Angela L. Todd, BA,’ Brian J. Trudinger, MD," Michael J. Cole, MB,” and 


George H. Cooney, PhD‘ 
Westmead, New South Wales, Australia 


OBJECTIVE: Our objective was to examine the outcomes at 2 years of age of fetuses delivered electively 
before 34 weeks, studied antenatally with two tests of fetal well-being. 

STUDY DESIGN: Forty-two fetuses from high-risk pregnancies delivered electively by cesarean section 

” before 34 weeks were stratified into normal versus abnormal subgroups with umbilical Doppler flow 
velocity waveform and fetal heart rate results. Deveiopmental outcome was assessed at 2 years. Two 
comparison groups were also selected: 40 matched premature controls delivered spontaneously before 34 
weeks and 67 normal babies delivered spontaneously at term. Frequency outcome data were tested with 


_x? analyses and the remainder with analyses of variance. 


RESULTS: Within the electively delivered study group poor cognitive progress at 2 years was more 
strongly associated with an abnormal fetal heart rate result than an abnormal Doppler result. Compared 
with the premature contro] and normal term groups, electively delivered fetuses were significantly delayed 


in growth, cognition, and motor development (p < 0.0085). 


CONCLUSIONS: Adverse fetal welfare in a high-risk obstetric sample was associated with poorer outcome 
at 2 years. However, the whole of the group of fetuses from such high-risk pregnancies showed significant 
developmental delay compared with normal! term children and, more importantly, matched premature 
infants delivered spontaneously from otherwise uncomplicated pregnancies. (AM J OBSTET GYNECOL 


1992:167:66-71.) 


Key words: Fetal compromise, nigh-risk pregnancy, Doppler, fetal heart rate, early 


childhood development 


It is a goal of obstetrics to ensure that a fetus is born 
well and, through growth and development after birth, 
able to attain its full biologic potential. Antenatal tests 
of fetal well-being exist as aids to the obstetrician to 
determine the appropriate time for intervention and 
delivery. Clinical suspicion of fetal compromise is usu- 
ally followed by ultrasonographic assessment of size 
and biophysical profile. Nonstressed fetal heart rate 
(FHR) monitoring has become the most widely used 
test of fetal condition and need for delivery. A normal 
tracing encourages the obstetrician to maintain the fe- 
tus in utero to gain maximal maturity. A persistent 
nonreactive tracing indicates encroachment on critical 
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fetal reserve and the time for intervention. More re- 
cently, Doppler studies of the umbilical artery flow ve- 
locity waveform have been introduced.' Such studies 
identify a vascular pathologic condition in the fetal pla- 
centa.” Their use is based on the premise that this lesion 
precedes fetal effect and identifies pregnancies for in- 
tensive fetal surveillance. 

- There is increasing awareness that long-term devel- 
opmental handicaps may originate from fetal in- 
sult during the antenatal period rather than during 
labor.* * Many descriptive stucies have examined the 
relationship between tests of fetal well-being and con- 
dition at birth. However, there has been very little in- 
formation relating fetal welfare test results with later 
infant and child development. In the current study we 
have investigated development at 2 years of age in a 
group of fetuses born after complicated pregnancies in 
whom Doppler umbilical flow studies and nonstressed 
FHR monitoring were conducted. 


Patients and methods 


Patients. The study group comprised children who 
had been delivered electively (by cesarean section) from 
high-risk pregnancies before or at 34 weeks’ gestation. 
All had been assessed with Doppler flow velocity wave- 
form studies within 2 weeks of delivery and FHR mon- 
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itoring within 3 days of delivery. They were all deliv- 
ered at Westmead Hospital between 1986 and 1988 and 
had been identified for follow-up during pregnancy. 
This study was approved by the Research and Ethics 
Committee of Westmead Hospital. 

At the 2-year follow-up 78 eligible subjects were con- 
tacted by mail and invited to participate. Forty-two sub- 
jects agreed to participate, 14 refused, and no contact 
was made with 22 subjects. There were no significant 
differences between participants and nonparticipants 
in gestation, sex, birth weight, antenatal test results, 
maternal age, or hospital health insurance status (used 
here as a broad indicator of social class) (p > 0.05). 
Clinical details of the 42 subjects in the study group 
are displayed in Table I. Gestation was determined by 
patient dates and, in 31 cases, confirmed by an ultra- 
sonographic scan before 22 weeks. The major reasons 
for elective delivery were suspected or known fetal com- 
promise (n = 26) and maternal hypertension (n = 15). 
In one case antepartum hemorrhage associated with 
placenta previa was the reason. 

The antenatal results of the placental Doppler um- 
bilical flow velocity waveform studies and FHR moni- 
toring were used to divide the study group into normal 
and abnormal groups. The Doppler umbilical artery 
flow velocity waveforms were recorded as previously 
reported.’ The systolic diastolic ratio was used as an 
index of downstream resistance. This result was classed 
as abnormal if it was above our 99.95th percentile.® This 
division was chosen as the statistical cut-off equivalent 
to absent diastolic flow in fetuses of 28 to 32 weeks’ 
gestation. The nonstressed FHR trace was recorded at 
a paper speed of 3 cm/min. The abnormal FHR group 
included those fetuses with a nonreactive trace, defined 
by an FHR baseline variability <5 beats/min and no 
accelerations with or without late decelerations in re- 
sponse to Braxton Hicks contractions.’ This stratifica- 
tion of the 42 children resulted in 17 normal and 25 
abnormal Doppler study cases and 26 normal and 16 
abnormal FHR cases. The correlation between Doppler 
study and FHR result was r = 0.25 (p = 0.057). 

For comparison two further groups were selected for 
study. A control group delivering before 34 weeks after 
spontaneous onset of labor was chosen. This group 
(n = 40) was matched to the electively delivered study 
group for gestation (+1 week) and health insurance 
status. All children had birth weights >5th percentile 
and Apgar scores at 1 and 5 minutes of =5 and 7, 
respectively. A group of fetuses delivered sponta- 
neously at term (37 to 42 weeks’ gestation) was also 
selected to provide a normative range. In this group 
(67 patients) all birth weights were >5th percentile, and 
Apgar scores at | and 5 minutes were =7 and 9, re- 
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Table I. Clinical details of electively delivered 
pre-34-week study group 





Cases (No.) 42 
Gestation (wk, mean + SD) 30.8 + 2.0 
Birth weight (gm) 

Mean 1163 

Range 580-2300 
Boys (No.) 14 (33%) 
Mother’s age (yr, mean + SD) 26.4 + 5.5 
Nulliparous (%) 57 
Private health insurance (%) 60 


spectively. Complete antenatal testing was not available 
for the premature control and term groups, but case 
selection ensured there was no history of obstetric com- 
plications or evidence of fetal compromise during preg- 
nancy. 

Methods. Children were reviewed at 2 years of age, 
corrected for gestation, and assessed for physical, cog- 
nitive, and language outcome. Mean corrected age at 
time of assessment was 24.9 months, with a range of 
21 to 30 months. 

Weight, height, and head circumference measure- 
ments were recorded and percentiles calculated.*° 

The Denver Developmental Screening Test” was ad- 
ministered. This test is designed to screen children for 
risk of delay in personal-social, fine motor, gross motor, 
and language development. The scoring of this test was 
modified so that the number of failures and the areas 
in which they occurred were recorded. 

The Bayley Scales of Infant Development” were used 
to assess the achievement of milestones at 2 years. The 
test provides a Mental Development Index incorpo- 
rating fine motor skills, eye-hand coordination, and 
some language items, and a Psychomotor Development 
Index examining coordination and balance of the 
larger leg muscles. 

Language progress was tested with the Sequenced 
Inventory of Communication Development.” The test 
comprises two scores: a receptive score relating to the 
child’s understanding of language and an expressive 
score reflecting the child’s ability to produce sounds 
and words. 

In addition, parents supplied demographic details 
such as level of schooling and occupation to index social 
class.” Information on the home environment was ob- 
tained with three subtests from Caldwell’s HOME 
scale," labeled maternal responsivity, maternal involve- 
ment, and provision of toys and play materials. These 
subtests were selected because of the strong correlations 
reported with early development.’* '° 

Statistics. Data were corrected for gestation where 
appropriate. In all comparisons the eight outcome mea- 
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Table II. Outcome at 2 years of age in electively delivered study group stratified by Doppler and 


FHR results 
Doppler FHR 
Normal Abnormal Normal Abnormal 
Assessment (n = 17) (n = 25) . (n = 26) (n = 16) 
‘Physical 
Weight (kg) 11.7 F? 11.5 l11.] 
Height (cm) 85.0 83.3 84.2 83.7 
Head circumference (cm) 43.6 47.5 (0.08) 47.9 47.9 
Denver Developmental Screening Test 13 16 8 31 (0.09) 
(% failed =1 item) 
Bayley 
Mental Development Index 96 96 100 87 (0.05) 
Psychomotor Development Index 93 90 94 85 (0.07) 
Sequenced Inventory of Communication 
Development , 
Receptive score (% >1 SD below mean) 35 16 19 31 
Expressive score (% >1 SD below mean) 4] 28 27 44 


Numbers in parentheses represent p values (one-tailed) <0.10. 


sures at 2 years corrected age were weight; height; head 
circumference; number of items failed on the Denver 
Developmental Screening Test, Bayley Mental Devel- 
opment Index, and Psychomotor Development Index, 
and receptive and expressive Sequenced Inventory of 
Communication Development language scores. Fre- 
quency data {Denver Developmental Screening Test 
score, Sequenced Inventory of Communication Devel- 
opment scores) were tested with x? analyses. The re- 
maining data (growth parameters, Bayley Mental De- 
velopment Index and Psychomotor Development In- 
dex) were analyzed with analyses of variance, which 
included sex, social class, and the HOME total score as 
covariates. It is well established that these three factors 
relate to child development, and using covariate anal- 
ysis was intended to increase the power of the statistical 
test by reducing the error variance. 

Data were tested in two stages. To examine the value 
of the two antenatal tests the outcome data within the 
electively delivered study group were analyzed com- 
paring the normal and abnormal groups for each fetal 
test. The effect of the other antenatal test result was 
controlled in the analyses of variance with covariate 
analysis. This ensured that any significant differences 
were not confounded by the other antenatal test result. 

Comparisons were then made between the elective 
study group and the premature control and the normal 
term infants. The developmental status of the study 
group relative to the control groups was also analyzed 
with both antenatal test divisions. A p value of 0.005 
was considered significant to minimize type I errors. 
Significant differences were tested with post hoc, pair- 
wise x” tests or Tukey tests on adjusted means, with a 


significance level of p < 0.01 to correct for multiple 
comparisons. 


Results 


Differences within the study group. Outcome data 
within the electively delivered group stratified by Dopp- 
ler and FHR results are displayed in Table II. Strati- 
fication by the Doppler umbilical fetal velocity 
waveform result revealed no significant differences 
(p > 0.05). Comparison of the FHR results showed a 
significant difference on the Bayley Mental Develop- 
ment Index (p < 0.05). Trends were apparent on the 
Bayley Psychomotor Development Index (p = 0.07) 
and Denver Developmental Screening Test (p = 0.09). 
An analysis of the subgroup in whom both the Doppler 
and FHR results were abnormal showed trends similar 
to the abnormal FHR group, particularly on the Bayley 
tests (Mental Development Index p = 0.13, Psycho- 
motor Development Index p = 0.04). 

Although the purpose of the study was the investi- 
gation of antenatal well-being and outcome at 2 years 
we also examined several neonatal measures from the 
newborn period, for possible confounding effects. 
Comparisons of the study group stratified by either 
Doppler or FHR result revealed no significant differ- 
ences between the normal versus abnormal groups on 
the following variables: total days in neonatal intensive 
care, total time on oxygen, incidence of necrotizing 
entercolitis, or incidence of cerebroventricular hem- 
orrhage. 

Differences between the study group and control 
groups. Table III displays the outcome data of the elec- 
tively delivered study group and the two control 
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Table III. Outcome at 2 years of age in electively delivered study group and in premature control and 


normal term groups 


Assessment 
Physical . 
Weight (kg) 11.5 
Height (cm) 84.3 
Head circumference (cm) 48.2 
Denver Developmental 17 
Screening Test (% failed 
=1 item) 
Bayley 
Mental Development 96 
Index 
Psychomotor Develop- 91 
ment Index 


Sequenced Inventory of 
Communication Devel- 


opment 

Receptive score (% >1 24 
SD below mean) 

Expressive score (% >1 33 


SD below mean) 


*Analysis of variance. 


groups. Post hoc analyses showed the electively deliv- 
ered study children were significantly smaller than term 
babies in both weight and height (p < 0.01). Babies in 
the premature control group were also shorter than 
term babies (p < 0.01). On both Bayley indexes the 
study group scored significantly below both control 
groups (p < 0.01). 

The study group was divided by the results of the 
umbilical Doppler and FHR tests and compared with 
the control groups, with the data displayed in Tables 
II and II. Analyses indicated the electively delivered 
study children in whom the Doppler results were ab- 
normal performed significantly below the normal term 
group in all growth parameters and both Bayley in- 
dexes (p < 0.01). The abnormal Doppler group also 
differed from the premature control group on the Bay- 
ley Psychomotor Development Index (p < 0.01). In the 
subgroup with a normal Doppler result developmental 
scores were consistently lower, but none of these dif- 
ferences were significant. 

Using the FHR test division both the abnormal and 
normal study children had lower weight and height at 
2 years compared with children delivering at term 
(p < 0.01). The abnormal FHR group scored signifi- 
cantly below both control groups on the Bayley indexes 
(p < 0.01). More children in the abnormal FHR group 
failed at least one item (31%) on the Denver Devel- 
opmental Screening Test compared with both the 
premature (5%) and the term (3%) control groups 
(p < 0.01). Analysis of variance results of the receptive 
language scores on the Sequenced Inventory of Com- 


Elective group Premature control Normal term 
(n = 42) group (n = 40) group (n = 67) Resuli 


12.2 13.0 p < 0.005* 
85.0 87.1 p < 0.005* 
48.8 48.9 = 

5 3 

107 111 p < 0.005* 

102 105 p < 0.005* 
13 3 : 

8 10 ? 


munication Development were significant (p < 0.005), 
but post hoc tests did not detect a pairwise difference 
at p < 0.01. Differences existed between the normal 
FHR study group and controls on the Denver Devel- 
opmental Screening Test and Bayley tests but did not 
reach significance. 


Comment 


This study was designed to evaluate growth and de- 
velopment of children at 2 years of age against the 
results of fetal welfare tests carried out during preg- 
nancy in a high-risk obstetric population. It was ex- 
pected that children with abnormal fetal welfare test 
results would fare worse than those with normal results. 
We found that fetuses delivered electively before 34 
weeks did show some differences at 2 years when di- 
vided by the result of antenatal tests of fetal well-being. 
The subgroup with an abnormal result was develop- 
mentally behind the normal subgroup in many areas, 
but few differences reached statistical significance. We 
found the result of FHR monitoring rather than um- 
bilical Doppler study was a better discriminator of de- 
velopmental progress at 2 years. Umbilical Doppler 
studies are an early detector of placental vascular 
pathologic conditions, which are believed to lead to fetal 
constraint. An abnormal result in this test will include 
cases in which the fetus has been affected and others 
in which this has not yet occurred. It is therefore not 
surprising that the difference between the normal and 
abnormal Doppler subgroups is small. In contrast, an 
abnormal FHR result indicates that a fetal effect has 
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occurred. The differences found between the normal 
and abnormal FHR subgroups support this point. 

On the basis of results within our study group show- 
ing only a small difference in outcome for infants with 
an abnormal versus normal antenatal test, it could be 
concluded that, in spite of an adverse antenatal envi- 
ronment, timely delivery aided by the results of fetal 
welfare tests has allowed the fetus to emerge relatively 
unscathed. However, we have shown that, as a group, 
children from complicated pregnancies delivered elec- 
tively before 34 weeks performed markedly below 
peers selected from uncomplicated normal term preg- 
nancies. This is consistent with previous studies.’” '3 
More importantly, the electively delivered children also 
exhibited delays compared with a matched preterm 
group who had delivered spontaneously before 34 
weeks. The children delivered electively from high-risk 
pregnancies showed poorer performance at 2 years in 
physical growth, cognition, and motor performance 
when compared to both control groups. Further anal- 
yses indicated that in particular children with an ab- 
normal antenatal test result, whether Doppler or FHR, 
were indeed exhibiting the most developmental deficits. 
However, the study children in whom the fetal welfare 
test results were normal were also consistently behind 
their peers in the control groups, although not always 
reaching statistical criteria. Although the number of 
cases in the subgroups are small, the differences be- 
tween the elective study group as a whole and the con- 
trol groups are highly significant. 

In this study we assessed only 54% of the electively 
delivered infants identified for follow-up from the an- 
tenatal period. We have compared participants and 
nonparticipants on gestation, sex, birth weight, ante- 
natal test results, maternal age, and hospital health in- 
surance status and found no differences. The possi- 
bility of bias, however, is not excluded. Among our 
control groups we do not have details of Doppler and 
FHR results. These pregnancies were uncomplicated, 
and there was no reason for these tests to be performed. 
Our control groups may have included some cases of 
unrecognized fetal compromise, but the effect of this 


would have been to reduce the differences between the- 


groups. Our findings may in fact underestimate the 
true disparity. 

The poor overall performance of our study group 
at 2 years raises questions about the timing of fetal 
injury and the feasibility of preventing it by early in- 
tervention (delivery). There is no doubt nonstressed 
FHR monitoring facilitates delivery of a fetus in the 
best possible condition at birth. This short-term role 
should not be undervalued. Our data would question 
the long-term benefits of this course of management 
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in ensuring normal developmental outcome. Clearly 
there exists scope for the pursuit of other avenues of 
fetal surveillance and management if obstetric inter- 
vention is to be timed to precede fetal damage. It may 
be that fetal injury is a cumulative result of adverse 
circumstances operating since early in the pregnancy 
and therefore not totally preventable by current ob- 
stetric practice. It ts likely the same considerations are 
relevant when considering major handicaps, such as 
cerebral palsy, originating from antenatal insult. 

In addition to the effects of fetal well-being the im- 
portance of the early social and emotional environment 
of the child must be considered. Perinatal complications 
have been found to be associated with poorer physical 
and psychologic development only when combined 
with a persistently poor environment. '*™® Given the po- 
tential palliative role of the child’s early postnatal en- 
vironment, it appears that evaluation of targeted re- 
medial parenting programs for infants delivered elec- 
tively before term is also warranted. This represents a 
new and important approach to therapy. 

In summary, we have shown in this study that in the 
presence of potential fetal compromise delivery before 
the development of a nonreactive FHR tracing is as- 
sociated with a better outcome in terms of growth and 
development at the age of 2 years. However, it does 
appear that such pregnancies yield fetuses who, as a 
group, exhibit suboptimal early childhood develop- 
ment. By the time the signs of fetal compromise are 
present fetal damage has already occurred. This points 
to the need for new approaches in management. 
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OBJECTIVE: The death of women from pregnancy-related causes remains a threat to national maternal 
and child health. Maternal deaths as persistent, albeit rare occurrences are overlooked if vital registration 


systems are relied on to report such deaths. 


STUDY DESIGN: Live birth records were matched with death records for women of reproductive age to 
detect if a woman died within 1 year of delivery. The data for potential cases were reviewed by committee 


and classified as maternal and nonmaternail deaths. 


RESULTS: Of ali linked birth-death records, 32% were related to pregnancy: 81% were ady related to 
pregnancy and 19% were indirectly related to pregnancy. The most frequent causes of death were 
hemorrhage and embolism. Thirty-eight percent of the women were transferred to tertiary hospitals before 
death. The case ascertainment through this study improved maternal death-detection by 100% over offic al 


vital statistics. 


CONCLUSION: Enhanced maternal mortality surveillance increased the detection of maternal death in 
West Virginia. Case review of these deaths yielded important information useful in shaping the state’s 


perinatal system. (Am J OBSTET GYNECOL 1992;167:72-6.) 


Key words: Maternal mortality, vital registration, mortality review, record linkage, West 


Virginia 


The death of women from causes related directly or 
indirectly to pregnancy and childbearing remains a per- 
sistent threat to maternal and child health not only in 
developing countries’ but also in the United States.” 
The existence of state and locally based maternal mor- 
tality review committees (e.g., North Carolina,** lowa,? 
Oklahoma,® and Massachusetts’) have enabled long- 
term analysis of trends in maternal death. In addition, 
the establishment of the Maternal Mortality Collabo- 
rative of the American College of Obstetricians and 
Gynecologists has enabled improved surveillance of 
maternal mortality in selected areas of the United 
States.” In states where materna: mortality review com- 
mittees do not currently exist, for example, West Vir- 
ginia, the existence of maternal death as an important 
and persistent, albeit relatively rare, occurrence may 
be overlooked if traditional vital registration systems 
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are relied on as the only sources of reporting such 
deaths. Death certificate information available through 
traditional vital registration systems are not adequate 
for enhanced detection of maternal deaths, the Amer- 
ican College of Obstetricians and Gynecologists Mater- 
nal Mortality Collaborative found that maternal death 
was underreported by vital registration in selected areas 
of the United States by 39% during 1980 through 
1985.? In particular, in West Virginia, where the pro- 
vision and organization of obstetric and medical care 
has reached crisis proportions in recent years,’ en- 
hanced maternal mortality surveillance is an important 
activity in assessing the current status of maternal and 
child health. 


Material and methods 


Record linkage and data sources. According to the 
methods of other similar studies of maternal death,* '° 
we matched all deaths among West Virginia resident 
women aged 10 to 49 years (n = 2623) and out-of-state 
resident women dying in West Virginia (n = 351) be- 
tween 1985 and 1989 against all live births to West 
Virginia residents (n = 138,178) and out-of-state res- 
idents (n = 17,454) between 1984 and 1989. Seven ma- 
ternal deaths were reported through the state’s vital 
registration system for this period; all seven deaths 
were also identified through the linkage procedure. 
The woman’s death certificate was matched with the 
baby’s birth certificate if the woman died within | year 
of the birth. The record match was based on social 
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- security number, mother and baby’s name, and moth- 


er’s date of birth. All matches were hand-verified to 
assure correct linking of the mother-infant pair. This 
record linkage yielded a cohort of women dying within 
l year after giving birth (n = 49). Additionally, all 
women. with causes of death from International Classi- 
fication of Diseases, Ninth Revision Codes 630 through 679 
(Complications of Pregnancy, Childbirth, and Puer- 
perium), who were not identified by the record linkage 
(n = 1) were added to the linked records to be re- 
viewed. Because of a lack of unique case-identifying 
information, record matches with other pregnancy out- 
come records (i.e., abortion records, fetal death rec- 
ords) were not possible for the time of this study. The 
final set of matched-identified potential maternal death 
cases (n = 50) represents all women dying within | year 
after giving birth, including women previously identi- 
fied through vital registration as dying of maternal 
causes regardless of termination status (e.g., ectopic 
pregnancy). Data assembled for all potential maternal 
death cases (n = 50) included the woman’s death cer- 
tificate and baby’s birth certificate (certificate not avail- 
able for one ruptured tubal pregnancy). Medical rec- 
ords for the woman and the baby, including autopsy 
reports, were requested for all women dying of non- 
injury-related causes (n = 28): Hospital and medical 
records were obtained for the woman (n = 27) and the 
baby (n = 24), and autopsy reports were obtained for 
12 women (of 15 autopsies conducted). 

Obstetric review. The data assembled for all poten- 
tial maternal death cases (n = 50) were reviewed by two 
in-state and two out-of-state obstetricians. The protocol 
was approved by the West Virginia University Insti- 
tutional Review Board. 

The purpose of the ‘maternal death review team was 
to categorize each case as a maternal or nonmaternal 
death. Maternal deaths were further defined as direct 
maternal deaths or indirect maternal deaths. Opera- 
tional definitions of maternal death, direct maternal 
death, indirect maternal death, and nonmaternal 
death, on the basis of definitions used by the Maternal 
Mortality Collaborative? and the Massachusetts Medical 
Soctety’s Committee on Maternal Welfare,"' as applied 
in this study were as follows: 


Maternal death. A maternal death is a death caused 
or contributed to by pregnancy occurring during 
pregnancy or within 1 year after the end of preg- 
nancy. 


Direct maternal death. A direct maternal death is a 
death resulting from complications of pregnancy, 
labor, delivery, or their management. Also, a ma- 
ternal death is one resulting from intervention 
elected or required by the pregnancy or resulting 
from the chain of events initiated or complicated 
by the intervention. 
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Indirect maternal death. An indirect maternal death 

is a death in which pregnancy exacerbated a preex- 

isting health problem. Also, an indirect maternal 

death results from a disease developing before or 

during pregnancy that was aggravated by the phys- 

iologic effects of the pregnancy and caused death. 
Nonmaternal death. A nonmaternal death ts a death 
occurring during pregnancy or within 1 year of ter- 
mination of pregnancy but considered unrelated to 
pregnancy, its complications, or management (e.g., 
accident, homicide, suicide). 


The final case designations (direct maternal death, in- 
direct maternal death, and nonmaternal death) were 
reached by consensus among the obstetric reviewers. 

Analysis. To quantify the magnitude of maternal 
death in West Virginia, crude maternal mortality ratios 
are presented for each year of the study period (1985 
through 1989). Maternal mortality ratios were calcu- 
lated as the number of maternal deaths during a spec- 
ified period (x 100,000) divided by the total number 
of live births during the same period.” The resulting 
ratio reflects the number of women dying of maternal 
causes per 100,000 live births. Because mode of deliv- 
ery information was collected only for 1989, maternal 
mortality rates specific to vaginal and cesarean. deliv- 
eries could not be computed. To describe the circum- 
stances and characteristics of maternal death in’ West 
Virginia, basic frequency distributions are presented 
for demographic characteristics and delivery charac- 
teristics of all maternal deaths. 


Results 
Forty-nine women dying within 1 year after giving 


birth were identified by the record linkage procedures 


and were subsequently reviewed as potential maternal 
deaths (Fig. 1). In addition, one woman whose death 
resulted from a ruptured ectopic pregnancy that did 
not terminate in a live birth was identified through vital 
registration coding. | 

Of these 50 deaths reviewed, 16 432%) were deter- 
mined to be directly or indirectly related to the woman’s 
pregnancy, its management, or complications. Thirteen 
of these maternal deaths (81%) were determined to be 
directly related to the pregnancy, whereas three deaths 
(19%) were indirectly related to the pregnancy. Thirty- 
three cases (66%) were determined unrelated to the 
woman’s pregnancy: 22 cases (67%) were attributable 
to injuries (including accidents, homicide, and suicide) 
and 11 cases (33%) were attributable to non-injury- 
related causes. Insufficient information was available 
for one case; therefore a definitive designation could 
not be assigned. 

Overall, the maternal mortality ratio for the 1985 
through 1989 study period, or the risk of death from 
maternal causes among women giving birth during this 
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Fig. 1. Disposition of potential cases, maternal mortality study, West Virginia, 1985 through 1989. 


period, was 12.4 maternal deaths per 100,000 live bir:hs 
(Fig. 2). The ratio increased from 3.8 and 3.9 in 1€86 
and 1987 (respectively) to 12.1 in 1988 and 31.9 in 
1989. The actual number of maternal deaths identifed 
between 1985 and 1988 (eight deaths) equaled the 
number of deaths identified from 1989 alone. 

All women dying of maternally related causes be- 
tween 1985 and 1989 were <40 years old (Table J), 


with one death (6%) in a woman <20 years old, 10, 


` deaths (63%) in women between 20 and 29, and five 
deaths (31%) in women between 30 and 39. Fourteen 
white women (88%) and two black women (13%) died 
of maternal causes during the study period. Eleven 
maternal deaths (69%) were in women residing in rural, 
non—Standard Metropolitan Statistical Areas. As 
shown in Table I risk of maternal death was higher 
among black women and among older (230) 
women. 

All women died within 90 days of giving birth: 10 
women (63%) died within 7 days of delivery, three ad- 
ditional women (19%) died between 8 and 30 days of 
delivery, one woman (6%) died between 31 and 42 days 
of delivery, and two women (13%) died between 43 and 
90 days of delivery. Nine women (56%) gave birth. in 
non—level III hospitals, and seven women (44%) died 
in. non—level II hospitals. Six women (38%) were trans- 
ferred to level [II hospitals either before (two women) 
or after delivery (four women). The primary mode of 
delivery for women dying of maternal causes in -his 


study was cesarean section (69%), with seven emer- 
gency and four planned cesarean sections indicated in 
the records. Half of the women (50%) were delivered 
at term. 

The most frequent immediate causes of maternal 
death were hemorrhage (25%) and embolism (19%). 
Two women each died of cardiomyopathy and hyper- 
tensive disease, and one woman each died of infection 
and complications of anesthesia. Three women (19%) 
died of other indirect causes. In addition, four maternal 
deaths (25%) were complicated by preeclampsia, four 
deaths (25%) were complicated by respiratory prob- 
lems, and three deaths were complicated by anesthesia. 
Motor vehicle accidents contributed to 15 nonmaternal 
deaths (45%), with cancer cor:tributing to five non- 
maternal deaths (15%), suicide contributing to four 
nonmaternal deaths (12%), and homicide contributing 
to three nonmaternal deaths (9%). 

Finally, the woman’s recent pregnancy status was 
mentioned in the medical records of all 16 maternal 
deaths. The death certificates of 11 maternal deaths 
mentioned or referred to the woman’s recent preg- 
nancy, and seven maternal deaths were coded and re- 
ported previously from the death certificates as mater- 
nal deaths. 


Comment 


The magnitude of maternal mortality in West Vir- 
ginia during the period of 1985 to 1989 is difficult to 
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Fig. 2. Maternal mortality rates, West Virginia, 1985 through 1989. 


Table I. Demographic characteristics of maternal deaths, West Virginia, 1985 through 1989 






Characteristic 


Total cases 16 
State of residence 

West Virginia 13 

Other 3 
Age at death (yr) 

<20 l 

20-29 10 

30-39 5 
Race 

White . 14 

Black 2 
Area of residence 

Standard metropolitan sta- 5 

tistical areas 
Non-standard metropolitan 1] 


statistical areas 


interpret in a national context; annual maternal mor- 
tality ratios published by the National Center for Health 
Statistics are based on vital registration information 
alone, which has been shown to underreport maternal 
death. The national maternal mortality ratio of 8.0 ma- 
ternal deaths per 100,000 live births for 1988, the high- 
est national ratio since 1983," while most likely un- 
derreporting true maternal mortality still indicates a 
slight increase in maternal mortality over 1987 (6.1 ma- 
ternal deaths per 100,000 live births). Importantly, 
West Virginia’s maternal mortality ratio increased in 
the last 2 years (1988 and 1989) of the study period, 


Maternai deaths 









Live births 
Rate 
(per 100,000 births) 





No. 








128,932 100 12.4 
115,627 88 11.4 
15,305 12 19.6 
21,556 17 4.6 
80,302 62 12.5 
27,036 21 18.5 
123,915 96 11.4 
4,981 4 40.2 
37,409 29 13.4 
91,523 71 12.0 


essentially reflecting this increaase in maternal mortal- 
ity nationwide. Furthermore, substantial effort must be 
devoted to reducing maternal mortality in West Vir- 
ginia in concordance with the year 2000 goal of no more 
than 3.3 maternal deaths per 100,000 live births.” 
The major causes of maternal death in West Virginia 
(hemorrhage, embolism, hypertensive disease) reflect 
national findings.” This study, however, most likely un- 
derestimates true maternal mortality in West Virginia 
because the method used will not detect deaths attrib- 
uted to maternal causes, either directly or indirectly, 
unless (1) the pregnancy resulted in a live birth or (2) 
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pregnancy status was noted on the woman’s death cer- 
tificate and the certificate was coded and reported as a 
maternal death. Information collected nationally in- 
dicates that approximately 52% of all maternal deaths 
are to women whose pregnancy resulted in a live birth." 
Additionally, some nonmaternal deaths (e.g., suicide, 
accidents) may indeed be maternally related although 
not through the readily identifiable medical informa- 
tion available to reviewers. For these reasons the find- 
ings of this study may underreport true maternal mor- 
tality in West Virginia if such mortality includes deaths 
to women whose pregnancies did not terminate with a 
live birth or if the cause of death appeared to be non- 
maternal (e.g., suicide). 

The review committee approach to identifying ma- 
ternal deaths for the study period enhanced the state’s 
detection of reproduction-related deaths. Although 
vague or absent legal protection of findings from such 
review groups and, indeed, participation on such re- 
view groups threatens materral mortality review 
throughout the United States, West Virginia’s Code 
explicitly provides immunity from liability for the re- 
view group and protects the group’s findings from 
being subject to subpoena or discovery.” Importantly, 
the case ascertainment achieved through this study de- 
sign improved maternal death detection in West Vir- 
ginia by 100% over traditional vital statistics mecka- 
nisms. The woman’s pregnancy status was mentioned 
in the medical records of all maternal deaths; however, 
only seven maternal deaths were officially reported by 
vital statistics. The failure to detect five of these ma- 
ternal deaths was due to pregnancy status being missing 
from the death certificate. An additional four maternal 
deaths with pregnancy status indicated on the death 
certificate were not coded and reported as maternal 
deaths. Clearly, improvements-in the recording and 
coding of maternal cause of death could improve tza- 
ditional vital statistics systems capabilities substantially 
in the detection of maternal death. 


We thank the medical records departments of all in- 
valved hospitals and the Office of Chief Medical Ex- 
aminer for assistance and cooperation in releasing med- 


ical records information and autopsy reports. We also ` 


‘thank Joe Kennedy, Tom Leonard, Gary Thompson, 
and Tom Light of the West Virginia Health Statistics 
Center for their technical assistance in conducting the 
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computer linkages for this research and Jack Smith and 
Lisa Koonin from the Division of Reproductive Health 
at the Centers for Disease Control for their assistance 
during this project. Finally, we thank the anonymous 
in-state and out-of-state physicians who served as case 
reviewers for this project. 
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Laparoscopic diagnosis and repair of spigelian pera: 


— of a case and technique 


James E. Carter, MD, PhD, and Craig Mizes, MD 
Mission Viejo, California 


Spigelian hernia is an uncommon hernia of the abdominal wall. We report a case of acquired spigelian 
hernia diagnosed and treated by laparoscopy. With more extensive use of laparoscopy to evaluate 
abdominal pain, the diagnosis of spigelian hernia can be made and repair accomplished without need for 


open exploratory surgery. (AM J Osstet GYNECOL 1992;167:77-8.) 


Key words: Spigelian hernia, laparoscopy, abdominal wall defect 


Spigelian hernia is an uncommon defect of the ab- 
dominal wall. Bogojaviensky introduced laparoscopic 
treatment of inguinal and femoral hernias by preper- 
itoneal patch repair at the 1989 meeting of the Amer- 
ican Association of Gynecological Laparoscopists. In 
1990 Popp’ published a case of endoscopic patch repair 
in a female patient. We report the first case of spigelian 
hernia diagnosed and treated by Sa pIE tech- 
niques. 


Case report 


A 72-year-old woman was evaluated for a complaint 
of splitting lower abdominal pain of many years’ du- 
ration, which had become progressively worse. She first 
noticed the pain about 6 months after abdominal hys- 
terectomy performed in 1968 through a midline inci- 
sion. In 1967 she had a tubal ligation through a mini- 
laparotomy Pfannenstiel incision. 

Physical examination outlined an area of tenderness 
along the left side of the abdominal wall. No fascial 
defect was felt. A small umbilical hernia was noted, 
which the patient stated was there from birth. A com- 
puted tomographic scan revealed a liver abnormality 
for which a liver biopsy was recommended. 

Diagnostic approach. We performed laparoscopy 
to determine the source of the pain and to evaluate 
and perform a biopsy of the liver. The midclavicular 
line 2 cm below the right lowest rib margin was chosen 
as the puncture site for the 5 mm diagnostic laparo- 
scope. This provided access to the liver for biopsy 
and for a full view of the umbilical hernia and lower 
pelvis. - 
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The umbilical view revealed a 3 X 4 cm umbilical 
hernia defect with no adhesions. The infraumbilical 
region revealed a large omental adhesion herniating 
into a 10 cm defect in the semilunar line. The lapa- 
roscope was inserted into the gaping hernia. Palpation 


-of the abdominal wall above the defect confirmed that 


the anterior abdominal wall was intact. 

Surgical approach. Laparoscopic repair of the spi- 
gelian hernia required port sites for instrument inser- 
tion, which allowed triangulation and laparoscopic su- 
turing of the defect: the midclavicular line 3 cm below 
the costal margin, 4 cm above the umbilicus in the mid- 
line, and 5 cm lateral to the umbilicus at that level. 

The herniated omental tissues were bluntly and 
sharply dissected from within the defect. Bleeding was 
controlled with bipolar coagulation at 40 W. Once the 
defect was free of its omental contents, the abdominal 
wall was carefully inspected. No defect of the wall itself 
was visualized. | 

Repair of the hernia was then accomplished by lap- 
aroscopic placement of No. 1 Vicryl sutures on a CT 2 | 
needle in an interrupted-Figure-eight pattern. Ten su- 
tures effected complete closure. Ties were accom- 
plished with the extracorporeal knotting procedure of 
Semm? with the Marlow knot pusher. The 45-degree, 
5 mm Cook Ob/Gyn endoscopic needle driver (Kenh- 
053130) facilitated suturing on the anterior abdominal 
wall. The umbilical hernia was closed in a similar 
fashion. 

Laparoscopic suturing on the anterior abdomen was 


. facilitated by: (1) placement of suture and camera ports 


on the far coniralateral side from the defect so the 
opposite anterior wall could be viewed and the needle 
delivered to the suturing site; (2) establishment and 
maintenance-of 15 mm Hg pneumoperitoneum to as- 
sure a dome-shaped abdominal cavity; (3) external ma-. 
nipulation of the abdominal wall to bring both sides of 


_ the defect into full view; (4) use of the 45-degree-angle 


Cook needle driver to facilitate reverse acute-angle su- 
turing; (5) suture lubrication to facilitate sliding each 
throw of the knot. : 
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Comment 


The hernia described by Andrian van der Spieghel 
(1578-1625) is one of the less common anterior abdom- 
inal wall hernias. The spigelian Fernia occurs through 
congenital or acquired defects in the spigelian fascia of 
the transverse abdominis aponeurosis lying between the 
semilunar line and lateral edge of the rectus muscle. 
In 1764 Klinklosch named it Spieghel’s linear hernia. 
Spangen detailed its anatomic aspects in 1976. In 1984 
Spangen reviewed the published material on spigelian 
hernias and found that 744 patients had required sur- 
gery. No reports of laparoscopic repair have been 
made. 

Many reports of spigelian hernia emphasize the dif- 
ficulty in making the diagnosis. The nonspecific symp- 
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toms and intramural locaticn are contributing 
factors. | 

Although uncommon, spigelian hernias are a source 
of abdominal pain. Many require emergency surgery. 
Laparoscopic evaluation of abdominal pain can allow 
diagnosis before laparotomy. With the technique de- 
scribed here spigelian hernias can be repaired lapa- 
roscopically and open exploratory surgery can be 
avoided. 
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Oligohydramnios and megacolon in a fetus with vesicorectal 


fistula and anal-urethral atresia: A case report 


Mordechai Hallak, MD,* Alexander A. Reiter, MD,* Leon G. Smith, Jr., MD, 


Gary A. Dildy III, MD, and Milton J. Finegold, MD" 


Houston, Texas 


Severe oligohydramnios and extremely dilated bowel filled with hyperechogenic material floating in fluid 
were the ultrasonographic findings in a fetus at 27 weeks’ gestation. Vesicorectal communication and 

urethral-anal atresia permitted urine to empty into the colon, causing megacolon, oligohydramnios, and 
markedly increased intraabdominal pressure resulting in pulmonary hypoplasia. (Am J OBSTET GYNECOL 


1992;167:79-81.) 


Key words: Oligohydramnios, fetal vesicorectal fistula, fetal megacolon, pulmonary 


hypoplasia 


Malformations of the urogenital sinus are often as- 
sociated with oligohydramnios and cystic dilatation of 
various segments of the urinary tract. 

We present the first case to our knowledge that de- 
scribes the prenatal ultrasonographic findings of a fetus 
with anal-urethral obstruction and spontaneous de- 
compression of the urinary tract into the colon through 
a vesicorectal fistula. Autopsy findings were helpful in 
making the clinical-pathophysiologic correlations. 


Case report 

A 21-year-old primigravid woman was referred to 
our prenatal diagnostic center at 27 weeks’ gestation 
because of severe oligohydramnios. She was exposed 
to parvovirus B-19 during the first trimester of her 
pregnancy. No rash or fever was noted, yet laboratory 
tests showed elevated maternal serum parvovirus B-19 
IgG antibodies and low levels of immunoglobulin M, 
consistent with recent exposure or infection. 

The ultrasonographic examination showed severe ol- 
igohydramnios, elevated diaphragms, compressed 
chest, and markedly distended abdomen and bowel. 
The abdominal cavity was completely occupied by a 
large cystic structure containing fluid and hyperecho- 
genic substance (Fig. 1). Peristalsis-like waves were 
noted to be present within the mass. Kidneys and blad- 
der appeared normal, and no other abnormalities were 
identified. The differential diagnosis included the con- 
ditions that are known to cause fetal intraabdominal 
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Fig. 1. Ultrasonography of fetal abdomen. Arrows show outline 
of distended bowel filled with floating hyperechogenic 
material. 


calcifications. Meconium peritonitis was the leading 
consideration, although the floating nature of the hy- 
perechogenic material was atypical. Other possibilities 
were tumors (hemangioma, hemangioendothelioma, 
hepatoblastoma, teratoma, and metastatic neuroblas- 
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Fig. 2. Autopsy findings of extremely distended colon in association with urethral obstruction and 


vesicorectal fistula. 


toma) and congenital infection (toxoplasmosis, cyto- 
megalovirus). In an attempt to establish the diagnosis 
the patient was offered amniocentesis and cordocen- 
tesis for karyotype determination, as well as culture and 
serologic testing for cytomegalovirus, toxoplasmosis, 
and parvovirus. It was also intended to evaluate intes- 
tinal isozymes of alkaline phosphatase in amniotic fluid, 
as well as to perform molecular genetics studies for 
diagnosis of cystic fibrosis. However, the patient de- 
clined any invasive diagnostic procedures. 

Serial ultrasonographic examinations continued to 
show the large echogenic abdominal mass and severe 
oligohydramnios. At 36 weeks’ gestation she was ad- 
mitted to the hospital in active labor. A 2650 gm male 
infant was delivered by emergency cesarean section for 
fetal distress. Apgar scores were | and 3 at 1 and 5 
minutes, respectively. The infant was noted to have 
Potter's facies, lower-extremity deformation, markedly 
distended abdomen, imperforate anus, and ambiguous 
genitalia. Soon after delivery the infant was intubated 
and ventilated for respiratory insufficiency. Resuscita- 
tion was pursued after an episode of cardiac arrest, but 
the infant eventually died 4 hours after birth. 

The final pathologic diagnoses included pulmonary 
hypoplasia, most likely as a secondary effect of the ex- 
tremely distended colon (Fig. 2) and oligohydramnios. 
The diaphragms were elevated to the level of the third 
rib bilaterally. The colon was filled with watery, floc- 
culent, yellowish green material identified as a mixture 


of meconium and urine. A fistula was identified be- 
tween the distal bladder—proximal urethra to the rec- 
tum, and anal-urethral atresia was noted. Normal kid- 
neys and ureters, normal penis, and undescended left 
testes were seen. Neonatal blood revealed a normal 
46,XY karyotype. 


Comment 


During embryogenesis the cloaca is normally divided 
by a sheet of mesenchyme, the urorectal septum, into 
the urogenital sinus anteriorly and the rectum and up- 
per anal canal posteriorly.' This process is completed 
by 6 weeks’ gestation. In some cases, like the one pre- 
sented, incomplete separation of the cloaca by the uro- 
rectal septum occurs. This type of malformation con- 
sists of anorectal agenesis with a fistula to the proximal 
urethra in male fetuses or the vagina in female fetuses. 
The prevalence of congenital abnormalities of the anus 
and rectum in general is approximately 1 in 5000 new- 
borns. However, the prevalence of anorectal agenesis 
is even less. The associated urethral atresia in this case 
is more unique. It caused a diversion of urine into the 
colon and led to lethal complications, such as oligo- 
hydramnios and hypoplastic lungs. 

This case presented a diagnostic dilemma to the per- 
inatologist and the pediatric surgeon. This entity 
should be added to the differential diagnosis of fetal 
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abdominal mass as seen by ultrasonography. The ul- 
trasonographic findings were hyperechogenic material 
floating in an abdominal mass and severe oligohydram- 
nios in the presence of normal-appearing kidneys, ure- 
ters, and bladder. Persistent vesicorectal communica- 
tion with anal and urethral atresia permitted urine to 
empty into and distend the entire colon. The mixture 
of meconium and urine produced the ultrasonographic 
picture of hyperechogenic material floating in fluid. 
The diversion of urine protected the kidneys and ure- 
ters from obstructive dysplasia and hydronephrosis-hy- 
droureter. However, severe oligohydramnios, elevated 
diaphragms, and thoracic compression probably led 
to pulmonary hypoplasia and neonatal death. 

This malformation was considered a sporadic event 
not related to a genetic disorder, infectious etiology, or 
specific teratogens. There does not appear to be a tem- 
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poral relationship between the documented maternal 
parvovirus infection and the malformation that led to 
lethal secondary consequences. There have been no 
reports of such an association.” 

Prenatal recognition of this entity at an early stage 
might permit operative urinary diversion. In theory, 
urine diverted into the amniotic cavity could prevent 
oligohydramnios, bowel distention, or pulmonary hy- 
poplasia. 
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OBJECTIVE: We hypothesized that genetic influences act on “liability” to hysterectomy, that secular 
influences might differentially affect relative importance of genetic and environmental influences, and that 
the sources of genetic influences could be identified from reported risk factors. 

STUDY DESIGN: Hysterectomy data from an Australia-wide volunteer sample of female adult monozygotic 
and dizygotic twins are reported. In 1980 through 1982 a mailed questionnaire was completed by 1232 
monozygotic female twin pairs and 751 dizygotic female twin pairs (3966 women) from the Australian Twin 
Register (wave 1). The same twins were surveyed by questionnaire 8 years later (wave 2). 

RESULTS: A total of 366 had undergone hysterectomy by wave 1 and a further 198 at wave 2. The 
twin-pair correlations for liability to hysterectomy at wave 1 (0.61 + 0.06 for monozygotic and 0.20 + 0.11 
for dizygotic) and wave 2 (0.65 + 0.05 for monozygotic and 0.32 + 0.09 for monozygotic) indicated a 
substantial genetic contribution. Reported risk factors accounted for only 15% of total variance. 
CONCLUSION: Genetic influences on liability to hysterectomy were substantial and stable across birth 
cohorts, but the important sources of genetic influence on liability to hysterectomy are yet to be identified. 


(Am J OBSTET GYNECOL 1992;167:82-8.) 
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Hysterectomy has been the subject of considerable 
recent investigation as a result of the need to distinguish 
“real” clinical indications for the procedure from ser- 
vice provision distortions arising from health financing 
systems. In Australia the incidence of hysterectomy 
peaked in 1978,’ with an age-standardized rate of 460 
per 10°,” compared with the United States peak in 
1975.° The 1973 rate in the United States was 651 per 
10° women, still significantly higher than the age-stan- 
dardized Australian rate, which had declined to 376 
per 10° by 1983. There is less variation in rate between 
Australian states than within the United States.’ 

Investigation of patient characteristics has found var- 
iance to be associated with factors such as race, edu- 
cation, and parity.* The role of patient demand in in- 
fluencing hysterectomy rates in Australia has been 
noted,’ and high prehysterectomy levels of psychiatric 
symptoms have been reported.*’ To investigate further 
the causes of hysterectomy in Australian women, this 
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prospective two-wave study of twins sought to identify 
the relative roles of environmental and genetic factors 
on “liability” to hysterectomy and the extent to which 
these are modulated through known risk factors. Twins 
discordant for hysterectomy, particulary monozygotic 
pairs, offer the ultimate matched-pair design to detect 
the effect of independent variables measured before 
the operation, and we have taken advantage of the 106 
discordant pairs in our study for this purpose. We also 
investigated whether genetic effects could be detected 
on the age at which hysterectomy was performed in 
pairs concordant for hysterectomy. 


Methods 


Wave 1 (1980 through 1982). In 1980 through 1982, 
as part of a health survey by mailed questionnaire, in- 
formation about hysterectomy was obtained from 1983 
female twin pairs in a large sample of 3808 adult twin 
pairs from the Australian National Health and Medical 
Research Council Twin Register.*'® Questionnaires 
were mailed to 5967 twin pairs aged =18 years. Ages 
of respondents then ranged from 18 to 88 years. After 
one or two reminders to nonrespondents, completed 
questionnaires were returned by both members of 3808 
twin pairs (64% pairwise response rate). A two-item 
zygosity questionnaire was used to determine zygosity 
for same-sex pairs. Such questionnaires have been 
shown to give at least 95% agreement with diagnosis 
on the basis of extensive blood typing.’! 

Twins who were menstruating regularly at the time 
of survey were asked about cycle length, duration of 
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menstrual periods, flow, pain, and limitation related to 
menstruation. Twins who had stopped menstruating 
were asked whether this was due to hysterectomy, 
menopause, or some other cause and at what age it 
occurred. Wave | variables tested for association with 
subsequent hysterectomy status were oral contraceptive 
use and duration of use, age at menarche, history of 
pregnancy, total pregnancies, age at first pregnancy, 
terminations of pregnancy, days of menstrual bleeding, 
self-ratings (three-point scales) of heaviness of men- 
strual flow, menstrual pain, and whether menstruation 
was limiting, average menstrual cycle length, and num- 
ber of obstetric difficulties experienced, DSSI/sA (De- 
lusions-Symptoms-States Inventory/States of Anxiety 
and Depression) anxiety and depression scores,'* Ex- 
traversion and Neuroticism scores,'* educational attain- 
ment, and history of smoking. 

Wave 2 (1988 through 1990). Between 1988 and 
1990, twin pairs who had responded to the wave 1 
survey were traced and relocated for follow-up. The 
second questionnaire replicated many of the earlier 
questions, including that on hysterectomy, and in- 
cluded some new items on premenstrual syndrome and 
other potential risk factors. This two-wave design al- 
lowed us to consider wave | variables prospectively as 
possible “risk factors” for subsequent hysterectomy. 
Wave 2 variables tested for association with hysterec- 
tomy were premenstrual symptom interference in usual 
activities, self-diagnosis of “premenstrual syndrome or 
premenstrual tension,” whether treatment had ever 
been sought for premenstrual problems, perception of 
own social class, total Parental Bonding Instrument 
(PBI) score’ and PBI factor scores on parental cold- 
ness, overprotection, and discouragement of child’s au- 
tonomy, and total number of life events from a series 
of items including experience of rape or sexual assault 
and loss of a pregnancy or a child. 

Twin pair correlations. We assume that hysterec- 
tomy is performed when a threshold is crossed on an 
underlying continuum of symptoms. These symptoms 
have many (multifactorial) causes; therefore it is rea- 
sonable to assume that the continuum is normally dis- 
tributed. It is much more informative to consider the 
correlation between relatives for the continuous trait, 
or liability, than for the simple dichotomy of presence 
or absence of hysterectomy. The appropriate statistic 
that estimates this correlation in liability between twins 
is the polychoric correlation, of which the special case for 
two dichotomous variables is the tetrachoric correla- 
tion. These may be calculated with the PRELIS 1.12 
software system."° 


Results 

Response. Responses to wave | were received from 
1983 complete female pairs (1232 monozygotic and 751 
dizygotic), and 1448 (921 monozygotic and 527 dizy- 
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gotic) also answered the hysterectomy question at wave 
2 (76% of pairs where both twins were still alive). Of 
the 366 women reporting hysterectomy at wave 1, 339 
also completed the wave 2 survey. A total of 564 hys- 
terectomies was reported over the two waves (366 at 
wave l and a further 198 at wave 2), 475 being in 
responding pairs at wave 2 (319 monozygotic and 156 
dizygotic pairs). Pairwise concordance for hysterectomy 
for twins born before 1947 in wave 1 was 34.1% for 
monozygotic twins and 15.7% for dizygotic twins. At 
wave 2, for twins born before 1955, pairwise concor- 
dance was 39.4% for monozygotic twins and 21.4% for 
dizygotic twins. At wave 1 only 17 hysterectomies were 
reported by women born after 1946, and at wave 2 only 
five were reported by women born after 1954. 

Twins who had undergone hysterectomy were asked 
in both questionnaires how old they were when they 
had the operation and in the wave 2 questionnaire 
whether the hysterectomy was before, during, or after 
menopause and whether both ovaries were removed. 
The mean + SD for age at hysterectomy in wave 2 was 
40.4 years + 7.9, with a range of 18 to 76 years. Most 
hysterectomies were performed between the ages of 34 
and 43 years (53%), so most women (77%) underwent 
hysterectomy before menopause. 

Survival analysis. Hysterectomy increases in inci- 
dence with age but, as previously discussed, prevalence 
has also varied for secular reasons including changes 
in surgical fashion and health financing. Both these 
temporal effects may differentially affect the impor- 
tance of genetic and environmental influences on hys- 
terectomy, and it is important to try to disentangle 
them. Fortunately, the two-wave design of our study 
gives some scope for this. It is also important to ensure 
that any such temporal effects are similar in the mono- 
zygotic and dizygotic subsamples. 

Survival to age at hysterectomy was calculated for 
twins in the two study waves. The most powerful test 
of secular change in hysterectomy rates was comparison 
of women aged =40 in wave 1 (born before 1940) with 
those in the same age group at wave 2 (born before 
1948). There was overlap in the two samples, because 
women born before 1940 who responded to wave 2 
were also in the second sample. Nevertheless, we see a 
marked secular increase in hysterectomy rates (Fig. 1) 
in the wave 2 sample (Lee-Desu x’, = 9.49, p = 0.002). 
There was no heterogeneity in survival to hysterectomy 
between older (>40 years) monozygotic and dizygotic 
twins at wave | (x?, = 2.76, p = 0.10) or wave 2 
(x° = 0.89, p = 0.35). 

Twin correlations. Because hysterectomy incidence 
varies with age and also for secular reasons, we tabu- 
lated the tetrachoric correlations (and their asymptotic 
standard errors) for liability to hysterectomy in mon- 
ozygotic and dizygotic twins for three age bands (34 to 
40, 41 to 48, and >48 years) and for the total sample 
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Fig. 1. Probability of reaching given age without hysterectomy in women aged >40 in waves | and 
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Table I. Concordance for presence or absence of hysterectomy and twin pair correlations in liability by 
zygosity, age group, and study wave 






Monozygotic Dizygotic 





l pre-1932 148 242 0.60 + 0.08 145 -0.04 + 0.15 
2 pre-1940 126 79 270 0.58 + 0.07 ra js 143 0.15 + 0.14 
l 1932-1939 77 34 18 129 0.54 + 0.12 45 19 5 69 0:31 = 0,22 
2 1940-1947 111 30 14 1955 0.62 + 0:11 58 28 7 93 0.28 + 0.19 
l 1940-1946 144 17 4 165 0.57 + 0.17 96 15 3 114 0.46 + 0.21 
2 1948-1954 170 28 10 208 0.62 + 0.12 104 14 2 120 0.38 + 0.24 
TOTAL 
l pre-1947 369 110 Sa 536 0.61 + 0.06 220 91 17 328 0.20 + 0.11 
2 pre-1955 407 137 89 633 0.65 + 0.05 230 99 27 356 0.32 + 0.09 


H-H-, Hysterectomy absent in both twins; H*H , hysterectomy present in one twin and absent in the other; H* H+, hysterectomy 
present in both twins. 


(aged >33 years) in both waves of the study (Table I). gested that genetic influence might be operating on the 
The first point to notice is that correlations are re- timing of hysterectomy (r = 0.49 + 0.11 for monozy- 
markably consistent between waves for the same age gotic and r = 0.15 + 0.22 for dizygotic), as well as on 
band, and this gives us confidence that secular changes “liability” to hysterectomy. This was not apparent at 
in incidence have little effect on twin correlations. Sec- wave 1, because monozygotic and dizygotic correlation 
ond, the monozygotic correlations are remarkably con- coefficients were of equal magnitude (r = 0.50 + 0.14 
sistent (around 0.6) in all age bands. In contrast, the for monozygotic and r = 0.50 + 0.25 for dizygotic), 
dizygotic correlations appear to increase from the old- suggesting that variation might be due to environmen- 
est to the youngest age band, although the standard tal influences only. Note, however, that numbers are 
errors are large. small (Table I) and that there were only 17 concordant 
Pearson correlations for age at hysterectomy withm dizygotic pairs at wave I. 


pairs concordant for hysterectomy at wave 2 sug- Model fitting to test for heterogeneity. The decline 
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in the dizygotic correlation for hysterectomy liability 
with increasing age suggests that the relative impor- 
tance of genetic and environmental influences may also 
vary with age, genetic factors becoming more important 
in older women. To test this formally, we used LISREL 
7.16” software to fit models of variation simultaneously 
to monozygotic and dizygotic correlations for the three 
age bands. Variance disaggregates into three compo- 
nents: additive gene action (h), environmental influ- 
ences specific to the individual (e), and either environ- 
mental effects common to both cotwins (c) or nonad- 
ditive gene action (d) (for example, dominance or 
epistasis). 

Fitting the simplest model consistent with the ob- 
served correlations (comprising only h and e) to the 
three cohorts in wave | resulted in a very good fit 
(x2, = 5.47). Adding shared environment (x*, = 5.47) 
or nonadditivity (x°, = 4.41) did not significantly im- 
prove fit, and dropping gene action from the model 
(c and e, no h) significantly worsened fit (x*; = 14.88, 
p = 0.011). Also with wave 2, models fitted to the three 
birth cohorts simultaneously resulted in a best-fitting 
simple model comprising h and e (x’; = 1.35). Again, 
fit significantly worsened when h was dropped (ce model 
x, = 11.09, p = 0.05). These results are not consistent 
with the existence of heterogeneity in genetic and en- 
vironmental effects between older and younger twins. 
Estimates of heritability of liability were consistent 
across study waves (k? = 0.56 for wave 1 and h* = 0.59 
for wave 2), affirming that genetic predisposition to 
hysterectomy was stable and not influenced by chang- 
ing environmental influences. Any significant influence 
of shared environment was also rejected. 

Covariates of hysterectomy. Polychoric correlations 
were computed between the potential risk factors in 
Methods and post—wave | hysterectomy. Wave 2 re- 
ports of whether premenstrual symptoms ever inter- 
fered “with work, daily activities, usual social events or 

. relationships with others” (retrospective) were the 
most highly correlated with hysterectomy. All signifi- 
cant covariates are presented in Table II. Hypotheses 
concerning preexisting psychologic morbidity and ex- 
periences of loss in women undergoing hysterectomy 
were not supported by our data. 

Twins discordant for hysterectomy. Discordant twin 
pairs, especially monozygotic pairs, provide an ideal 
case-control design. Variables hypothesized as precur- 
sors of hysterectomy were tested for the 106 twin pairs 
discordant for “new” hysterectomy, where one twin had 
a hysterectomy after the wave | survey and her cotwin 
had not had a hysterectomy by wave 2 (see Table III). 
“New” hysterectomy was selected because the two-wave 
design allowed for characteristics reported at wave | to 
be reported independently of the subsequent opera- 
tion. We performed ¢ tests on continuous variables. 
Fisher’s exact test was used on contingency tables to 
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Table II. Significant wave | covariates* of 
subsequent hysterectomy in twins born 
before 1955 


Covariate | r 


1. Premenstrual syndrome symptoms inter- 0.28 
fered evert 
2. Limitation by menstruation 0.23 
3. Menstrual flow 0.22 
4. Average length of menses (days of bleeding) 0.19 
5. Menstrual pain (dysmenorrhea) 0.17 
6. No. of obstetric problems 0.15 
7. Length of average menstrual cycle — 0.08 
8. Neuroticism score 0.06 
9. Education level — 0.05 





*Sample size of 1530 to 2263. All correlations significant at 
p < 0.001 level except 7 and 8 (p < 0.01) and 9 (p < 0.05). 


+Reported retrospectively at wave 2. 


detect significant differences in rates of endorsement 
of extreme values of categoric variables (for example, 
“very painful” menses vs “moderately painful” or “no 
trouble”). 

In discordant pairs, liability to hysterectomy was as- 
sociated with the extreme category of “very painful” 
periods (odds ratio 9.99, 95% confidence interval 2.58 
to 38.89). Also risk factors, but to a lesser extent, were 
the extreme categories of retrospectively reported in- 
terference of premenstrual symptoms in usual activities 
(“a lot”) (odds ratio 5.64, 95% confidence interval 1.70 
to 18.68), having ever suffered from premenstrual syn- 
drome (odds ratio, 2.04, 95% confidence interval 1.05 
to 4.05), previous “heavy” menstrual flow (odds ratio 
2.19, 95% confidence interval 1.04 to 4.58), and having 
ever sought treatment for premenstrual syndrome 
(odds ratio 2.08, 95% confidence interval 1.00 to 4.41). 
Reporting “very limiting” periods (odds ratio 3.24, 95% 
confidence interval 0.74 to 14.15) was not a significant 
risk factor. 

Multivariate path analysis. To see how much of the 
variance in liability to hysterectomy could be explained 
by these covariates, a simple multivariate path model 
was fitted with LISREL software (Fig. 2). The influence 
of particular variables may appear inconsistent with the 
odds ratios reported previously because the highest 
odds ratios were found for the rarest events (i.e., those 
with least frequent endorsement) and in the path anal- 
ysis the entire distributions are entered. Our path 
model had the advantage of specifying one-way effects 
from the possible risk factors to the underlying risk of 
hysterectomy and ipso facto of addressing the latent 
variable rather than only the observed event. We were 
unable to explain satisfactorily the basis of the genetic 
variance in liability to hysterectomy by identifying ge- 
netic and environmental influences on reported risk 
factors. The major covariates of hysterectomy mea- 
sured in our study accounted for only 15% of the phe- 
notypic variance in liability to hysterectomy. Cholesky 
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Fig. 2. Path model for causes of variation in liability in hysterectomy. Genetic and unique environ- 
mental sources of variation specific to each variable are denoted g and e. Paths between measured 
variables denote direct phenotypic influence. Percentages on paths indicate percent of variance in 


target variable contributed by each source. 


saturation of the model to allow for all in- 


tercorrelations'® ° 


similarly revealed no notable genetic 
loading of hysterectomy on other risk factors but con- 
siderable environmental loading (data not shown). 
Thus genetic influences on liability to hysterectomy can 
be ascribed only in small part (perhaps 10%) to genetic 
influences on identified risk factors, so the major her- 


itable factors are yet to be identified. 


Comment 


We have found clear evidence of genetic influences 
on liability to hysterectomy. These influences are stable 
across birth cohorts in which there are differences in 
incidence because of both aging and secular changes 
in surgical practice and health financing. Our analysis 
of reported risk factors has not revealed the basis of 
the largest part (85%) of the variance in liability to 
hysterectomy, and at least half of this is due to uni- 
dentified genetic factors. Extent of perceived interfer- 
ence of premenstrual problems, accounting for <5% 
of variance, was ahead of other menstrual dysfunction 
variables as risk factors for hysterectomy. The person- 
ality trait Neuroticism was barely a significant covariate 
and certainly played no notable role in explaining the 
variance. Measures of depression and anxiety proved 
to have no explanatory relevance. Our findings do not 


support the important role of these psychologic di- 
mensions in risk for hysterectomy claimed by some au- 
thors.” ’ 

Central to our interpretation of higher monozygotic 
than dizygotic twin correlations as evidence for genetic 
influence on hysterectomy liability is the assumption 
that monozygotic twins experience environmental 
treatments no more similarly than their dizygotic coun- 
terparts, at least insofar as these treatments pertain to 
the trait in question, in this case hysterectomy. ‘This 
“equal environments assumption” has been challenged 
on the grounds that there is indeed a higher “environ- 
mental” correlation between monozygotic than dizy- 
gotic twin pairs. Evidence suggests, however, that any 
such effect arises because monozygotic twins, being ge- 
netically identical, create more similar environments 


20-2: 


for themselves.” ”™ If some monozygotic twins were be- 
coming concordant for hysterectomy from frivolous 
reasons of imitation rather than genuine medical need, 
one might expect the prevalence to be higher in mon- 
ozygouc than dizygotic twins; however, as our survival 
analysis shows, there is no significant difference in the 
rates of the two zygosity groups. This does not support 
the possibility either that physicians might have treated 
adult dizygotic twins (as individuals) differently from 
monozygotic twins or that monozygotic twin pairs were 
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Table III. Significant differences in pairs who became discordant for hysterectomy between wave | and 
wave 2 


Discordant pairs (H* H`) 
Monozygotic plus dizygotic 


Monozygotic Dizygotie 
(66 pairs) (40 pairs) (106 pairs) 
p 
28.6 4.1 0.001 16.7 0.0 0.026 24.1 2.5 0.000 
5.9 
24.3 
34.0 
72.9 


4.9 0.001 5.5 4.8 0.071 5.7 4.9 0.000 
6.1 0.009 Izi 0.0 0.057 19.5 3.8 0.001 


“Very painful” menses (%) 

Days of bleeding 

Premenstrual syndrome 
interfered “a lot” (%) 


“Heavy” flow (%) 22.6 0.075 30.0 10.0 0.042 32.5 18.1 0.015 

“Premenstrual syndrome” 62.5 0.096 72.7 48.5 0.027 72.8 56.8 0.014 
suffered (%) 

Treatment for premen- 34.7 24.5 0.096 28.1 9.4 0.042 32.1 19.8 0.020 
strual syndrome (%) 

Menses “very limiting” (%) 10.3 5.4 0.237 10.3 0.0 0.118 10.3 2.9 0.066 

Years of using oral con- 4.1 3.7 0.473 4.1 59 0.023 4.] 4.5 0.333 


traceptives 





H+, Hysterectomy present; H`, hysterectomy absent. 


more likely to be referred to the same specialist as di- 
zygotic twin pairs. Similarly, the argument that, if the 
increased dizygotic twinning in older mothers is ge- 
netically influenced, there might be selection against 
earlier hysterectomy in dizygotic twins compared with 
monozygotic twins is not supported by the similar age- 
at-hysterectomy distributions in the two zygosity 
groups. 

Limitations of the study demanding acknowledge- 
ment are: (1) data censoring, (2) validity of self-re- 
porting, and (3) representativeness of the sample. Us- 
ing twin pairs discordant for recent hysterectomy in- 
creases the likelihood of the cotwin having a future (and 
yet-to-be-reported) hysterectomy after wave 2. Analysis 
of hysterectomy, like analysis of many procedures, 
events, or illnesses of importance to epidemiologists, is 
influenced by the problem of timing of onset, leading 
to data censoring.” Only if subjects were assessed at 
death could the exact lifetime prevalence of hysterec- 
tomy be known. The approach of Neale et al.” will be 
used in future analyses to deal with the problem, which 
has also arisen in analyses of appendectomy” and 
tonsillectomy” twin data. 

All variables were measured by self-report; hyster- 
ectomy was not validated by the twin in person, her 
cotwin, or a medical practitioner. For most women, 
however, hysterectomy would be a noteworthy event 
requiring hospitalization and therefore would likely be 
more accurately reported than less well-defined med- 
ical conditions. The wave 1 questionnaire actually 
stated that hysterectomy was “removal of the womb.” 
In support, none of the twins who answered “no” to 
hysterectomy at wave 2 had said “yes” at wave 1. When 
age at hysterectomy was reported at both waves, the 
Pearson correlation for the two reports was r = 0.94 


(p < 0.001), suggesting acceptable consistency in re- 
porting over an average of 8 years. 

The twin sample has been shown to be representative 
of the Australian population on a number of variables, 
such as drinking behavior,” personality factors, and 
anxiety and depression.® The wave | sample was un- 
selected for anything except volunteering to enroll in 
the Australian National Health and Medical Research 
Council Twin Register and returning the question- 
naire. On the basis of age-specific hysterectomy rates 
in the Australian State of New South Wales in 19853, 
the expected cumulated total proportion of women 
having lost a uterus was 29% (25% for a 65-year-old 
woman).2 Our cumulated risk of hysterectomy in the 
wave | sample (1980 through 1982) was 31% at age 65, 
a higher but comparable proportion. At wave 2 the 
cumulated risk was 41% at age 60, reaching a maximum 
of 43%, which is higher than might be expected from 
1983 projections, although the modal year of wave 2 
data collection was 1989, for which we have no nor- 
mative data and numbers were relatively small in these 
older age groups. 

We intend to include medical and pathology records 
relating to hysterectomy in further analysis to help elu- 
cidate the sources of genetic influence. We need to com- 
pare the distribution of indications for the hysterec- 
tomies in monozygotic and dizygotic twins. Clinical 
symptoms presented to twins’ medical practitioners 
may have differed from the self-reported characteris- 
tics assessed in this study. Hysterectomy may have fol- 
lowed wave | reports by between | and 8 years; there- 
fore there may be considerable heterogeneity in our 
sample in the relationship with antecedent “risk fac- 
tors.” Lack of consensus concerning recognition and 
significance of medical indications may make retro- 
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spective interpretation difficult.* Nevertheless, we plan 
to gather information on indications and the twins’ rea- 
sons for hysterectomy in a new phase of the study. The 
power of our findings will be further tested by analysis 
of data being collected on hysterectomy from these 
twins’ mothers, sisters, and adult daughters and from 
female relatives of male twins in the Australian Twin 
and Family Study. 


We thank Dr. Rosemary Jardine and Marilyn Olsen 
for assistance with wave | data collection, and Ulrich 
Kehren, Olivia Zheng, Joanne Caldwell, Sue Mason, 
and all team members for assistance with wave 2 data 
collection. We also thank Dr. David Duffy for help with 
data analysis. 
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Serious as well as minor side effects may occur. The most common side effect which has been 
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BRIEF SUMMARY OF PRESCRIBING INFORMATION. CONSULT THE PACKAGE LITERATURE FOR 
FULL PRESCRIBING INFORMATION. 

Indications and Usage 

The NORPLANT SYSTEM is indicated for the prevention of pregnancy and is a long-term (up to 
5 years) reversible contraceptive system. The capsules should be removed by the end of the 5th 
year. New capsules may be inserted at that time if continuing contraceptive protection is desired. 
Contraindications 

1. Active thrombophlebitis or thromboembolic disorders. 2. Undiagnosed abnormal genital 
bleeding. 3. Known or suspected pregnancy. 4. Acute liver disease; benign or malignant liver 
tumors. 5. Known or suspected carcinoma of the breast. 

Warnings 

A. WARNINGS BASED ON EXPERIENCE WITH THE NORPLANT SYSTEM 


1. Bleeding Irregularities — Most women can expect some variation in menstrual bleeding patterns. 
Irregular menstrual bleeding, intermenstrual spotting, prolonged episodes of bleeding and spotting, 


and amenorrhea may occur, and could mask symptoms of cervical or endometrial cancer. Overall, 
these irregularities diminish with continued use. Because amenorrhea may occur, missed 
menstrual periods cannot serve as the only identifier of early pregnancy. Perform pregnancy tests 
whenever pregnancy is suspected. If pregnancy occurs, the capsules must be removed. 
Hemoglobin concentrations found in clinical trials generally indicated that reduced menstrual blood 
loss is associated with NORPLANT SYSTEM use. Blood loss resulting in hemoglobin values 
consistent with anemia occurred rarely. 

2. Delayed Follicular Atresia — Atresia of the follicle is sometimes delayed, resulting in enlarged 
follicles that are clinically indistinguishable from ovarian cysts. In the majority of women, enlarged 
follicles disappear spontaneously. Rarely, they twist or rupture and surgical intervention may be 
required. 

3. Ectopic Pregnancies — Ectopic pregnancies have occurred among NORPLANT SYSTEM users, 
although clinical studies have shown no increase in the rate of ectopic pregnancies per year among 
NORPLANT SYSTEM users as compared with users of no method or of IUDs. The incidence among 
NORPLANT SYSTEM users (1.3 per 1000 woman-years) was significantly below the rate estimated 
for noncontraceptive users in the U.S. (2.7 to 3.0 per 1000 woman-years). Ectopic pregnancy risk 
may increase with duration of NORPLANT SYSTEM use and increased weight of the user. Rule out 
ectopic pregnancy in any patient presenting with lower-abdominal pain. 

4. Breast-feeding — Steroids are not the contraceptives of first choice for lactating women. 
Levonorgestrel has been identified in breast milk. Limited data suggests no significant effects on 
infant growth or health when mothers used the NORPLANT SYSTEM beginning 6 weeks after 
parturition. 

5. Foreign-body Carcinogenesis — Rarely, cancers occur at foreign-body intrusion sites or old 
scars. None has been reported in NORPLANT SYSTEM Clinical trials and risk to users is judged to 
be minimal. 

6. Thromboembolic Disorders — Remove capsules if active thrombophlebitis or thromboembolic 
disease develops. With prolonged immobilization removal should be considered. 

B. WARNINGS BASED ON EXPERIENCE WITH COMBINATION (PROGESTIN PLUS ESTROGEN) 
ORAL CONTRACEPTIVES (OCs) 

Note: Many of the side effects or risks listed below are thought to be estrogen-related; the 
association of the NORPLANT SYSTEM progestin-only method to these risks is unknown. 

1. Cigarette Smoking — Cigarette smoking increases the risk of serious cardiovascular side effects 
from combined OC use. Risk increases with age and heavy smoking (215 cigarettes/day) and is 
quite marked in women over 35 years old. 

2. Elevated Blood Pressure — \ncrease in blood pressure has been reported in combination OC 
users; prevalence increases with long exposure. 

3. Thromboembolic Disorders and Other Vascular Problems — An increased risk of 
thromboembolic and thrombotic disease is associated with combination OC use. Estimate of 
relative risk is 4- to 11-fold higher for users vs. nonusers. 

Cerebrovascular Disorders: Combination OCs increase the relative and attributable risk of 
cerebrovascular events (thrombotic and hemorrhagic strokes). Generally, risk is greatest among 
hypertensive women > 35 years of age who smoke. 

Myocardia! Infarction (MI): An increased risk of MI has been attributed to combined OC use. This is 
thought to be primarily thrombotic in origin and related to the estrogen component. Increased risk 
occurs primarily in smokers or women with other underlying risk factors for coronary-artery 
disease. Relative risk of heart attack for combined OC users is estimated as 2 to 6 times that for 
nonusers. Absolute risk is very low for women under 30 years old. 

Studies indicate a significant trend toward higher MI and stroke rates with increased progestin 
doses in combination OCs. However, recent data indicated no increased MI risk with past use of 
levonorgestrel-containing OCs. 

4. Carcinoma — Recent evidence in the literature suggests no association between OC use and 
increased risk of breast cancer in the overall population of users. The Cancer and Steroid Hormone 
(CASH) study also showed no latent effect on breast cancer risk for at least a decade following 
long-term use. Some of these same studies have shown an increased relative risk of breast cancer 
in certain subgroups; no consistent pattern has been identified. Some studies suggest an 
association between combination OCs and an increase in the risk of cervical intra-epithelial 
neoplasia in some populations of women. The extent to which such findings may be due to 
differences in sexual behavior and other factors remains controversial. A cause-and-effect 
relationship between combined OC use and breast or cervical cancer has not been established. 
Combination OCs may decrease ovarian and endometrial cancer risk. Irregular bleeding patterns 
associated with NORPLANT SYSTEM use could mask cervical or endometrial cancer symptoms. 
5. Hepatic Tumors — Hepatic adenomas are associated with combination OC use; estimated 
incidence is 3 events per 100,000 users per year. Risk increases after 4 or more years of use. 
Hepatic adenomas are benign but may rupture and cause death through intra-abdominal 
hemorrhage. 

6. Ocular Lesions — Retinal thrombosis is associated with OC use and is believed to be relatec to 
the estrogen component. However, NORPLANT SYSTEM capsules should be removed if there is 
unexplained partial or complete vision loss; onset of proptosis or diplopia; papilledema; or retinal 
vascular lesions. Undertake appropriate diagnostic and therapeutic measures immediately. 

7. Use Before or During Early Pregnancy — Extensive epidemiological studies reveal no increased 
risk of birth defects when OCs are used prior to pregnancy. Studies also do not suggest a 
teratogenic effect when taken inadvertently during early pregnancy. No evidence suggests that risk 
with NORPLANT SYSTEM use is different. 
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8. Gallbladder Disease — Early studies reported an increased lifetime relative risk of gallbladder 
surgery in OC or estrogen users. More recent studies, however, indicate that the relative risk of 
gallbladder disease with OC use may be minimal; this may be related to use of OCs with less 
estrogen and progestin content. 

Precautions 

GENERAL: 

1. Physical Examination and Follow-up — A complete medical history and physical examination 
should be taken prior to implantation or reimplantation of NORPLANT SYSTEM capsules and at 
least annually during its use. Exams should include special reference to the implant site, blood 
pressure, breasts, abdomen and pelvic organs, including cervical cytology and relevant laboratory 
tests. Rule out malignancy in cases of undiagnosed, persistent or recurrent abnormal vaginal 
bleeding. Women with a strong family history of breast cancer or who have breast nodules should 
be monitored with particular care. 

2. Carbohydrate Metabolism — Altered glucose tolerance is found in some combination and 
progestin-only OC users. Effects of NORPLANT SYSTEM on carbohydrate metabolism appear 
minimal. Observe diabetic and prediabetic patients carefully while using the NORPLANT SYSTEM. 
Follow women being treated for hyperlipidemias closely if using the NORPLANT SYSTEM. Some 
progestins may elevate LDL and may render control of hyperlipidemias more difficult. (See 
Warnings.) 

3. Liver Function — Consider removing capsules if jaundice develops. Steroid hormones may be 
poorly metabolized in patients with impaired liver function. 

4. Fluid Retention — Steroid contraceptives may cause some degree of fluid retention. Prescribe 
with caution, and careful monitoring, in patients with conditions possibly aggravated by fluid 
retention. 

5. Emotional Disorders — Consider removing capsules if significant depression occurs since the 
symptom may be drug-related. Observe carefully those with history of depression and consider 
removal if depression recurs to a serious degree. 

6. Contact Lenses — Contact-lens wearers who develop visual changes or changes in lens 
tolerance should be assessed by an ophthalmologist. 

7. Insertion and Removal — Insertion is advised during the first 7 days of the cycle or immediately 
following abortion to insure that the woman is not pregnant and to assure contraceptive 
effectiveness during first cycle of use. Capsules may be inserted at any time during the cycle 
provided pregnancy has been excluded and a nonhormonal contraceptive method is used for the 
remainder of the cycle. Insertion is not recommended before 6 weeks postpartum in breast-feeding 
women. Follow insertion and removal instructions closely. Healthcare professionals are strongly 
advised to be instructed in the procedures before they attempt them. Proper insertion just under the 
skin facilitates removals; proper insertion and removal should result in minimal scarring. If all 
Capsules cannot be removed at first attempt, attempt removal later when the site has healed. 
Bruising may occur at implant site during insertion or removal. Hyperpigmentation may occur over 
implant site but is usually reversible following removal. See Full Prescribing Information for 
Detailed Insertion/Removal Instructions. 

8. infections — Implant site infection has been uncommon (0.7%); aseptic technique and proper 
insertion/removal reduces possibility of infection. Institute treatment if infection occurs; remove 
capsules if infection persists. 

9. Expulsion — Expulsion of capsules was uncommon; frequency increased when capsule 
placement was extremely shallow, was too close to incision, or when infection was present. 
Replace expelled capsule with new sterile capsule. Treat and cure any infection before replacement. 
Contraceptive efficacy may be inadequate with fewer than 6 capsules. 

10. Provisions for Removal — Advise women that capsules may be removed at any time for any 
reason. Personnel instructed in removal technique should perform removal on request or at the end 
of 5 years of usage. Upon removal, dispose of capsules in accordance with Centers for Disease 
Control Guidelines for biohazardous waste. 

DRUG INTERACTIONS: Reduced efficacy (pregnancy) in NORPLANT SYSTEM users has been 
reported when phenytoin or carbamazepine were used concomitantly. Warn NORPLANT SYSTEM 
users of possible decreased efficacy with use of related drugs. 

DRUG/LABORATORY TEST INTERACTIONS: 1. Sex-hormone-binding globulin concentrations are 
decreased. 2. Thyroxine concentrations may be slightly decreased and triiodothyronine uptake 
increased. 

CARCINOGENESIS: See Warnings section and Full Prescribing Information. 

PREGNANCY: Pregnancy Category X. See Warnings section and Full Prescribing Information. 
NURSING MOTHERS: See Warnings section and Full Prescribing Information. 

INFORMATION FOR THE PATIENT: See Patient Labeling. Provide copy of patient labeling to the 
patient. Advise patients that Prescribing Information is available upon request. Inform prospective 
users of risks and benefits associated with NORPLANT SYSTEM use, with other forms of 
contraception, with no contraception, and about insertion/removal procedures. Informed consent 
from all patients may be desired in light of techniques involved with insertion and removal. 
Adverse Reactions 

The following have been associated with the NORPLANT SYSTEM during first year of use: many 
bleeding days or prolonged bleeding (27.6%); spotting (17.1%); amenorrhea (9.4%); irregular 
(onsets of) bleeding (7.6%); frequent bleeding onsets (7.0%); scanty bleeding (5.2%); pain or 
itching near implant site - usually transient - (3.7%); infection at implant site (0.7%); removal 
difficulties affecting subjects - based on 849 removals - (6.2%). 

Controlled clinical studies suggest that the following, occurring during the first year, are probably 
associated with NORPLANT SYSTEM use: headache; nervousness; nausea; dizziness; adnexal 
enlargement; dermatitis; acne; change of appetite; mastalgia; weight gain; hirsutism, hypertrichosis, 
and scalp-hair loss. The following were reported with a frequency of 5% or greater during the first 
year and possibly may be related to NORPLANT SYSTEM use: breast discharge; cervicitis; 
musculoskeletal pain; abdominal discomfort; leukorrhea; vaginitis. 

Overdosage 

Overdosage may cause fluid retention with its associated effects and uterine bleeding irregularities. 
Dosage and Administration 

The NORPLANT SYSTEM consists of six Silastic® capsules, each containing 36 mg of the progestin, 
levonorgestrel. The total administered (implanted) dose is 216 mg. Implantation of all six capsules 
should be performed during the first 7 days of the onset of menses by a healthcare professional 
instructed in the NORPLANT SYSTEM insertion technique. Insertion is subdermal in the midportion 
of the upper arm about 8 to 10 cm above the elbow crease. Distribution should be in a fanlike 
pattern, about 15 degrees apart, for a total of 75 degrees. Proper insertion will facilitate later 
removal. (See Full Prescribing Information for Detailed Insertion/Removal Instructions.) 
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OBJECTIVES: Our objectives were to describe the maternal and fetal hemodynamic impact of a 1 U acute 
blood loss during pregnancy and to compare the hemodynamic responses of pregnant women with those 


of nonpregnant controls. 


STUDY DESIGN: With Doppler techniques cardiac output and total peripheral vascular resistance were 
determined in 16 pregnant women in the third trimester and in 16 nonpregnant volunteers before and 
during orthostatic stress, before and after donation of 450 ml of whole blood. In pregnant women the fetal 
umbilical artery systolic/diastolic ratio was also determined. Data were subjected to multiple logistic 


regression analysis. 


RESULTS: In both groups orthostasis provoked significant decreases in cardiac output and increases in 
total peripheral vascular resistance. The hemodynamic effects of blood loss were less pronounced and did 
not significantly change the hemodynamic response to orthostasis in either group. Neither orthostasis nor 
blood loss caused significant changes in the umbilical systolic/diastolic ratio. 

CONCLUSION: These data support the hemodynamic safety of uncomplicated autologous blood donation 


during late pregnancy. (Am J OssteT GYNECOL 1992;167:89-93.) 


Key words: Hemodynamics, autologous blood donation, pregnancy 


The precise hemodynamic impact of a 1 U acute 
blood loss on systemic and fetoplacental perfusion has 
not been described in normal human pregnancy or in 
nonpregnant individuals. Outcome measures such as 
vital signs and the frequency of vasovagal episodes or 
fetal parameters such as Apgar score, birth weight, and 
frequency of fetal distress are crude and too easily in- 
fluenced by factors other than those directly related to 
phlebotomy. However, methods now exist to study both 
the maternal and fetoplacental circulatory beds in a 
noninvasive and reproducible fashion. 

The collection, storage, and use of autologous blood 
during the third trimester of pregnancy have been de- 
scribed since 1969.' Predonation and use of autologous 
blood is thought by some to be underused in the general 
population scheduled for elective surgery.” Although 
autologous blood donation appears to be gaining in 
overall popularity,’ its utility in the pregnant population 
at risk for excessive obstetric blood loss remains 
under considerable debate.*® Analysis of older case 
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reports!” * and more recent published series”"* of au- 
tologous blood donation and administration during 
pregnancy appears to confirm the overall clinical safety 
of this blood banking technique. However, few if any 
cases have been studied in sufficient detail to permit 
conclusions about hemodynamic consequences of au- 
tologous donation other than maternal and fetal pulse 
and maternal blood pressure. 

We report the results of a prospective study designed 
to characterize in some detail the maternal and fetal 
hemodynamic effects of the loss of 1 U of whole blood 
obtained for autologous use during the third trimester 
of pregnancy. These hemodynamic effects are com- 
pared with those observed in an age-matched cohort 
of nonpregnant female volunteer blood donors. 


Material and methods 


Study population. Sixteen pregnant women from the 
University of Washington and Harborview Medical 
Center antepartum clinics or patients referred by com- 
munity obstetricians for this study were enrolled. In 
addition, we recruited 16 nonpregnant women from 
volunteers at the University of Washington women’s 
clinics and at Puget Sound Blood Center blood drives. 
All study subjects met the following enrollment criteria: 
(1) reproductive age (18 to 40 years) with regular men- 
ses; (2) no history of vascular, renal, endocrine, or he- 
matologic disease; (3) no vasoactive medication (in- 
cluding oral contraceptive) use or substance (including 
tobacco) abuse; (4) prephlebotomy fingerstick hemat- 
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Table I. Hemodynamic data* 













Total 
pertpheral 


resistance 







Fetal umbilical 
systolic/ diastolic 
ratio 













Cardiac 
output 


Mean arterial 
pressu re 










Heart rate Stroke volume 





Before phlebotomy—supine 


Control 84.26 + 7.12 6.27 + 157 1149 + 336 66.6 + 8.7 94.16 + 21.82 — 

Pregnant 76.71 + 7.92 8.41 + 205 821 + 205 83.8 + 10.7 95.79 + 27.64 2:57 = 0.51 
Before phlebotomy—standi ng 

Control 89.4] + 5.79 4.14 + 1.29 1953 + 616 77.6 + 9.8 53.93 + 17.32 — 

Pregnant 85.84 + 7.46 6.22 + 129 1157 + 294 95.0 + 11.5 65.17 + 11.70 2.42 + 0.53 
After phlebotomy —supine 

Control 80.59 + 8.51 5.86 + 1.42 1178 + 388 65.1 + 6.6 90.03 + 22.64 — 

Pregnant 18.73 + 9.95 rae = iy 898 + 261 80.9 + 6.9 93.96 + 24.42 2.63 + 0.84 
After phlebotomy—standing 

Control 87.97 + 9.23 3.99 + 107 1894 + 598 90.3 + 14.0 44.86 + 12.86 — 

Pregnant 84.56 + 7.74 5.95 + 129 1181 + 262 97.9 + 9.6 59.61 + 13.00 2.28 Æ 0,27 





*Expressed as mean + 1 SD. 


ocrit 234%; (5) American Association of Blood Banks 
standards for autologous or homologous blood dona- 
tion met”; and (6) informed consent obtainable, All 
pregnant subjects met the following additional criteria: 
(1) singleton pregnancy at 24 to 36 weeks’ gestation; 
(2) normotensive at first prenatal visit and at enroll- 
ment; (3) no premature labor or abnormal placenta- 
tion; and (4) normal fetal growth with no fetal anom- 
alies. 

Instrumentation. The maternal and volunteer donor 
circulation were studied by A- and B-mode ultraso- 
nography. With the UltraCOM cardiac output monitor 
and the methods described by Easterling et al.'* ultra- 
sonographic measurements of the aortic root diameter 
were obtained; these measurements were used to cal- 
culate the aortic cross-sectional area. A time-velocity 
profile of blood flow in the ascending aorta was gen- 
erated with continuous wave Doppler ultrasonography 
through a suprasternal window. Cardiac stroke volume 
was calculated by SV = CSA f v (t) dt, where SV is 
stroke volume, CSA is aortic cross-sectional area, v is 
velocity, and t is ejection time. Maternal cardiac output 
was then calculated by CO = SV (HR, where CO is 
cardiac output and HR is heart rate. Blood pressure 
was measured every 5 minutes with an Accutorr (Da- 
tascope, Paramus, N.J.) automated cuff on the arm con- 
tralateral to the phlebotomy site. Systemic vascular re- 
sistance was calculated as TPR = 80 (MAP)/CO, where 
TPR is total peripheral vascular resistance and MAP is 
mean arterial pressure. All UltraCOM measurements 
were performed by an experienced research nurse 
whose proficiency in this method had previously been 
validated by close correlation with invasively obtained 
cardiac outputs in both pregnant and nonpregnant pa- 
tients.'° 

The fetal umbilical artery flow velocity waveform was 
obtained with a Medasonics Vasculab D-10 continuous- 
wave Doppler with an insonating frequency of 4 MHz. 
During a period of fetal inactivity and apnea the um- 


bilical artery waveform was identified and printed. The 
maximum systolic and minimum diastolic flow velocities 
were measured by hand, the systolic/diastolic ratio was 
calculated. Two separate measurements over a mini- 
mum of five waveforms were averaged. Fetal heart rate 
(FHR) and uterine activity were continuously moni- 
tored with a third-generation Hewlett Packard elec- 
tronic fetal monitor (Hewlett Packard, Germany) with 
an external Doppler probe for FHR and a tocodyna- 
mometer strain gauge for uterine activity. 

Study protocol. The initial fingerstick for the screen- 
ing hematocrit and the subsequent phlebotomy for 
1 U of whole blood were carried out by a certified 
phlebotomist. Collection, identification, transport, pro- 
cessing, and storage of the autologous units from the 
pregnant study group and the homologous units of 
blood from the control group were carried out in strict 
compliance with American Association of Blood Banks 
guidelines. 

After the predonation history and informed consent 
were obtained, the subject was settled into semi-Fowler 
recumbent position. In pregnant subjects the external 
fetal monitors were applied, and the screening hemat- 
ocrit was spun. Blood pressure, cardiac output, and 
fetal Doppler measurements were concurrently ob- 
tained with the woman in the supine position. There- 
after, the subjects were asked to rise to the standing 
position, fetal monitors were adjusted, and the vital 
signs were allowed to equilibrate for 5 minutes, at which 
time hemodynamic measurements were repeated. The 
subject was then returned to a recumbent position, and 
phlebotomy for 450 ml of whole blood was carried out. 
After a 10-minute equilibration period measurements 
were repeated, the subject was gradually returned to 
the standing position, and a final set of hemodynamic 
parameters was obtained. 

Data analysis. The data were analyzed with a micro- 
computer statistical software package (StatView 512, 
Version 1.1, Abacus Concepts Inc., Brain Power, Cal- 
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Table II. Results of one way analysis of variance 


Dependent 
variables 


Mean arterial 8.43 
pressure 
Cardiac output 51.18 
Total peripheral 56.56 
resistance 
Heart rate 67.65 p< 0.01 
Stroke volume 5.11 p < 0.05 
Fetal umbilical — = 
systolic/ dia- 
stolic ratio 


p < 0.01 


p < 0.01 
p < 0.01 





NS, Not significant. 


abasas, Calif.) by means of a one- or two-tailed paired 
Student ¢ test for comparisons of hemodynamic vari- 
ables. The relative impact of position, pregnancy, and 
phlebotomy was analyzed by one-way factorial analysis 
of variance, with the hemodynamic parameters serving 
as the dependent variable and pregnancy, maternal po- 
sition, and blood loss as the independent variables. A 
value of p< 0.05 was chosen to represent statistical 
significance. '° 

Human subjects. The study had University of Wash- 
ington Institutional Review Board approval and was 
carried out in the Clinical Research Center of Univer- 
sity Hospital. Informed consent for the study protocol 
and a standard consent for blood donation were ob- 
tained, and all subjects were made aware that the blood 
would be subject to screening for hepatitis and human 
immunodeficiency virus. Pregnant study subjects were 
also made aware that their autologous blood would be 
transfused only if clinical indications warranted it and 
that the blood, if unused, would not be added to the 
homologous donor pool. The study subjects were not 
financially compensated. 


Results 


A summary of the hemodynamic data is shown in 
Table I. As expected from the physiologic changes 
known to occur during pregnancy, pregnant subjects 
had significantly higher cardiac outputs (p < 0.05) and 
heart rates (p < 0.05) than did nonpregnant controls. 
Similarly, peripheral vascular resistance was signifi- 
cantly lower in the pregnant state (p < 0.05). The lower 
mean arterial pressure known to be associated with 
pregnancy (p < 0.05) was, however, only seen during 
recumbency before phlebotomy. 

Orthostasis provoked significant changes in all ma- 
ternal hemodynamic parameters in both the study and 
control groups before and after blood loss. Mean ar- 
terial pressure, peripheral vascular resistance, and 
heart rate increased, whereas cardiac output and stroke 


F statistic F statistic F statistic Significance 
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Independent variables 


Phlebotomy 


23.74 p < 0.01 0.60 NS 
50.18 p < 0.01 1.40 NS 
57.84 p < 0.01 0.07 NS 
82.99 p < 0.01 2.47 NS 
115.96 p < 0.01 2.18 NS 

0.09 NS S: NS 


volume decreased (p < 0.01 for all parameters, one- 
tailed Student ¢ test). 

We analyzed the relative effects of pregnancy, or- 
thostasis, and blood loss on the hemodynamic param- 
eters we studied with one-way factorial analysis variance 
(Table II). When the effects of pregnancy (p < 0.01) 
and orthostatic stress (p < 0.01) were taken into ac- 
count, the impact of a 450 ml blood loss became neg- 
ligible (p > 0.05). 

In both the pregnant and control group, the effect 
of phlebotomy on the subjects’ responses to orthostatic 
stress was insignificant for cardiac output, peripheral 
vascular resistance, mean arterial pressure, and stroke 
volume (p > 0.05, paired Student two-tailed ¢ test). 
Only the heart rate response to orthostasis was signif- 
icantly different, in that a slightly more pronounced 
heart rate increase was observed after phlebotomy in 
both pregnant (+5.82 + 2.2 beats/min, p < 0.05) and 
control subjects (+ 14.2 + 6.3 beats/min, p < 0.01). In 
pregnant subjects, however, the magnitude of this 
change was significantly less pronounced than in con- 
trols (p < 0.05). 

Neither phlebotomy nor orthostasis had significant 
effects on the fetal umbilical systolic/diastolic ratio 
(p > 0.05, analysis of variance) (Table II). No abnormal 
FHR patterns or excessive uterine activity were ob- 
served. 

Two subjects (one pregnant and one control) had 
vasovagal episodes on arising after phlebotomy. Both 
events were self-limited and responded readily to ad- 
ditional recumbency. The FHR tracing remained nor- 
mal throughout the episode. 


Comment 


The physiologic impact of acute blood loss in the 
context of blood donation has not previously been re- 
ported for either pregnant or nonpregnant individuals. 
The present study demonstrates that measurement of 
blood pressure and heart rate are only crude tools in 
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the evaluation of physiologic changes that may be pres- 
ent during periods of hemodynamic stress. Although 
there were profound and significant differences be- 
tween pregnant and control groups in almost all he- 
modynamic parameters both in the supine and stand- 
ing positions before and after blood loss, the mean 
arterial pressure reflected these differences only during 
recumbency before phlebotomy. This points to the 
need for a more detailed characterization of the he- 
modynamic effects of blood donation in both pregnant 
and nonpregnant subjects. 

The noninvasive methods we used to study the donor 
circulation were first described by Huntsman et al.” 
and have been extensively compared with thermodi- 
lution-generated cardiac output measurements in both 
nonpregnant adults'® "° 
correlation between thermodilution and Doppler ul- 
trasonographic cardiac output determination in preg- 
nancy is tight (r = 0.91)." 

These noninvasive methods have previously been 


and pregnant women." The 


used to study the maternal hemodynamic effects of 
postural change in normal pregnancies.” In a study of 
15 nonpregnant reproductive aged women, 14 preg- 
nant women in the first trimester, and 16 pregnant 
women in the third trimester Easterling et al.® dem- 
onstrated a mean fall in cardiac output of 1.7 to 1.8 
L/min with change from the recumbent to the standing 
position. Systemic vascular resistance rose in each of 
the groups. The most marked rise was observed in the 
nonpregnant group, with the smallest rise occurring 
during the third trimester of pregnancy. 

The current study again demonstrates the increase 
in peripheral vascular resistance and the decline in car- 
diac output with orthostatic stress. The loss of 1 U of 
blood had no significant effect on the relative magni- 
tude of these orthostatic responses in either pregnant 
women or in control subjects. Except for a small in- 
crease in the heart rate response, there appears to be 
no significant hemodynamic (mean arterial pressure, 
total peripheral resistance or cardiac output) impact on 
the orthostatic responses to phlebotomy in either preg- 
nant or nonpregnant subjects. 

Although pregnant and nonpregnant individuals re- 
sponded similarly to both orthostatic stress and phle- 
botomy, some quantitative differences were observed. 
The increase in total peripheral vascular resistance in 
response to orthostatic stress both before and after 
phlebotomy was more pronounced in the control 
group. The same was true for the enhanced tachycardia 
seen in response to orthostatic stress after phlebotomy. 
These data and the absence of significant symptoms 
during and after blood donation in the pregnant study 
group support the notion that the maternal vasculature 
in healthy pregnancy, presumably because of its de- 
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creased reactivity to adrenergic stresses and volume 
loading, is relatively protected from hemodynamic 
changes, such as increases in vascular resistance, that 
are observed in nonpregnant individuals and that could 
conceivably pose a hazard to the developing fetus. 

We recognize that the umbilical systolic/ diastolic ra- 
tio, which was used to study the potential hemodynamic 
consequences or orthostasis and phlebotomy on the fe- 
tal circulation, permits only very limited conclusions 
about acute changes occurring in the fetal circulation 
as a result of maternal hemodynamic interventions. 
However, others have described measurable changes in 
the umbilical flow velocity waveform after maternal af- 
terload reduction from lumbar epidural analgesia,” 
and after maternal bed rest and medical therapy in 
hypertensive pregnancies.** ** We thus consider the ab- 
sence of any consistent increase in the umbilical artery 
systolic/ diastolic ratio in response to orthostasis or phle- 
botomy to be reassuring. It is further encouraging that 
continuous electronic fetal monitoring failed to show 
any abnormalities of the FHR tracing or increases in 
maternal uterine activity. 

We thus conclude that in uncomplicated pregnancies 
during the third trimester the quality of the maternal 
hemodynamic response to the loss of 1 U of blood is 
similar to the response of healthy nonpregnant women 
and that the magnitude of this hemodynamic response 
appears to be somewhat less pronounced than in non- 
pregnant individuals. Although we cannot suggest that 
pregnant women are the ideal blood donors, it appears 
that ordinary periods of orthostatic stress, to which all 
pregnant women are subjected, have significantly more 
hemodynamic consequences than does the loss of 1 U 
of blood. No adverse fetal consequences resulted from 
the maternal hemodynamic changes that were observed 
as a result of blood donation. Continuous electronic 
fetal monitoring may thus be unnecessary if autologous 
blood donation is planned in a healthy near-term preg- 
nancy. 
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First-trimester diagnosis of cystic hygroma—Course 


and outcome 


Rieteke M. van Zalen-Sprock, MD, John M.G. van Vugt, MD, PhD, and 


Herman P. van Geijn, MD, PhD 


Amsterdam, The Netherlands 


OBJECTIVE: We studied the outcomes of fetuses in whom cystic hygroma was diagnosed in the first 
trimester of pregnancy through the application of transvaginal ultrasonography. 

STUDY DESIGN: In the period 1990 to 1991 22 fetuses with cystic hygroma were found. All fetuses had 
karyotyping and a complete ultrasonographic search for associated anomalies. 

RESULTS: Aneuploidy was found in seven of 22 fetuses: four trisomy 21, two trisomy 18, and one 
translocation. Monosomy X was absent in this series. In 15 of 22 cases there was a normal karyotype. In 
10 of 15 euploid fetuses the small nonseptated hygroma resolved spontaneously. In four of 15 euploid 
fetuses other malformations were detected with ultrasonography (i.e., polycystic kidneys, coarctation of the 


aorta, bladder outlet obstruction, and fetal hydrops). 


CONCLUSION: Whenever a cystic hygroma is suspected in the antenatal period, even if of small size, a 
structured and detailed ultrasonographic examination and fetal karyotyping are recommended. (Am J 


OssTeT GYNECOL 1992;167:94-8.) 


Key words: Cystic hygroma, nuchal structures, transvaginal ultrasonography, first-trimester 


diagnosis, aneuploidy 


High-frequency ultrasonography, especially through 
transvaginal application, allows early detection of fetal 
anomalies. Diagnosis in the first trimester of pregnancy 
has been reported for several fetal defects (e.g., gas- 
troschisis, Omphalocele, spina bifida, and cystic hy- 


groma).'* Other anomalies such as omphalocele cannot 


always be definitely diagnosed in the first trimester of 


pregnancy. Protrusion of fetal intestines anterior to the 
abdominal wall may reflect normal physiologic 
herniation.’ 

Although cystic hygromas are commonly found in 
first trimester abortuses,’ the incidence at birth is rare 
(1/6000). The introduction of transvaginal ultraso- 
nography has dramatically increased the frequency of 
detection of first trimester cystic hygromas. Association 
of cystic hygromas with other structural defects and 
chromosomal abnormalities has been reported, al- 
though, on the other hand, regression of the hygroma 
has been observed with a good neonatal outcome.” ° 

This report describes the outcome of 22 fetuses with 
cysuc hygroma diagnosed in the first trimester of preg- 


nancy. 
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Fig. 1. Longitudinal view of small nonseptated hygroma 
(arrows) in fetus with normal karyotype. 


Subjects and methods 

Ultrasonographic scans were performed with a 5.0 
or 7.5 MHz transvaginal sector scanner (Acuson 128, 
Mountain View, Calif.). In each case ultrasonographic 
examination was done for obstetric reasons such as 
pregnancy dating or vaginal blood loss. Cystic hygro- 
mas, which originated in the soft tissue with an intact 
skull and spinal column, were identified as single or 
multiloculated, fluid-filled cavities in the lateral or pos- 
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Table I. Outcome of fetuses with cystic hygromas 








Gestational 


10 46,XY 

12 wk 2 days 46,XX 

12 wk 3 days 46,XY 

13 46,XY 

13 46,XY 

13 46,XX 

13 wk 3 days 46,XY 

13 wk 3 days 46,XY 

14 46,XX 

15 wk 2 days 46,XX 

12 wk 3 days 46,XX 

10 wk 1 day 46,XY 

13 wk 3 days 46,XY 

14 wk 3 days 46,XY 

15 wk 2 days 46,XX 

10 wk 5 days 47,XY,+21 
12 wk 5 days 47,XX, +21 
13 wk 5 days 47,XX, +21 
15 wk 5 days 47,XX, +21 
12 wk 5 days 47,XY,+18 
15 wk 5 days 47,XX,+ 18 
12 wk 6 days 45,X, — 15,+der(15)+t(Y;15) 


Karyotype Septation Associated anomalies 


b+ti ti ttt 
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Outcome 





= Normal 

= Normal 

~ Normal 

ša Normal 

= Normal 

- Normal 

= Normal 

= Normal 

= Normal 

-$ Normal 

et Noonan’s syndrome 

+f Termination of pregnancy 
a Termination of pregnancy 
Ft Termination of pregnancy 
+ § Termination of pregnancy 
a Termination of pregnancy 
ae Termination of pregnancy 
= Termination of pregnancy 
_ Termination of pregnancy 
+ || Termination of pregnancy 
+4 Termination of pregnancy 
= Termination of pregnancy 





*Cardiac anomaly. 
+Polycystic kidneys. 
Urethral stenosis with large bladder. 


§Hydrops. This patient had a previous child with a large cystic hygroma; an autosomal recessive type of cystic hygroma may 


be considered. 
| Omphalocele and clubbed feet. 
{Omphalocele. 


terior cervical region. They all measured >3 mm in 
diameter and were either septated or nonseptated.’ 
Whenever a cystic hygroma was suspected, a care- 
ful search for associated malformations was per- 
formed.*"" 

Karyotype analysis was available from all patients 
through either chorionic villus (four transcervical, 16 
transabdominal) or amniotic fluid (two) sampling. Au- 
topsy was performed in all cases of elective abortion. 
In cases of small nonseptated cystic hygromas with a 
normal karyotype the patients had regular weekly ul- 
trasonographic controls until the anatomic finding had 
resolved. An ultrasonographic examination was per- 
formed to detect or exclude additional (cardiac) anom- 
alies at 16 to 18, 22 to 24, and 31 to 32 weeks of preg- 
nancy. 


Results 


The malformations were detected in all 22 cases be- 
tween 10 and 16 weeks of gestation, as listed in Table 
I. The mean gestational age at detection was 13.1 weeks 
(SD + 1.6 weeks). Chromosome analysis was available 
from all 22 cases; seven fetuses (32%) had an abnormal 
and 15 fetuses (68%) a normal karyotype. In 10 of the 
euploid cases (67%) the posterior nonseptated hygro- 
mas could no longer be detected with ultrasonography 
after 16 weeks of gestation, and no signs of a distur- 


bance in lymphatic drainage or other nuchal malfor- 
mations such as webbed neck could be detected after 
birth (Fig. 1). Two of these fetuses had a single um- 
bilical artery. Both infants were born at term and did 
not show any morphologic abnormality. In four euploid 
fetuses associated malformations were detected. One 
fetus had a cardiac anomaly, consisting of a small atrial 
and ventricular septal defect and a coarctation of the 
aorta, detected in the third trimester of pregnancy and 
confirmed after delivery. In this case the hygroma was 
partially absorbed. The ultrasonographic appearance 
changed during pregnancy from a translucent struc- 
ture to a thick echogenic nuchal fold. The child was 
born with a webbed neck. Noonan’s syndrome was con- 
sidered, although the cardiac anomaly originally de- 
scribed with this single gene disorder consists of pul- 
monary stenosis. One pregnancy with a euploid fetus 
in which the hygroma had resolved showed later on 
severe oligohydramnios. At 22 weeks polycystic kidneys 
and absence of bladder filling were detected. The mal- 
formations in the third fetus consisted of bladder outlet 
obstruction and deformation of the legs. In the fourth 
case there was a serious progressive septated hygroma 
in the neck and axillary region in association with fetal 
hydrops. One pregnancy with a euploid fetus was ter- 
minated on the patient’s request. 

Septation of the hygroma was found in six of 22 
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Fig. 2. Large sonolucent hygroma (arrows) in fetus with trisomy 18. C, Caput. 





Fig. 3. Transverse scan through cervical spine ($), with lateral 


localized translucent cysts (arrows) in fetus with trisomy 21. 


fetuses, whereas 16 of 22 were nonseptated. Three fe- 
tuses with a septated hygroma had aneuploidy and two 
fetuses had a normal karyotype but demonstrated as- 
sociated anomalies. One fetus with a septated hygroma 
was euploid and had no associated malformations. Of 
the 16 cases with a nonseptated hygroma four were 
aneuploid (one with associated anomalies), two had as- 
sociated anomalies with a normal karyotype, and 10 
fetuses were euploid and showed no other malforma- 
tons. 


In 21 of the 22 cases the hygroma was located pos- 


terior in the neck area (Fig. 2). In one case the mal- 
formation was lateral in the cervical region. Trisomy 
21 was diagnosed (Fig. 3). All pregnancies with abnor- 
mal karyotypes (seven cases) were electively aborted as 
were four euploid pregnancies, three because of the 
associated anomalies and one because of serious mental 
instability in the mother. Autopsy results were available 
from all terminated pregnancies. The small nonsep- 
tated hygromas ultrasonographically detected in four 
of the seven aneuploid cases could not be identified by 
the pathologist at autopsy, probably due to lytic 
processes of the fetal material. The septated hy- 
gromas could all be identified by the pathologist at 
autopsy. 


Comment 

Fetal cystic hygromas are congenital malformations 
of the lymphatic system manifested as single or mul- 
tiloculated fluid-filled cavities in the neck region. The 
posterior or lateral position and cystic appearance are 
characteristic.'' Phe lymphatic vessels normally drain 
into two large sacs lateral to the jugular vein.’ In case 
of a defect in the formation of the lymphatic vessels, 
the jugular sacs enlarge and lymph accumulates in tis- 
sues. The hygroma may regress and resolve if collateral 
routes develop or the jugular veins connect. > Larger 
hygromas are often divided by a midline septum in the 
nuchal region. Extension to the fetal skull may be pres- 
ent. This feature has to be differentiated from other 
craniocervical masses such as encephalocele or men- 
ingomyelocele, teratoma, hemangiomas, and familial 
nuchal bleb.'*'” Furthermore, one should be aware of 
diagnostic errors, 1.€., a segment of the umbilical cord 
behind the neck, prominent fetal hair (later in preg- 
nancy), an adjacent subchorionic cyst, or a part of the 
amnion not yet merged with the chorion in the first 
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trimester. Cystic structures in the neck region have been 
described in various sizes. Cullen et al.’ refer to nuchal 
blebs if the size is <3 mm. In that case the cystic struc- 
ture is always nonseptated and disappears before the 
eleventh week. 

If a small cystic hygroma in the nuchal region has 
been detected there is also the possibility of a pseu- 
domembrane,” especially when the suspected structure 
is not found in follow-up sonograms. Either the small 
cystic hygroma has absorbed or a dorsal specular re- 
flection originating from the surface of the skin had 
been identified during the first examinaticn. 

Larger hygromas have often been described as 
caused by Turner’s syndrome.” Besides monosomy X, 
which is often associated with generalized edema and 
coarctation of the aorta, several other chromosomal 
disorders have been reported, such as trisomy 21, 18, 
and 13.7?! All these syndromes have a lov recurrence 
risk. Other syndromes with a normal karyotype such 
as familial pterygium colli, Robert’s syndrome, and 
Noonan’s syndrome have been described with cystic 
hygroma.'" "> "The main features of Ndonan’s syn- 
drome are very similar to monosomy X tut are easily 
distinguished after birth facially, cytogeretically, and 
gonadally. Noonan’s syndrome is often associated with 
hypertelorism, ptosis, dental malocclusion, lowset ears, 
broad nasal base, webbed neck, and low posterior hair- 
line, and the affected children have normal ovaries 
46,XX, or testis 46,XY. The associated corgenital heart 
disease in Noonan’s syndrome usually consists of pul- 
monary stenosis. This syndrome is caused by a single 
gene disorder and has a recurrence risk that may be 
much higher than in Turner's syndrome; it has a fa- 
milial predilection and is probably transmitted in an 
autosomal dominant manner with incomplete pene- 
trance. An extensive ultrasonographic examination is 
still the diagnostic choice in future pregrancies.™ 

In the current series monosomy X was rot diagnosed. 
Several authors describe 50% association of Turner’s 
syndrome with cystic hygroma. It always concerned 
large septated cystic hygromas, often ir combination 
with fetal hydrops. Transvaginal application and mod- 
ern high-resolution equipment makes it possible to vi- 
sualize smaller cystic hygromas early in pregnancy, 
structures often not detectable with abcominal ultra- 
sonography. More embyros and fetuses will be identi- 
fied with a cystic hygroma in the first trimester of preg- 
nancy than before. Early detection enlarges the group 
with these findings drastically. Cytogenetic analysis on 
villus material obtained from retained abortions in the 
first trimester revealed an abnormal chromosome con- 
stitution in 77%.” The relative propo-tion of chro- 
mosome abnormalities in retained abor-ions is higher 
for trisomies (61%) than for 45,XO (7.5%). This eight- 
times-higher proportion may explain the absence of a 
monosomy X in our series. 
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Not all pregnant women have an ultrasonographic 
examination in the first or early second trimester of 
pregnancy. A cystic hygroma may have resolved if the 
sonogram is made in the second or third trimester. It 
is possible that some cases of Down syndrome obvious 
at birth could have been diagnosed early in pregnancy 
if the nuchal region had been inspected ultrasono- 
graphically in the first trimester. Hygromas can also be 
associated with trisomy 18 or 13, but the majority of 
these cases will be detected by ultrasonography either 
in the first trimester or later in pregnancy because of 
associated anomalies. In most of these cases the diag- 
nosis can be suspected prenatally and confirmed by 
chromosome analysis. 

In conclusion, the following recommendations can 
be made. A close look at the nuchal region should be 
part of every thorough investigation for congenital 
anomalies, especially in the first trimester. The find- 
ing—even if of limited size—has to be followed by a 
detailed ultrasonographic examination, and fetal 
karyotyping should be offered.’ In case of euploidy and 
a resolving cystic hygroma, or if the aspect of the hy- 
groma changes during pregnancy, a close look for car- 
diac anomalies is advisable. 


We thank Nico Leschot, MD, PhD, Institute of An- 
thropogenetics, University of Amsterdam, for the chro- 
mosome analysis done at his institute; Hans van der 
Harten, MD, PhD, Department of Pathology, Free Uni- 
versity Amsterdam, for the autopsy results; and Ver- 
onique Karsdorp, MD, Marianne Cortenraad, MD, 
Sacha Amitai, and Joke van der Ouderaa for their con- 
tributions in the ultrasonographic examinations. 
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Baking powder pica mimicking preeclampsia 


John R. Barton, MD,* Caroline A. Riely, MD, and Baha M. Sibai, MD* 


Memphis, Tennessee 


We report a case of baking powder pica during pregnancy that was associated with maternal hypertension, 
hypokalemia, and elevated liver function tests. After discontinuation of baking powder ingestion and 
correction of electrolyte abnormalities, the blood pressure and the liver function tests normalized. (Am J 


OBsTET GYNECOL 1992;167:98-9.) 


Key words: Pica, preeclampsia, pregnancy 


Pica is an eating disorder manifested by the abnormal 
desire to ingest substances not generally considered for 
normal consumption. Previous investigations of the as- 
sociation of pica and toxemia of pregnancy noted a 
significant correlation with geophagia but not amylo- 
phagia.' Presented is a report of a woman who, while 
consuming large quantities of baking powder during 
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her pregnancy, developed hypertension, hypokalemia, 
and elevated liver function tests. 


Case report 


A 23-year-old black woman, gravida 3, para 2, was 
seen at 19.5 weeks’ gestation with a 3-day history of 
headaches, dizziness, nausea, and vomiting. Blood 
pressure was 144/90 mm Hg with a first-trimester 
blood pressure of 110/50 mm Hg. Laboratory data 
included serum aspartate aminotransferase 144 U/L, 
lactic dehydrogenase 359 U/L. platelet count 
226,000/mm5, hematocrit 21.8%, and serum potassium 
3.1 mEq/L. A urine drug screen was negative. During 
hospitalization, after transfusion of packed red blood 
cells for anemia and correction of hypokalemia, the 
blood pressure and liver function tests normalized. The 
patient was discharged home, but on a return clinic 
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visit at 33 weeks’ gestation the blood pressure was 
170/86 mm Hg and proteinuria (2+) was revealed. 
The patient was hospitalized and placed on a regimen 
of magnesium sulfate for seizure prophylaxis. Labo- 
ratory data included serum aspartate aminotransferase 
308 U/L, lactic dehydrogenase 962 U/L with an in- 
creased LD, and LD, fraction, total bilirubin 1.7 
mg/dl, serum potassium 1.4 mEq/L, platelet count 
214,000/mm’, and hematocrit 27.5%. Blood gas studies 
noted a pH of 7.49. A 24-hour urine collection noted 
a creatinine clearance of 177 mg/min with 991 mg pro- 
tein. A human immunodeficiency virus antibody screen 
was negative. 

A computed tomographic scan of the liver was per- 
formed, which showed a normal liver size and no focal 
hypodensities within the liver. Hounsfield unit mea- 
surements noted the same density as the spleen. A liver 
biopsy was performed, which demonstrates diffuse he- 
patocellular swelling accompanied by portal venous di- 
latation and low-grade acute and chronic nonspecific 
portal triaditis. There was no necrosis, cholestasis, or 
hemorrhage. This was not consistent with the patho- 
logic findings of preeclampsia, acute fatty liver of preg- 
nancy, or viral hepatitis. 

Although previously denying pica, on further ques- 
tioning the patient admitted to a 1% year history of 
ingesting Calumet (General Foods, White Plains, N.Y.) 
baking powder in quantities up to one can (7 ounces) 
per day. The patient related that this was a family rem- 
edy for the relief of gas discomfort. Again during hos- 
pitalization, after correction of hypokalemia and dis- 
continuation of baking powder ingestion, the blood 
pressure and liver function tests normalized. 

The patient returned in active labor at 40 weeks’ 
gestation, at which time she admitted to continued bak- 
ing powder pica. Admission blood pressure was 
138/102 mm Hg with a serum potassium level of 2.4 
mEq/L and hematocrit of 23.3%. A primary cesarean 
section was performed for secondary arrest of dilata- 
tion with delivery of a 4235 gm male infant with 
Apgar scores of 8 and 9 at 1 and 5 minutes, respectively. 
The umbilical cord blood gas noted a pH of 7.63, Pcos 
19 mm Hg, and Po, 27 mm Hg with a base excess of 
1.7 mEq/L. 
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Comment 


Pica is a persistent compulsive ingestion of substances 
not generally considered for normal consumption. Pica 
is more common in black women and those women with 
a positive childhood and family history of pica. The 
most common forms of pica include consumption of 
clay (geophagia) or starch (amylophagia) but may in- 
chide ice, coal, or soap. Although the prevalence of 
pica among pregnant women in high-risk groups de- 
clined between the 1950s and the 1970s, Horner et al.” 
reported that pica now affects about one fifth of high- 
risk women. Nutritional assessment and counseling are 
indicated in those patients with pica. 

Baking powder is composed of 30% sodium bicar- 
bonate with cornstarch, sodium aluminum sulfate, cal- 
cium acid phosphate, and calcium sulfate. The main 
effect of ingestion and chronic abuse is a hypokalemic- 
hypochloremic metabolic alkalosis. Other metabolic 
abnormalities, including hypernatremia and hypo- 
calcemia, are possible. Transient albuminuria, neuro- 
muscular irritability including hyperreflexia, and ele- 
vations in blood urea nitrogen may occur with meta- 
bolic alkalosis. Ingestion of baking powder has been 
described to cause an increase in blood pressure, but 
liver dysfunction seems to be an unusual finding. 
Acute withdrawal from baking powder may cause a 
hypoaldosterone-like state. 

Treatment cf electrolyte abnormalities associated 
with baking powder pica should begin with the diag- 
nosis. Correction of chloride and potassium deficit may 
allow for renal excretion of bicarbonate. If severe al- 
kalemia persists, intravenous ammonium chloride in 
normal saline solution may be used. 
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Presacral neurectomy for the treatment of pelvic pain 
associated with endometriosis: A controlled study 


Giovanni Battista Candiani, MD, Luigi Fedele, MD, Paolo Vercellini, MD, 


Stefano Bianchi, MD, and Giuliana Di Nola, MD 
Milan, Italy 


OBJECTIVE: Our objective was to evaluate the efficacy of p-esacral neurectomy combined with 
conservative surgery for the treatment of pelvic pain associated with endometriosis. 

STUDY DESIGN: In a randomized, controlled study performed in a tertiary institution 71 patients with 
moderate or severe endometriosis and midline dysmenorrhea were randomly assigned to conservative 
surgery alone (n = 36) or conservative surgery and presacral neurectomy (n = 35). Main outcome 
measures were relief of dysmenorrhea, pelvic pain, and deer dyspareunia after surgery according to a 


multidimensional and an analog pain scale. 


RESULTS: Presacral neurectomy markedly reduced the midl ne component of menstrual pain, but no 
statistically significant differences were observed between the two groups in the frequency and severity of 
dysmenorrhea, pelvic pain, and dyspareunia in the long-term fcllow-up. After presacral neurectomy, 
constipation developed or worsened in 13 patients and urinary urgency occurred in three and a painless 


first stage of Jabor in two. 


CONCLUSION: Presacral neurectomy should be combined with conservative surgery for endometriosis 


_only in selected cases. (Am J OssTeT GynecoL 1992;167:100-3.) 


Key words: Endometriosis, presacral neurectomy, pelvic pain 


Presacral neurectomy first described by Jaboulay’ 
and Ruggi in 1899, is widely used, in addition to re- 
moval of adhesions and ovarian ar.d peritoneal endo- 
metriotic implants, in the treatment of pelvic pain as- 
sociated with endometriosis. This surgical procedure is 
considered useful by many authors,** although it is not 
without intraoperative risks and side effects. Moreover, 
almost all studies completed so far have been retro- 
spective and have evaluated pain without an adequate 
investigation of the symptom itself or without the use 
of a pain scale.’ In a recent prospective study Tjaden 
et al. observed that midline dysmenorrhea was abol- 
ished in 100% of patients undergoing presacral neu- 
rectomy in addition to conservative surgery for endo- 
metriosis. However, their series was small, and the re- 
ported benefit exclusively concerned the midline 
component of dysmenorrhea, whereas no favorable ef- 
fect was seen in the other components. 

We performed a prospective study of a larger series 
to evaluate the efficacy of presacral neurectomy in ad- 
dition to conservative surgery in the relief of pelvic 
pain associated with moderate and severe endome- 
triosis. 
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Material and methods 


We recruited 78 consecutive patients with laparo- 
tomic or laparoscopic diagnosis of endometriosis stage 
IHI or IV of the revised American Fertility Society 
classification? undergoing conservative surgery at the 
First Department of Obstetrics and Gynecology, Uni- 
versity of Milan, from June 1986 to January 1990. All 
the women reported moderate or severe midline or 
midline plus lateral menstrual pelvic pain, associated 
in some with intermenstrual pain or deep dyspareunia. 
Thirty-four were infertile. None had previously un- 
dergone surgery for gynecologic disease or received 
medical treatment in the 6 months before the opera- 
tion. We obtained informed consent from each patient 
and approval from the institution. 

The women were assigned to conservative surgery 
alone (n = 40) or to conservative surgery and presacral 
neurectomy (n = 38) according to a randomization list. 
Clinical and demographic data of the patients are 
shown in Table I. The sample size was based on the 
assumption that dysmenorrhea would resolve in 50% 
of the women who did not undergo presacral neurec- 
tomy and in 80% to 90% of those who did. The number 
of patients included gave the study a power of 80% for 
a difference of 30% and a power of 90% for a differ- 
ence of 40% at a level of statistical significance of 
0.05. 

Before surgery all patients underwent gastroenter- 
ologic, urologic, and orthopedic evaluation to exclude 
other causes of pelvic pain. In addition, they all com- 
pleted a questionnaire that requested information on 
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Fig. 1. Probability of recurrence of moderate or severe dysmenorrhea, according to linear pain scale, 
after presacral neurectomy in association with conservative surgery (continuous line) and after con- 


servative surgery alone (dotted line). 


the presence, severity, and site of menstrual and pelvic 
pain and the presence and severity of deep dyspareu- 
nia. The severity of dysmenorrhea and pelvic pain was 
evaluated by means of a multidimensional scoring sys- 
tem, which is a modification of that proposed by An- 
dersch and Milsom.” This system defines pain accord- 
ing to limitation of working ability (unaffected = 0, 
rarely affected = 1, moderately affected = 2, clearly 
inhibited = 3), coexistence of systemic symptoms (ab- 
sent = 0, present = 1), and need for analgesics 
(no = 0, rarely = 1, regularly = 2, inefficacious = 3) 
and ranks their simple sum in three groups (0 to 
3 = mild, 4 to 5 = moderate, 6 to 7 = severe). The 
women were also asked to specify the severity of dys- 
menorrhea and pelvic pain according to a 10-point lin- 
ear pain scale in which 0 indicated the absence of pain, 
l to 5 mild pain, 6 to 7 moderate pain and 8 to 10 
severe pain. The severity of deep dyspareunia was eval- 
uated as described by Biberoglu and Behrman.” The 
women were asked to record monthly any pain symp- 
toms after surgery. Every 6 months they underwent a 
clinical examination and the pain diary was checked. 
The follow-up was carried out in all patients for at least 
] year. 

Conservative surgery was performed with the tech- 
niques described by Buttram and Reiter’ and presacral 
neurectomy in accordance with Malinak’s suggestions." 
All adhesions and ovarian and peritoneal endometriotic 
implants were removed during surgery. 

The pattern of dysmenorrhea in the postoperative 
follow-up was analyzed with the life-table method." 
The patients with persistent or renewed, moderate, or 
severe pain were considered as treatment failures; 
the curve represents the cumulative probability 
rate of recurrence of moderate or severe dys- 
menorrhea. 

We used the ¢ test for unpaired data to compare the 
means and the x? test to analyze the frequencies. 


Table I. Characteristics of patients 






Conservative 
surgery’ 
{n = 36) 







Conservative surgery 
plus presacral 
neurectomy {n = 335) 


Age (yr, mean + SD) Slt 23.6 32.5 + 4.2 
No. of parous women 5 6 
No. of infertile women 19 15 
Endometriosis stage 
III 26 23 
IV 10 12 
Results 


Seven patients did not accept randomization, leaving 
36 in the group for conservative surgery (group A) and 
35 in that for conservative surgery plus presacral neu- 
rectomy (group B). According to the multidimensional 
and analog scales, dysmenorrhea before operation was 
moderate in 13 (36.2%) and eight (23%) of group A 
and in 10 (28.6%) and six (17.2%) of group B and 
severe in 23 (63.8%) and 28 (77%) of group A and in 
25 (71.4%) and 29 (82.8%) of group B, respectively. In 
addition to midline dysmenorrhea, lateral menstrual 
pain was reported by 27 (75%) patients in group A and 
24 (68.6%) in group B. 

The mean time (+SD) taken to perform presacral 
neurectomy was 23 + 8 minutes. No complications oc- 
curred during the operation, and no significant differ- 
ences in postoperative morbidity (fever, days in F ospital 
after surgery) were observed between the two groups. 
One patient underwent a second laparotomy 2 days 
after presacral neurectomy for a retroperitoneal pre- 
sacral hematoma. Eleven subserous myomas (mean di- 
ameter 1.6 cm, range 0.6 to 3.5 cm) were enucleated 
or cauterized in eight patients of group A and 14 (mean 
diameter 1.7 cm, range 0.5 to 4 cm) in 10 patients of 
group B. 

Figs. 1 and 2 show the pattern of dysmenorrhea dur- 
ing follow-up in the two groups, according to the two 
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Fig. 2. Probability of recurrence of moderate or severe dysmenorrhea, according to multidimensional 
pain scale, after presacral neurectomy in asscciation with conservative surgery (continuous line) and 


after conservative surgery alone (dotted line). 


Table II. Frequency and severity of 
dysmenorrhea according to analog and 
multidimensional pain scale before and 12 
months after surgery 






Conservative surgery 
plus presacral 










Conservative 








SUTZETY neurectomy 
{n = 36) (n = 35) 
Absent 0 21 (58%) 0 23 (66%) 
Mild 
Analog 0 6 (17%) 0 5 (14%) 
Multidimensional 0 8 (22%) 0 -7 (20%) 
Moderate 
Analog 8 (23%) 4 (11%) 6(17%) 4 (11%) 


Multidimensional 13 (36%) 4(11%) 10 (29%) 3 (9%) 
Severe 

Analog 28 (77%) 5 (14%) 29 (83%) 2 (6%) 

Multidimensional 23 (64%) 3 (8%) 25 (71%) 2 (6%) 


pain scales. Table II shows the frequency and severity 
of dysmenorrhea 12 months after surgery. In this pe- 
riod dysmenorrhea recurred in 15 patients in group A 
and in 12 in group B. Recurrent menstrual pain had 
a midline component in 15 (100%) group A women 
and in eight (66.7%) group B subjects (me- 
dian = 3.525, p = 0.06) and a lateral one in nine (60%) 
and 10 (83%) (p = not significant), respectively. The 
frequency and severity of intermens-rual pain and deep 
dyspareunia in the two groups before and 12 months 
after surgery are reported in Table III. Presacral neu- 
rectomy was associated with different side effects in the 
follow-up. Moderate or severe constipation developed 
or worsened in 13 patients. One had recurrent suboc- 
clusive crises due to the formation of fecal masses in 
the rectal ampulla. Three patients reported the ap- 

pearance of urinary urgency. Two women who deliv- 


Table III. Frequency and severity of pelvic 
pain and deep dyspareunia before and 12 
months after surgery 






Conservative surgery 
plus presacral 


2 neurectomy 
a (n = 35) 


Before | After 


21 (58%) 31 (86%) 18 (51%) 32 (91%) 





Conservative 
surgery 










Pelvic pain 
Absent 


Mild 
Analog 4 (11%) 2(6%) 3(9%) 0 
Multidimensional 6 (17%) 3 (8%) 6(17%) 1 (3%) 
Moderate 
Analog 6 (17%) 2(6%) 8 (23%) 1 (3%) 
Multidimensional 7 (19%) 1 (3%) 7 (20%) 1 (3%) 
Severe 
Analog 5 (14%) 1 (3%) 6 (17%) 2 (6%) 


Multidimensional 2 (6%) 4 (11%) 1 (3%) 
Deep dyspareunia 
Absent 18 (50%) 29 (81%) 16 (46%) 31 (89%) 
Mild 5 (14%) 3 (8%) 4(11%) 0 


1 (3%) 


Moderate 7 (19%) 1(3%) 6(17%) 2 (6%) 
Severe’ 6 (17%) 3(8%) 9 (26%) 2 (6%) 


ered after presacral neurectomy had a painless first 
stage of labor. One of them arrived at the hospital at 
36 weeks of gestation, already in the second stage, with 
a breech presentation, and vaginal delivery was 
achieved without complications. 


Comment 


In our study the addition of presacral neurectomy 
to conservative surgery for moderate or severe endo- 
metriosis did not result in a greater reduction of pelvic 
pain than did conservative surgery alone. In fact, 1 year 
after the operation 80% of the patients who underwent 
presacral neurectomy did not have moderate or severe 
dysmenorrhea, compared with 75%. of the controls. Af- 
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ter conservative surgery plus presacral neurectomy 
deep dyspareunia resolved or improved in 84% of pa- 
tients and intermenstrual pain in 82%, compared with 
67% and 80% of women who underwent conservative 
surgery alone. 

Because of the relatively small size of our series, we 
cannot exclude the possibility that a small beneficial 
effect of presacral neurectomy on pain went unrec- 
ognized. However, our study had the power to dem- 
onstrate differences of =40%. Because presacral neu- 
rectomy may have important complications and side 
effects are frequent, an advantage of <40% should not, 
in Our Opinion, justify its routine performance. 

After surgery the patients were informed whether 
they had undergone presacral neurectomy. It was not 
possible to make our study a blind one for organiza- 
tional and medicolegal reasons. Knowledge of the sur- 
gical procedure performed could have influenced the 
patients’ perception of pelvic pain. However, it has been 
demonstrated that in dysmenorrhea the placebo effect 
disappears within 3 months.” 

In our analysis of the pattern of dysmenorrhea we 
used the life-table method to correct for variations in 
follow-up and the occurrence of pregnancy. The pat- 
tern of recurrence of dysmenorrhea was very similar 
in the two treatment groups. 

Midline recurrent menstrual pain was reported by 
eight women (23%) who underwent presacral neurec- 
tomy and 15 (42%) who did not. Although the differ- 
ence reaches the limit of statistical significance 
(p = 0.06), these data indicate that after presacral neu- 
rectomy recurrent dysmenorrhea could also have a 
midline component. 

To date few clinical studies have evaluated the effi- 
cacy of conservative laparotomic surgery for endome- 
triosis specifically in terms of pain relief.’ Some retro- 
spective nonrandomized studies have demonstrated 
that combining presacral neurectomy with conservative 
surgery offers a better resolution of dysmenorrhea and 
pelvic pain than simple excision of the endometriotic 
lesions.*° However, in most reports the sample size was 
limited and the extent of endometriosis poorly defined, 
other pelvic diseases were often included, the length of 
follow-up was variable, and a pain scale was almost 
never used prospectively. 

Recently Tjaden et al. performed a randomized 
study to evaluate the efficacy of conservative surgery 
with and without presacral neurectomy in patients with 
moderate or severe endometriosis and chronic pelvic 
pain. They found that midline menstrual pain was com- 
pletely abolished in 100% of the four patients who un- 
derwent presacral neurectomy with respect to the 0% 
of the four who did not. Similar findings were also 
observed in the 18 patients who refused randomization. 
However, the resolution of deep dyspareunia and 
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acyclic pain was not greater in the cases versus the con- 
trols. 

We conclude that there is still insufficient evidence 
showing that presacral neurectomy is indicated in the 
treatment of pelvic pain in all women undergoing con- 
servative surgery for endometriosis. Endometriosis 
rarely provokes exclusively midline pain. Consequently, 


because presacral neurectomy markedly reduces only 


the midline component of dysmenorrhea, overall it can- 
not modify the subjective and social impact of the symp- 
tom. Thus presacral neurectomy for endometriosis 
should be perfermed only by skillful surgeons after a 
careful selection of the patients with mainly midline 
pain. Another probably useful criterion to determine 
the expectation of pain relief could be selective hypo- 
gastric nerve block performed before the operation.'® 
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Self-administered home cervicovaginal lavage: A novel tool 


for the clinical-epidemiologic investigation of genital human 


papillomavirus infections 


Ellen A.B. Morrison, MD; Gary L. Goldberg, MD,” Robert J. Hagan, MS, 


Anna 8. Kadish, MD, and Robert D. Burk, MD>*° 
Bronx, New York 


OBJECTIVE: Our objective was to evaluate a self-administered cervicovaginal irrigation apparatus 
(MY-PAP, Medtech, Bohemia, N.Y.) for the detection of cervicovaginal human papillomavirus infection. 
STUDY DESIGN: Twenty-five women referred to a colposcopy clinic because of a recent abnormal 
Papanicolaou smear were studied. Human papillomavirus infection test results detected by Southern blot 
hybridization and polymerase chain reaction from physician-administered and MY-PAP self-administered 


cervicovaginal lavage were paired for comparison. 


RESULTS: Seventeen (68%) patients returned home samples by mail a mean of 13 days after the clinic 
visit. All clinic samples and 16 of 17 (94%) home samples yielded adequate deoxyribonucleic acid for 
human papillomavirus infection analyses. Human papillomavirus infection was detected by polymerase 
chain reaction in 14 of 16 (88%) samples with complete concordance of viral detection in paired samples 
from the clinic and home. Southern blot detected human papil omavirus infection in 13 of 25 clinic samples 
(52%) and 7 of 16 home samples (44%), with concordance in 12 of 16 paired samples (75%). Specific 
viral type was the same in all positive paired samples (6/6). Concordance was high when the initial 
sample had a strong (2+ to 4+) human papillomavirus infection signal (5/6, 83%) or a negative result 
(5/6) or when a dysplastic (cervical intraepithelial neoplasia grade 1 to 3) lesion (9/11, 82%} was seen on 


cervical biopsy. 


CONCLUSION: Self-administered lavage represents an extremely promising technique for obtaining 
cervicovaginal lavage samples for human papillomavirus infection analyses. (AM J OBSTET GYNECOL 


1992;167:104-7.) 


Key words: Cervicovaginal lavage, human papillomavirus infection, polymerase chain 


reaction, Southern blot 


Human papillomavirus (HPV) infection has been im- 
plicated as an etiologic agent in the development of 
cervical neoplasia and cancer.’ However, diagnosis of 
HPV infection has been hampered by the inability to 
culture the virus and the lack of reliable serologic tests. 
Diagnosis has required the use of molecular biologic 
techniques that identify the viral genome in cellular 
material from the lower genital tract. 

Collection of samples for HPV analysis has been ac- 
complished by cervical biopsy, scrape, swab, brush, or 
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cervicovaginal lavage. Of the noninvasive methods, cer- 
vicovaginal lavage has proved superior in obtaining ad- 
equate samples for Southern blot analysis.” * However, 
significant limitations continue to impair the screening 
of large populations, including the availability of 
trained medical personnel, time requirements, patient 
inconvenience, or noncompliance, expense, and in- 
ability to reach medically underserved populations. 

The recent development of MY-PAP (Medtech, Bo- 
hemia, N.Y.), a self-administered cervicovaginal irri- 
gation device designed to obtain cellular material for 
cervical cytologic studies, offers promise for studies of 
genital HPV infection and cervical cancer screening. 
This study was undertaken to compare the results of 
HPV detection in cervicovaginal lavage samples col- 
lected in the clinic with those obtained at home by the 
patient using MY-PAP. Results of paired clinic and 
home samples were compared, thereby allowing each 
patient to serve as her own control. 


Material and methods 


: Patient protocol. Twenty-five new patients from the 
colposcopy clinic of Bronx Municipal Hospital gave in- 
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formed consent and were enrolled in this Institutional 
Review Board~approved study. All subjects had 
recent abnormal Papanicolaou smears. Gynecologic 
examination included Papanicolaou smear, cervico- 
vaginal lavage, colposcopy, and directed cervical 
biopsy. 

Patients were requested to obtain a self-administered 
cervicovaginal lavage sample with the MY-PAP kit ap- 
proximately 10 days after the colposcopic examination. 
MY-PAP is designed and used like a douche. The device 
contains 21 ml of a physiologic saline solution in a small 
plastic bellows attached to a collection cup and a 
douchelike polypropylene tip with multiple openings 
designed to spray the irrigation solution outward in an 
omnidirectional pattern. After irrigation, release of the 
bellows apparatus causes the saline solution to be reas- 
pirated through the tip, into the collection cup and 
bellows. Patients were provided with an ethanol-car- 
bowax preservative and a preaddressed, postage-paid 
mail container to return the sample. No attempts were 
made to contact participants who failed to return the 
sample. 

Cytology and histopathology. Cytologic slides were 
stained with the Papanicolaou stain, examined by a cy- 
totechnologist, and reviewed by an experienced pa- 
thologist. Cervical cytologic results were reported with 
the Bethesda classification.* Biopsy specimens were for- 
malin fixed, paraffin embedded, and stained with he- 
matoxylin and eosin. Results were classified with the 
World Health Organization criteria for mild dysplasia 
(koilocytotic atypia, grade 1 cervical intraepithelial neo- 
plasia), moderate dysplasia (grade 2 cervical intraepi- 
thelial neoplasia), or severe dysplasia (grade 3 cervical 
intraepithelial neoplasia—carcinoma in situ).° 

Detection of HPV deoxyribonucleic acid (DNA). 
DNA was isolated from cellular material by proteinase 
K~sodium dodecyl sulfate digestion, followed by phe- 
nol-chloroform extraction and ethanol precipitation. 
Polymerase chain reaction was performed with the 
Manos Ll consensus primers.® Simultaneous amplifi- 
cation of HPV and a 110 bp cellular B-globin DNA 
fragment,’ which served as an internal control of am- 
plification efficacy, were performed as described by 
Bauer et al.® Polymerase chain reaction products were 
separated by electrophoresis in 3% NuSieve and 0.5% 
SeaKem agarose (FMC, Rockland, Me.) and trans- 
ferred to nylon filters. A digoxigenin-labeled generic 
HPV probe was generated by the amplification of HPV 
11, 16, and 18 with internal nested primers’ in reactions 
that contained 200 pmol/L deoxyadenosine triphos- 
phate, 200 pmol/L deoxyguanosine triphosphate, 200 
pmol/L deoxycytidine triphosphate, 130 pmol/L deox- 
ythymidine triphosphate, and 70 pmol/L digoxigenin- 
1i-deoxyuridine triphosphate.’ The probes were gel 


purified, denatured, and, together with a digoxigenin- . 


1 1-deoxyuridine triphosphate end-labeled B-globin oli- 
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gonucleotide probe, added directly to filters that had 
been prehybridized in 5 X saline sodium citrate, 0.02% 
sodium dodecyl sulfate, 0.5% blocking reagent (Boeh- 
ringer Mannheim, Germany), and 0.1% N-lauryolsar- 
cosine sodium salt. After overnight hybridization the 
filters were washed in 2x saline sodium citrate and 
0.1% sodium dodecyl sulfate at 55° C, and the probe 
was detected by chemiluminescence with the Genius 
(Boehringer Mannheim) protocol. 

Polymerase chain reaction products that were posi- 
tive with the HPV generic probe were hybridized with 
type-specific oligonucleotide probes’ for HPV 6/11, 16, 
18, 31, 33, 35, 39, 45, 51, and 52. Aliquots of 3 ul of 
the initial polymerase chain reaction were denatured 
in 0.4 mol/L sodium hydroxide, and 25 mmol/L eth- 
ylenediaminetetraacetic acid, and applied to replicate 
filters with a 96-well dot blot apparatus. Filters were 
individually hybridized with the digoxigenin-11-deox- 
yuridine triphosphate end-labeled type-specific probes, 
and the blots were read blinded to other data. Samples 
that were positive by the generic probe mix but negative 
by all type-specific probes were considered to represent 
uncharacterized HPV types. 

For Southern blot analyses approximately 5 to 10 pg 
DNA was digested by Pst 1, separated by electrophoresis 
in an agarose gel, and transferred to a nylon filter. Low- 
stringency hybridization was performed with a mixed 
probe of phosphorus 32—labeled HPV 11, 16, and 18 
DNA. Filters were washed under conditions of low 
stringency (TM — 40° C, 40° C below the DNA duplex 
melting temperature) and exposed to radiographic film 
at —70° C for 36 hours, followed by high-stringency 
(TM -10° C) washing and autoradiography for 10 
days. 

Southern blots were interpreted in a blinded manner. 
HPV typing was determined by the Psi I restriction 
enzyme pattern and the hybridization specificity. ® " 
When distinct hybridization bands were present but the 
HPV type could not be determined, the virus was clas- 
sified as “uncharacterized,”’? and the approximate mo- 
lecular weights of the DNA fragments were noted to 
allow later comparison of results from the clinic and 
home HPV samples. HPV hybridization signal strength 
was graded from weak to 4+ for each positive sample.” 


Results 


Seventeen (68%) patients returned samples they had 
obtained at home a mean of 13 (range 10 to 36) days 
after the clinic visit. There were no significant differ- 
ences between the patients who returned the samples 
and those who did not with regard to age, initial HPV 
positivity, or cervical histopathologic findings (data not 
shown). 

Cellular pellets from the home samples were some- 


_ what bulkier and required longer digestion with pro- 


teinase K~sodium dodecyl sulfate than did samples ob- 
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Table I. Comparison of HPV test results on paired clinic and home cervicovaginal lavage samples 


Clinic HPV testing 





Home HPV testing 












Southern Polymerase Southern Polymerase 
Subject chain reaction chain reaction 
No. Cytalogy* Biopsy types types 






KN = 


Negative 
High-grade lesion 


Atypical 


Atypical 
Low-grade lesion, 
koilocytotic atypia 


Not performed 

Grade 1 cervical in- 
traepithelial neo- 
plasia, koilocytotic 
atypia 

Grace | cervical in- 
traepithelial neo- 
plasia, koilocytotic 
atypia 

Negative 

Grades | to 2 cervi- 
cal intraepithelial 


16 


56 


18 


0 


4+ 


I+ 


1+ 
4+ 








| 16 
6,11,16,18,31 16 


0 


a 


1+ 


4+ 





16 
16,18,31 


16,18 


neoplasia, koilocy- 
totic atypia 

Grades 2-3 cervical U 1+ 
intraepithelial 
neoplasia 

Grade 2 cervical in- U re U U IF U 
traepithelial neo- 
plasia 

Endccervicitis 0 

Grade 3 cervical in- 0 
traepithelial neo- 
plasia 

Grade 2 cervical in- 0 
traepithelial neo- 
plasia 

Grade | cervical in- 0 0 0 0 
traepithelial neo- 
plasia, koilocytotic 
atypia 

Grade 2 cervical in- 0 
traepithelial neo- 
plasia 

Grade 3 cervical in- 18 a+ 18 0 18 
traepithelial neo- 
plasia 

Grade 2 cervical in- 18 ae 
traepithelial neo- 
plasia 

Squamous meta- U 1+ 
plasia 

Grade 1 cervical in- 0 U 0 16 
traepithelial neo- 
plasia, cervicitis 

Not performed 0 U 0 U 


6 High-grade lesion 


7 Low-grade lesion 


8 Negative Weak + 


9g High-grade lesion 


co 
(a 3 


10 Low-grade lesion, 18,33 0 18,33 


koilocytotic atypia 


1] Negative 


12 High-grade lesion Technically 


inadequate 


Technically 
inadequate 


Technically 
inadequate 


13 High-grade lesion 


' 14 High-grade lesion 6,11,16,18 18 2+ 6,11,16,18 


15 Negative 18,31,33 U l+ 18,31,33 


16 High-grade lesion 


17 Technically inade- 
quate 


U. Positive for uncharacterized HPF type; 0, negative for HPV. 


*All subjects had a history of abnormal Papanicolaou results. Papanicolaou results shown are from zhe last smear obtained 
before cervical biopsy and clinic cerviccvaginal lavage. HPV was detected by Southern blot and polymerase chain reaction followed 
by type-specific probing. Home samples were obtained a mean of 13 (range 10 to 36) days after the clinic visit and biopsy. Southern 
blot signal strengzh was scored on a weak + to 4+ scale as previously described.” 


fragment were unsuccessful, suggesting that the sample 
was devoid of amplifiable genomic DNA. 

Polymerase chain reaction followed by hybridization 
with the generic probe mixture detected HPV in 88% 
(14/16) of the amplified samples from both clinic and 
home, demonstrating complete concordance as to the 
presence or absence of virus in paired samples (Table 
I). Although the results of type-sdecific probing after 


tained in the clinic. This may have been partially at- 
tributable to the carbowax in the MY-PAP preservative. 
Nevertheless, all clinic samples and 94% (16/17) of the 
home samples yielded DNA that was quantitatively and 
qualitatively adequate for Southern blot and polymer- 
ase chain reaction analyses. The one sample judged to 
be inadequate (Table I, patient 12) contained no visible 


cellular pellet, and attempts to amplify the 8-globin 
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polymerase chain reaction suggested that many patients 


were infected with multiple HPV types, the paired sam- ' 


ples yielded the same results on all but three instances. 
One patient (No. 2) had positive results for HPV types 
6/11, 16, 18, and 31 in the clinic and HPV types 16, 
18, and 31 in the home sample. Another patient (No. 
6) had HPV 35 and 52 detected in the clinic sample 
and an uncharacterized type detected in the home sam- 
ple. The third patient (No. 16) had an uncharacterized 
HPV initially but was HPV 16 positive in the home 
sample. 

HPV was detected by Southern blot in 52% (13/25) 
of the clinic samples and 44% (7/16) of the home sam- 
ples (p = 0.85, x”). Seventy-five percent (12/16) of the 
paired samples (Table I) were concordant for the pres- 
ence of HPV DNA. In addition, concordance was high- 
est when the initial sample yielded a strong (2+ to 4+) 
HPV signal (83% or five of six) or a negative result 
(5/6). Concordant results were also observed more fre- 
quently in those patients who had dysplastic lesions 
(cervical intraepithelial neoplasia grades 1 to 3) on cer- 
vical biopsy (82% or 9/11) than those who had inflam- 
matory changes or normal biopsy specimens (50%, 
2/4). All positive paired samples (6/6) yielded the same 
viral type from both lavage specimens. 


Comment 


Seventeen of 25 patients returned home cervicovag- 
inal lavage samples. The 68% compliance rate observed 
in this inner-city, municipal hospital population was 
judged to be quite acceptable, particularly since no 
reimbursement was offered for study participation and 
“no attempt was made to contact those individuals who 
failed to return samples. 

Samples obtained at home and preserved in ethanol- 
carbowax fixative were qualitatively and quantitatively 


adequate for Southern blot and polymerase chain re- 


action analyses. Polymerase chain reaction, the more 
sensitive diagnostic modality, demonstrated that the 
same viral types were present in both clinic and home 
samples. Indeed, the agreement in results on paired 
samples was striking, Furthermore, many patients 
tested positive for multiple viral types with polymerase 
chain reaction. Potentially, some of these patients may 
have been infected with uncharacterized viral types that 
cross hybridized with one or several type-specific 
probes. 

The results of HPV detection by Southern blot dem- 
onstrated highest concordance in paired samples when 
the initial samples yielded either a strong signal or a 
negative result and in those patients who had dysplastic 
lesions on cervical biopsy. This suggests that discordant 
results occurred most often in patients with quantita- 
tively less virus and in patients who lacked evidence of 
viral cytopathic effect or dysplasia on biopsy. Factors 
that may have contributed to discordant results include 
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the elapsed time (averaging 2 weeks) between samples, 
day-to-day variation in viral shedding, or the interven- 
ing cervical biopsy, which may have decreased detect- 
able virus. 

We conclude the MY-PAP offers an easy, relatively 
inexpensive method of obtaining cervicovaginal lavage 
samples for HPV analysis. Patient compliance and ac- 
ceptability of the device were high. This method offers 
great promise in clinical and epidemiologic studies of 
HPV infection and cervical neoplasia and may be par- 
ticularly useful in studies that involve repetitive sam- 
pling or in the evaluation of medically underserved 
populations. 
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Cold therapy in the management of postoperative cesarean 


section pain 


Soheil Amin-Hanjani, MD, Joseph Corcoran, DO, and Ashwin Chatwani, MD 


Philadelphia, Pennsylvania 


Sixty-two patients were randomized to receive either localized coid therapy to the cesarean section 
incision or routine postoperative care. Evaluation of the amount of analgesia requested, infection rate, and 
length of hospital stay did not show a significant difference between the two groups. There is no objective 
evidence to show that the use of cold therapy in postoperative cesarean section pain relief is beneficial. 


(Av. J OBSTET GYNECOL 1992;167:108-9.) 


Key words: Cold therapy, cesarean section, postoperative analgesia 


Postoperative use of cold theraby is said to result in 
a quicker, less painful recovery from surgery and a 
decrease in the need for analgesic medications. It has 
been widely used after orthopedic procedures’ but has 
not been studied in abdominal surgery. It acts by caus- 
ing constriction of the cutaneous blood vessels, by di- 
minishing bleeding and edema, and by raising the pain 
threshold and causing localized muscle relaxation.’ 

We carried out a prospective study to evaluate the 
efficacy of cold therapy in postcesarean wound anal- 
gesia. The Dual Temp localized cold therapy unit by 
Seabrook Medical Systems, Inc., was used. Sixty-two 
consecutive patients undergoing cesarean section at 
Temple University Hospital were enrolled for the 
study. Half were randomized to receive the cold ther- 
apy (group 1) whereas the other half had routine post- 
operative care (group 2). The disposable Dual Temp 
pad was applied tc the operative incision after routine 
closure, wound cleansing, and application of a nonad- 
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Table I. Comparison of two patiert groups 


hesive dressing. The unit, which circulates chilled water 
through its channels, has two self-sealing hoses that are 
left outside the bandages. The desired surface tem- 
perature is maintained by the central unit, thereby 
avoiding the problem of overcooling and damage to 
superficial structures. The temperature of the fluid is 
set at 43° F, and the unit is run continuously for 48 
hours. However, the unit can be disconnected and re- 
connected for intermittent interruptions as required. 
Patients receiving epidural analgesics for long-term 
pain control postoperatively were excluded from the 
study. 

Comparison of the two groups with regard to age, 
gravidity and parity, racial background, and prenatal 
care did not reveal a significant difference. Likewise 
there was no significant difference in the indications 
for cesarean section tn the two groups. The majority 
of cesarean sections were perforrned with the patient 
under epidural anesthesia, with spinal or general an- 
esthesia used in the rest of the cases. Postoperative par- 
enteral analgesia was with meperidine hydrochloride 
and promethazine hydrochloride. followed by oxyco- 
done or acetaminophen with codeine when bowel func- 
tion returned. No significant difference was noted be- 
tween the two groups in relation to the amount and 
duration for which postoperative analgesia was re- 
quired. Patients with group 1 required an average of 


Cold therapy Control 
(n = 31) (n = 31) p 


Postoperative analgesia 
Parenteral (mean) 
Total oral (mean) 

Return of gastrointestinal functicn (mean No. 
days to passing flatus) 

Postpartum endomyometritis 

Length of hospital stay (mean days) 


NS, Not significant. 
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3.09 (range 0-8) 3.08 (range 1-7) NS 
2.68 (range 0-9) 3.16 (range 1-5) NS 
1.9 (range 1-6) 2.0 (range 1-5) NS 
11 (35.4%) 13 (41.9%) NS 
4.58 (range 3-7) 4,83 (range 3-8) NS 
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3.09 injections followed by 2.68 oral doses of analgesia 
as compared with patients in group 2, who required 
3.08 injections followed by 3.16 doses of ora analgesia. 
One patient in group 1 did not require anv analgesia 
postoperatively. There was also no significant differ- 
ence between the two groups in relation to zhe time to 
return of bowel activity, postoperative infection rate, 
and length of hospital stay (Table I). 

This preliminary study fails to show a significant dif- 
ference in requirement for postoperative analgesia or 
postoperative recovery when cold therapy is used in 
cesarean section patients. Experience in orthopedic 
surgery has shown cold therapy to be an effective means 
of reducing postoperative pain, especially in knee sur- 
gery and hip replacement, but this study failed to show 
similar outcome in the treatment of postoperative pain 
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in abdominal surgery. It has been suggested that direct 
application of the cooling pad over the incision, as op- 
posed to applying it over the surgical dressing, might 
enhance the physiologic effect, and this might warrant 
further study. In summary, it should be noted that at 
the present there is no objective evidence to show that 
the use of cold therapy in postoperative cesarean sec- 
tion pain relief is beneficial. 
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Cyclooxygenase products do not modulate 


angiotensin I[—induced contractions of human chorionic 


plate arteries 
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Milwaukee, Wisconsin 


OBJECTIVE: This study sought to determine whether cyclooxygenase products modulate angiotensin 


ll-induced contractions of human placental arteries. 


STUDY DESIGN: Ring segments of chorionic plate arteries (3 to 5 mm inner diameter) were obtained after 
normal vaginal deliveries. Active force n response to 10-° mol/L angiotensin II or 1074 mol/L arachidonic 
acid was measured in the presence or absence of 10-8 mol/L indomethacin to inhibit cyclooxygenase. The 
response of K* contracted arteries to the stable prostacyclin analog iloprost was also tested to determine 
whether prostacyclin relaxes these vessels. Statistical differences were assessed by analysis of variance, 
Wilcoxon sign rank test, or Student t test with Bonferroni correction for multiple comparisons. 

RESULTS: Successive applications of angiotensin II produced significantly less contraction than the 
original dose (anciotensin II tachyphylaxis). Angiotensin || tachyphylaxis was unaffected by indomethacin. 
Arachidonic acid caused an indomethacin-sensitive contraction and iloprost failed to relax the arteries. 
CONCLUSIONS: These results suggest that cyclooxygenase products do not mediate angiotensin Il 
tachyphylaxis in these vessels. (AM J CiBsteT GYNECOL 1992;16€7:110-4.) 


Key words: Angiotension tachyphylaxis, prostaglandins, pregnancy-induced hypertension, 


prostacyclin, preeclampsia 


Eicosanoids and vasoactive pept:des have an impor- 
tant role in controlling blood flow in a number of dif- 
ferent tissues, including the umbilicoplacental circula- 
tion. These compounds appear to interact in many 
_ organs to regulate arterial tone, tissue blood flow, and 
vascular resistance. For example, vasodilator products 
of the cyclooxygenase pathway have been proposed to 
modulate angiotensin I1—induced contractions in some 
peripheral blood vessels*’ (but not others*’). 

Alterations in the interactions between eicosanoids 
and other vasoactive stimuli may contribute to morbid- 
ity and mortality in some pathophysiologic states. For 
example, Minuz et al.!° reported that the excretion of 
prostaglandin and thromboxane metabolites was al- 
tered in pregnancy—induced hypertension and con- 
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cluded that an imbalance between constrictor and di- 
lator influences in pregnancy-induced hypertension 
might produce vasoconstriction and potentiate the hy- 
pertensive effects of catecholamines and angiotensin 
II. Other authors’ '* have reported that vessels of pre- 
eclamptic individuals exhibit an enhanced responsive- 
ness to angiotensin II and a diminished production of 
prostacyclin (PGI,), which may be responsible for re- 
duced blood flow and defective fetal nutrition" and 
could lead to the clinical manifestations of pre- 
eclampsia." 

To evaluate the potential role of altered angiotensin 
II responsiveness and reduced production of PGI, (or 
other cyclooxygenase products) in preeclampsia, it 1s 
essential to determine if these blood flow controllers 
interact in the normal placental vasculature. In the cur- 
rent study, we performed a series of experiments to 
test the hypothesis that the release of vasodilator prod- 
ucts of the cyclooxygenase pathway modulates angio- 
tensin II-induced contractions of the chorionic plate 
arteries on the fetal side of the human placenta. 


Material and methods 


General. The present experiments on placental ves- 


= sels were conducted with the approval of the Human 


Research Review Committee of the Medical College of 
Wisconsin. Medium size chorionic plate arteries (3 to 


-5 mm inner diameter) were carefully dissected from 


human placentas obtained soon after normal vaginal 
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Fig. 1. Tachyphylaxis of human placental arteries to angiotensin I (10~® mol/L) in presence of 107° 
mol/L indomethacin (cross-hatched bars) or vehicle { open bars). Data are expressed as ratio of contractile 
response of vessel to given dose of angiotensin II (DJ, D2, D3, D4) divided by the response to the 
first dose of angiotensin II (D1). Successive applications of angiotensin II produced tachyphylaxis 
in both vehicle and indomethacin-treated rings. Data expressed as mean + SEM for six arteries in 
each group. Asterisk, Significant decrease (p < 0.05) from initial response to angiotensin I] in specific 


group. See text for details. 


deliveries. Placental vessels were cut into 3 mm rings, 
mounted in 25 ml jacketed tissue baths, and maintained 
in physiologic salt solution containing 119 mmol/L so- 
dium chloride, 4.6 mmol/L potassium chloride, 1.5 
mmol/L magnesium chloride, 1.6 mmol/L calcium 
chloride dihydrate, 15 mmol/L sodium bicarbonate, 
1.2 mmol/L sodium phosphate, and 11 mmol/L glu- 
cose. The vessel rings were maintained at 37° C and 
gassed with a 93% oxygen and 7% carbon dioxide gas 
mixture. Vessels were maintained at 3.0g passive ten- 
sion and allowed to equilibrate for 1 hour before any 
experimental protocols. Changes in contractile force in 
the vessel were measured with Grass model FT-03 iso- 
metric force transducers connected to a Grass model 7 
polygraph (Grass Instrument Co., Quincy, Mass.) or a 
CODAS electronic data acquisition system (Datag In- 
struments, Inc., Akron, Ohio), 

Specific protocols. Studies of tachyphylaxis to an- 
giotensin II were performed by incubating the rings 
with indomethacin (107° mmol/L) or vehicle (n = 6 for 
each) for 30 minutes followed by four successive ap- 


plications of 107° mol/L angiotensin II. The successive 


applications were separated by 30-minute washout pe- 
riods. After the initial incubation period, indomethacin 
(107° mol/L) or its vehicle was present in the tissue bath 
throughout the experiment. Data were expressed as the 
ratio of active force in response to a given dose of 
angiotensin IT divided by the response to the first dose 
of angiotensin II. 

The effects of exogenous arachidonic acid (10-4 
mol/L) were also tested on unstimulated arterial rings 


after 30 minutes of incubation with indomethacin (107° 
mol/L) or its vehicle. In this series of experiments, ar- 
achidonic acid (sodium salt, Sigma Chemical Co., St. 
Louis) was dissolved in ethanol to produce a 0.1 
mol/L stock solution. Aliquots of the arachidonic acid 
stock solution were then added to the tissue bath to 
achieve a final concentration of 10-* mol/L. 

In another series of experiments, the responses of 
the vessels to PGI, were tested by adding the stable 


PGI, analog iloprost to rings that were precontracted 


with 40 mmol/L K*. To determine whether PGI, had 
any dilator action on the vessels, the active force in K*- 
contracted vessels treated-with iloprost was compared 
with that in control rings that had been exposed to 40 
mmol/L K* for an equivalent time without iloprost (K* 
time controls) and K*-contracted rings that were 
treated with the nitrovasodilator sodium nitroprusside 
(107° mol/L). 

Statistical procedures. Differences between succes- 
sive angiotensin II responses in the presence and ab- 
sence of indomethacin or its vehicle were assessed by 
comparing the absolute force developed in response 
with each dose of angiotensin I]. The presence of 
significant differences was detected by analysis of var- 
lance, and differences between specific group means 
were assessed with a multiple range test. Responses to 
exogenous arachidonic acid in the presence and ab- 
sence of indomethacin were compared with the Wil- 
coxon sign rank test. Differences in active force in il- 
oprost-treated vessels versus K* time controls and ni- 
troprusside-treated vessels were compared with a 
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aa + indo (107 ©M) 


Fig. 2. Response of human chorionic plate arteries to 10~* mol/L arachidonic acid (aa) in the presence 
of 10-° mol/L indomethacin (indo) (n = 4) or its vehicle (n = 7). Data expressed as mean active 
force (grams) + SEM. Asterisk, Significant difference (p < 0.05) between vehicle and indomethacin. 


Student ¢ test with a Bonferroni correction for 
multiple comparisons. In all comparisons, a probability 
value of p < 0.05 was considered to be statistically sig- 
nificant. 


Results 


The responses of isolated rings of human chorionic 
plate arteries to angiotensin II in the presence of in- 
domethacin or its vehicle are summarized in Fig. 1. 
After the first exposure to angiotensin II, successive 
applications (second through fourth doses) produced 
significantly less contractile force than the original ap- 
plication (tachyphylaxis). Tachyphylaxis to angiotensin 
II was similar in the vehicle and indomethacin-treated 
groups. 

The responses of human chorionic plate arteries to 
exogenous arachidonic acid in the presence of 10~° 
mol/L indomethacin or its vehicle are summarized in 
Fig. 2. In these experiments, 1074 mol/L arachidonic 
acid produced a significant contraction of the vessel, 
which was prevented by inhibition of cyclooxygenase 
with 10~® mol/L indomethacin. 

Fig. 3 compares the active force in K*-contracted 
arteries exposed to iloprost (107° mol/L) or sodium 
nitroprusside (10-° mol/L). In these studies arteries 
contracted with 40 mmol/L K* in the absence of ilo- 
prost or sodium nitroprusside (K* time controls) ex- 
hibited a pronounced reduction in active force with 
time, which was presumably due to stress relaxation of 
the vessel. Active force in vessels exposed to iloprost 
was not significantly different from that in K* time 
controls, whereas sodium nitroprusside caused a com- 
plete relaxation of the arteries. 


Comment 


Vasodilator prostaglandins, particularly PGI, appear 
to play an important role in the control of vascular 
reactivity, platelet aggregation, and renal and utero- 
placental blood flow during normal pregnancy.” A ma- 
jor role of prostaglandins in pregnancy may be to main- 
tain a low peripheral vascular resistance and to protect 
against the potential hypertensive effects of the ele- 
vated plasma angiotensin levels that occur in normal 
pregnancy.” If the interaction between vasodilator 
prostaglandins and angiotensin II is somehow dis- 
turbed, pregnancy-induced hypertension may develop, 
posing the threat of morbidity and mortality for the 
patient and her fetus.” 

A number of studies have suggested that angiotensin 
IH stimulates the synthesis and release of PGI, and other 
prostanoids®” '*" and that endogenous prostaglandins 
may modulate the response of vascular smooth muscle 
to angiotensin I1.*’ However, otrer studies?” suggest 
that vasodilator eicosanoids do not contribute to an- 
giotensin tachyphylaxis. In the current experiments, we 
compared successive angiotensin II-induced contrac- 
tions of human chorionic plate arteries in the presénce 
and absence of indomethacin to determine whether the 
release of cyclooxygenase products from the vessel 
modulates angiotensin II-induced contractions of 
these arteries. 

In these experiments the contractile response of the 
arteries to successive applications of the same concen- 
tration of angiotensin II] was significantly less than the 
initial response (angiotensin II tachyphylaxis). Vessel 
responses were virtually identical in the presence and 
absence of indomethacin. The latter observation is con- 


Volume 167 
Number 1 


Active 

Force 

grams) 

3 

2 

1 K 
\ 

i N 


Time Control 


lloprost 


Angiotensin tachyphylaxis in placental arteries 113 


Nitroprusside 


Fig. 3. Response of K*-contracted human chorionic plate arteries to stable prostacyclin analog 
iloprost (107° mol/L) and socium nitroprusside (107° mol/L). Open bers, Active force developed 
during initial activation of vessel with 40 mmol/L K*; cross-hatched bars, active force during exposure 
to iloprost (n = 11), nitroprusside {n = 5), or 40 mmol/L K* with no vasodilator agent (Time control) 
(n = 7). Data are expressed as mean active force (grams) + SEM. Asterisk, significant difference 
(p < 0.05) from active force measured in presence of iloprost. See text for details. 


sistent with the view that liberation of vasodilator prod- 
ucts of the cyclooxygenase pathway does not modulate 
angiotensin II-induced contractions of these fetal 
vessels. 

Our observation that iloprost did not relax K*-con- 
tracted chorionic plate arteries suggests that PGI, 


would not contribute to angiotensin II tachyphylaxis of. 


these vessels, even if it is liberated from the arteries in 
response to angiotensin II. The lack of a dilator re- 
sponse to iloprost that we observed in the current ex- 
periments is consistent with the results of several animal 
studies, which have demonstrated that prostacyclin 
does not relax sheep” or rabbit” placental vessels and 
does not reverse angiotensin I]—induced constriction 
in the sheep placental vasculature.*** 

Finally, we observed that exogenous arachidonic acid 
caused a contraction of the arteries. This contraction 
was blocked by indomethacin. Although vasoconstric- 
tor responses to arachidonic acid have been reported 
in some blood vessels (predominantly veins),”* *’ ara- 
chidonic acid produces a relaxation of most 
arteries,” apparently as a result of the production of 
PGI, by the vascular endothelium.” Our observation 
that human chorionic plate arteries exhibit contractile 


responses to arachidonic acid is consistent with Tulen- 


ko’s report that this compound causes constriction of 
resistance arteries supplying the exchange villi of the 
human fetal placenta.' Taken together, these observa- 
tions indicate that the cyclooxygenase pathway in these 


vessels produces vasoconstrictor substances rather than 
vasodilator compounds. 

Likely candidates for cyclooxygenase-dependent 
constrictor substances include thromboxane Ag,,* 1773.30 
prostaglandins that have constrictor actions on chori- 
onic plate arteries, e.g., prostaglandin E or F,,,'%” 
prostaglandin endoperoxides,” and superoxide anions 
generated by the hydroperoxidase activity of prosta- 
glandin H synthase.** ** Regardless of the specific com- 
pounds produced, our observation that exogenous ar- 
achidonic acid produces an indomethacin-sensitive con- 
striction of chorionic plate arteries provides additional 
support for the hypothesis that angiotensin II tachy- 
phylaxis in these vessels is not due to the production 
of vasodilator products by the cyclooxygenase pathway. 

Although the results of the present study are con- 
sistent with the hypothesis that vasodilator products of 
the cyclooxyenase pathway are not direct modulators 
of angiotensin []—induced contractions of human cho- 
rionic plate arteries, our observations -do not preclude 
the possibility that a reduced production of PGI, from 
other sources, e.g., uterus” or fetal vessels,” may indi- 
rectly enhance the reactivity of maternal vessels to an- 
giotensin II in pregnancy-induced hypertension by re- 
ducing the overall level of vasodilator influences op- 
erating on these vessels. Further studies designed to 
identify the mechanisms of angiotensin tachyphylaxis 
and vascular control in the maternal and umbilicopla- 
cental circulations should provide valuable insight into 
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circulatory control during normal pregnancy and preg- 
nancy-induced hypertension. 
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Perihepatic adhesions: Not necessarily pathognomonic of 


pelvic infection 


Soheil Amin-Hanjani, MD, Thomas Neely, MD, and Ashwin Chatwani, MD 


Philadelphia, Pennsylvania 


Perihepatic adhesions are often considered to be associated with pelvic inflammatory disease and 
subsequent infertility. Seventeen patients out of 100 undergoing elective laparoscopic sterilization had 
evidence of perihepatic adhesions. Four of the 17 showed evidence of old pelvic inflammatory disease, but 
only two gave a history of sexually transmitted disease. All patients had a negative gonorrhea culture and 
50 also had a negative chlamydia culture before the procedure. These data suggest that perihepatic 
adhesions may be observed in otherwise normal fertile women, and its presence does not necessarily 
imply pelvic inflammatory disease or poor fertility. (AM J OssteT GYNECOL 1992;167:115-6.) 


Key words: Perithepatic adhesions, Fitz-Hugh--Curtis syndrome, pelvic inflammatory disease, 


laparoscopic tubal ligation 


Perihepatic adhesions are a well known sequelae of 
pelvic inflammatory disease. Curtis’ in 1930 and Fitz- 
Hugh? in 1934 put forth the popular concept of a 
perihepatitis syndrome associated with gonococcal pel- 
vic inflammatory disease; the syndrome is not well 
known under the eponym combining their names. Nets- 
seria gonorrhoeae and chlamydia are considered to be the 


principal agents involved in the pathogenesis of Fitz- 


Hugh—Curtis syndrome.’” 
In this article we present a series of patients who at 
the time of laparoscopic tubal ligation were also as- 


sessed for the presence of perihepatic adhesions. A . 


study of operative findings presents a unique new 
subgroup of patients with Fitz-Hugh—Curtis syndrome. 


Material and methods 


One hundred consecutive patients undergoing elec- 


tive laparoscopic tubal ligation were enrolled in this . 


study. All patients had a negative N. gonorrhoeae culture, 
and the last 50 also had a negative chlamydia culture 
within 6 weeks of the surgery. A standard history in- 
cluded questions concerning history of sexually trans- 
mitted diseases, pelvic inflammatory disease, liver dis- 
ease, or gastrointestinal diseases. All patients under- 
went routine laparoscopic tubal ligation. After 
evaluation of the pelvis for evidence of pelvic inflam- 
matory disease and tubal ligation, evaluation of the liver 
capsule and anterior abdominal wall was carried out. 
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Table I. Perthepatic adhesions: historic factors 
and operative findings 


Adhesions No adhesions 
(n = 17) (n = 83) 
History of sexually - 2 (11.8%) 12 (14.5%) 
transmitted ` 
disease 
History of pelvic 0 2 (2.4%) 
infection 
Evidence of 4 (23.5%) 


5 (6.0%) 
chronic pelvic 
infection 


The patients were divided into two groups on the basis 
of the operative findings: those with and those without 
perihepatic adhesions. 


Results 


All patients were clinically asymptomatic and had 
normal results of abdominal and pelvic examinations 
before surgery. ‘There was no statistically significant 
difference in age or parity in the two groups of patients. 

Seventeen patients had evidence of perihepatic adhe- 
sions. Two of the patients in the adhesion group 


_ (11.8%) and 12 of the patients in the no-adhesion group 


(14.5%) gave a history of sexually transmitted diseases. 
No patient with adhesions had a documented episode 
of pelvic inflammatory disease (Table I). Four of the 
17 patients (23.5%) with adhesions also had evidence 
of old pelvic infection. This was much higher than the 
patients who had no perihepatic adhesions but had sim- 
ilar pelvic findings (five of 83 or 6%). Two patients with 
a history of sexually transmitted disease and perihe- 
patic adhesions also had evidence of old pelvic in- 
fection. 
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Comment 


Our study documents the presence of perihepatic 
adhesions in a new group of patients, namely, fertile 
asymptomatic patients with no laparoscopic evidence 
of old pelvic infection. None of the patients had a his- 
tory of pelvic infection, and only two had a history of 
sexually transmitted disease. Thirteen patients had no 
evidence of prior infection in the pelvis, and the pres- 
ence of perihepatic adhesions was a surprising finding 
in this group. Computer-assisted search of the litera- 
ture did not reveal any documentation of such a series. 

The current study suggests that perihepatic adhe- 
sions may be the only residual effect left from a pelvic 
infection or may occur without prior pelvic infection. 
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It also suggests that the mere presence of perihepatic 
adhesions is not an indication of unfavorable outcome 
in patients with infertility, because all our patients were 
fertile women undergoing interval sterilization. A 
larger study to define the possible causes of perthepatic 
adhesions is under way. 
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Prophylactic amnioinfusion improves outcome of pregnancy 


complicated by thick meconium and oligohydramnios 


Charles J. Macri, MD, CDR, MC, USN, David B. Schrimmer, MD, Anna Leung, MD, 
Jeffrey S. Greenspoon, MD, and Richard H. Paul, MD 


Los Angeles, California 


OBJECTIVE: The null hypothesis is that the use of intrapartum amnioinfusion in labors complicated by the 
presence of thick meconium and oligohydramios will not decrease the incidence of fetal distress, cesarean 
delivery, meconium aspiration, or meconium aspiration syndrome. 


STUDY DESIGN: One hundred seventy term and postterm patients with thick meconium and 
oligohydramnios were randomly chosen to receive amnioinfusion or standard obstetric care without 
amnioinfusion. The frequency of fetal distress, cesarean section, meconium aspiration, and meconium 
aspiration syndrome were subject to x? analysis, Student’s ¢ test, or Fisher’s exact test. 

RESULTS: The rate of fetal distress was significantly reduced in the amnioinfusion group compared with 
controls (three of 85 vs 19 of 85, relative risk 0.15, 95% confidence interval 0.06 to 0.42). The rate of 
cesarean section for fetal distress was significantly reduced in the amnioinfusion group (two of 85 vs 17 of 
85, relative risk 0.118, confidence interval 0.03 to 0.49). The rates of meconium aspiration (four of 85 vs 
33 of 85, relative risk 0.12, confidence interval 0.0449 to 0.327) and meconium aspiration syndrome (0 of 
85 vs five of 85, relative risk 0.09, confidence interval 0.009 to 0.872) were significantly reduced by 


amnioinfusion. 


CONCLUSIONS: Amnioinfusion improves the outcome in pregnancies complicated by thick meconium and 


oligohydramnios. (Am J Osster GYNECOL 1992;167:117-21.) 


Key words: Amnioinfusion, meconium, oligohydramnios, fetal distress, prolonged 


pregnancy 


The presence of meconium in the amniotic fluid of 
the fetus in a vertex presentation has been considered 
to be a sign of fetal stress or distress. Meconium has 
been associated with increased perinatal morbidity and 
death, especially when meconium aspiration syndrome 
occurs.'’* Meconium aspiration syndrome develops 
when mechanical obstruction and chemical inflamma- 
tion occur as a result of aspiration of meconium into 
the lower respiratory tract of the fetus or the neonate. 
The syndrome is defined as respiratory distress in a 
neonate with meconium aspiration. There is a mortality 
rate of approximately 25%, and it accounts for 2% of 
all perinatal deaths.” 

Meis et al.” evaluated patients with meconium passage 
during early and late labor and graded the presence of 
meconium as light or heavy. Heavy meconium passage 
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early in labor was associated with increased fetal mor- 
bidity, including abnormal fetal heart rate (FHR) pat- 
terns (late decelerations, severe variable decelerations, 
and decreased variability}, prolonged second stage of 
labor, and an increased incidence of operative inter- 
vention (including operative forceps deliveries and ce- 
sarean section). A significantly higher incidence of neo- 
natal morbidity and mortality, particularly in associa- 
tion with meconium aspiration, occurred when heavy 
meconium was present early in labor. 

In 1976 Carson et al. described the combined ob- 
stetric-pediatric approach to infant tracheal suctioning 
at delivery. In spite of a decrease in the incidence of 
meconium aspiration syndrome, the neonatal mortality 
incidence has remained at 2%.* 

Wenstrom et al. randomly compared 85 patients 
with thick meconium. The study group was infused 
with 1000 ml of normal saline solution initially and 
every 6 hours until delivery. The control patients re- 
ceived routine management. The incidences of low 
]-minute Apgar score, meconium below the cords, and 
operative delivery were significantly less in patients re- 
ceiving amnioinfusion. The three cases of meconium 
aspiration syndrome occurred in patients receiving 
routine management. Sadovsky et al.’ demonstrated 
that 19 cases of labor treated with amnioinfusion for 
thick meconium had a better neonatal outcome com- 
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Table I. Patient demographic ckaracteristics 


Infusion Control 
group group 


(N = 85) | (N = 85) 


Significance 





Age (vr, 22.0 £5.60. 223 23.4 NS 


meen + SD) 


Parity (mean + SD) 052+06 0420.7 NS 

No. of nulliparous 59 (69%) 52 (61%) NS 
women 

No. of multiparous 26 (31%) 33 (39%) NS 
women 


Estimated gesta- 294.0+ 6.0 293 + 8.0 NS 
tional age (days, 
mean + SD) 

No. of patients with 
postdates preg- 
nancies (>287 
days) 

Amniotic fuid in- 
dex (cm, 
mean + SD) 

Dilatation of cervix 
(cm, mean + SD) 

No. of patients with 
spontaneous rup- 
ture of mem- 
branes 


70 (82%) 76 (89%) NS 


3.5 + 0.7 342408 NS 


32+09 33+ 0.9 NS 


34 (40%) 41 (48%) NS 


NS, Not significant. 


pared with 21 cases treated routinely. The frequency 
of neonatal acidemia and positive pressure ventilation 
were significantly decreased in the infused group. No 
newborn infants in the amnioinfusion group had me- 
conium greater than “trace” below the vocal cords. 

The purpose of our prospective, randomized clinical 
trial was to evaluate the possible effects of amnioin- 
fusion with respect to (1) the incidence of intrapartum 
feta! distress, (2) the incidence of cesarean delivery for 
fetal distress, (3) Apgar scores, (4) umbilical artery pH 
values, (5) the incidence of meconium below the vocal 
cords, and (6) the incidence of meconium aspiration 
syndrome. 


Material and methods 


During the 14 months from Sept. 1, 1989, through 
Oct. 31, 1990, women in labor with thick meconium 
and oligohydramnios (amniotic fluid index s5 cm) 
were evaluated for participation in the study. The study 
was approved by the Institutional Review Board of Los 
Angeles County/ University of Southern California. A 
computer program, Epi-stat, ver 3.0 (copyright 1984) 
(Tracy L. Gustafson, MD, Round Rock, Tex.), was used 
to generate the random allocation sequence used to 
assign subjects to one of two grcups: amnioinfusion or 
standard obstetric care without amnioinfusion. The as- 
signments were placed in sealed, opaque envelopes and 
opened sequentially after a subject was enrolled. 

Criteria for entry included singleton gestation, vertex 
presentation, gestational age of =37 weeks, estimated 
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fetal weight of =2500 gm, cervical dilation of =5 cm, 
normal baseline FHR, the presence of at least one ac- 
celeration of =15 seconds duration and 215 beats 
above the baseline, ruptured membranes (artificial or 
spontaneous), thick meconium, and amniotic fluid in- 
dex =5 cm. 

Patients were excluded for any of the following rea- 
sons: abnormal FHR patterns including baseline tachy- 
cardia > 160 beats/min or bradycardia <120 beats/min, 
persistent late decelerations, and moderate or severe 
variable decelerations. Other reasons for exclusion in- 
cluded vaginal bleeding, nonvertex presentation, cho- 
rioamnionitis, fetal anomalies, uterine anomalies, or 
contraindication to labor. 

Patients meeting these criteria and giving informed 
written consent were then randomized to receive either 
amnioinfuston or standard obstetric care. 

All participants had routine admission history, phys- 
ical examination, and laboratory tests performed. Me- 
conium, identified as thick, noted at any time, including 
that present on admission or noted later after spon- 
taneous or artificial rupture of membranes, was the 
primary criterion for entry to the study. Meconium was — 
clinically defined as being thick if it appeared thick, 
tenacious, and opaque; had a “pea soup” quality; and 
contained significant particulate matter, after Wen- 
strom and Parsons.® One of the authors confirmed the 
presence of thick meconium and performed an ultra- 
sonographic examination with a 3.5 or 5 MHz linear- 
array transducer (Ultramark 4, Advanced Technology 
Laboratories, Bothell, Wash.). The amniotic fluid 
index was determined, and a singleton, vertex, 
anatomically normal fetus was confirmed ultrasono- 
graphically. 

An intrauterine pressure catheter and fetal scalp 
electrode provided continuous monitoring of intra- 
uterine pressure and the FHR. Amnioinfusion was per- 
formed in a manner that was a modification of that 
outlined by Miyazaki and Nevarez® and Strong et al.” 
A total of 500 ml of normal saline solution, warmed to 
37° C, was infused by gravity How through an intra- 
uterine pressure catheter over 20 to 30 minutes. Ex- 
ternal uterine tocodynamometry was used during the 
actual infusion process. 

After completion of the amnioinfusion, the amniotic 
fluid index was determined. If the postinfusion index 
was <5 cm, an additional 500 ml was infused after 
ensuring correct catheter placement. If the amniotic 
fluid index was >10 cm, the patient was observed. If 
the subsequent index was >5 cm and <10 cm, an ad- 
ditional 250 ml of normal saline solution was infused. 
Repeat amniotic fluid index determinations were per- 
formed hourly by the investigators until delivery. 

Clinical management and FHR pattern interpreta- 
tion, including the diagnosis of fetal distress, was per- 
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formed by the resident physicians and consultant staff. 
Customary obstetric management was performed in 
both groups of patients. DeLee suctioning of the oro- 
pharynx and nasopharynx was performed on all infants 
after delivery of the infant’s head. Umbilical cord artery 
and vein blood gases were obtained in all cases. A pe- 
diatric resident attended all deliveries because of the 
known presence of thick meconium. The neonatal at- 
tendants were unaware if the neonate was in the am- 
nioinfusion or control group. The presence or absence 
of meconium in the oropharynx and below the vocal 
cords was evaluated in all neonates. 

Outcome parameters included (1) fetal distress, (2) 
operative intervention rates (cesarean delivery, forceps, 
or vacuum delivery), (3) operative intervention for fetal 
distress, (4) presence of meconium in the orcpharynx 
or below the vocal cords, (5) meconium aspiration syn- 
drome, (6) umbilical artery pH, (7) and Apgar scores. 
Fetal distress was defined as bradycardia, repetitive se- 
vere variables, or repetitive late decelerations as de- 
scribed by Kubli et al.’ 

A p value of 0.05 was used to establish statistical sig- 
nificance. Assuming a B error of 0.2, a power calcula- 
tion suggested that a minimum of 79 patients should 
be assigned to each study group. The power calculation 
was based on the differential emergency cesarean de- 
livery rate of the Wenstrom and Parsons® study (3% vs 
16%, respectively). 

Statistical comparisons were performed with the Stu- 
dent ¢ test, x’, or Fisher’s exact test and the calculation 
of relative risks with 95% confidence intervals." 


Results 


Informed consent was obtained for 170 patients who 
met the entry criteria. Eighty-five subjects were ran- 
domized into each group. After enrollment no subject 
was excluded from the study or from the analysis. The 
treatment and control groups were similar for maternal 
age, parity, gestational age, and amniotic fluid index 
(Table I). The groups did not differ with respect to the 
proportions of nulliparous women, postdates pregnan- 
cies (estimated gestational age >287 days), or patients 
with intact membranes at the time of admission (Table 
II). All patients exhibiting thick meconium had an am- 
niotic fluid index <5 cm. 

The treated group required an average of 1.14 in- 
fusion sequences to attain an initial amniotic fluid index 
value >10 cm. Seventy-two of 85 (85%) patients re- 
quired a single amnioinfusion, 12 patients received two, 
and one received three. The total volume required 
ranged from 500 to 1250 ml. The mean (+SD) was 
544 + 110 ml (Table IJI). Nulliparous and multiparous 
patients did not differ statistically with respect to the 
initial infusion volumes required. 

Reinfusions were categorized as follows: (1) part of 


Prophylactic amnioinfusion improves outcome 119 


Table II. Distribution of high-risk patients 





| Infusion Control 
| group. | group 
| (N = 85) | (N = 85) | Significance 
Hypertension — 10 (12%) 13 (15%) NS 
pregnancy-in- 
duced hyper- 
tension 
Diabetes 5 (6%) 3 (4%) NS 
Previous cesarean 11 (13%) 9 (11%) NS 
delivery 
Postdates preg- 70 (82%) 76 (89%) NS 
nancies (>287 
days) 
Drug abuse 1 (1%) 0 NS 
History of pyelo- 3 (4%) 2 (2%) NS 
nephritis 


NS, Not significant. 


the initial infusion process when the initial infusion of 
500 ml did not restore the amniotic fluid index to 
10 cm or (2) later reinfusions when the amniotic fluid 
index decreased below 10 cm during the course of la- 
bor. A total of 13 of 85 (15%) required more than one 
amnioinfusion; six of 13 immediately after the initial 
amnioinfusion and seven of 13 at some point later in 
labor. The initial 500 ml infusion increased the amniotic 
fluid index to 210 cm in 79 of 85 (93%) patients. The 
initial infusion did not increase the amniotic fluid index 
to 10 cm in six patients, and fluid was visibly leaking 
from the vagina in these cases. In this situation, the 
correct placement of the uterine catheter was con- 
firmed and reinfusion successfully increased the am- 
niotic fluid index to =10 cm. Subsequent reinfusion 
was required later in labor in seven patients: two at 3 
hours, three at 4 hours, one at 6 hours, and one at 7 
hours (Table III). No reinfusions were required before 
3 hours from the initial infusion once an amniotic fluid 
index of 10 had been achieved. 

The initial 500 ml infusion increased the amniotic 
fluid index 8.2 + 2.2 cm. The smaller infusion volume 
of 250 ml raised it 4.2 + 1.5 cm. 

The overall operative interventions were 30 of 85 
(36%) in the amnioinfused group versus 47 of 85 (55%) 
in the control group (p < 0.05). The amnioinfusion 
group demonstrated less fetal distress in labor, three 
of 85 versus 19 of 85 (relative risk 0.16, 95% confidence 
interval 0.06 to 0.42), and a lower incidence of cesarean 
delivery for fetal distress, two of 85 versus 17 of 85 
(relative risk 0.118, 95% confidence interval 0.03 to 
0.49). Cesarean birth, for arrest disorders, were similar 
in the amnioinfusion group and the control group, 11 
of 83 (13%) versus eight of 68 (12%) (relative risk 0.88, 
95% confidence interval 0.38 to. 2.08) (Table IV). 

The mean birth weight of the infused and control 
groups, 3505 +336 gm and 3573 +332 gm, were not 
significantly different. No adverse effects of amnioin- 
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Table III. Amnioinfusion characteristics 






Variable 


Volume infused (ml, mean + SD) 
Proportion of patients receiving reinfusion 


*NS, Not significant. 


Nulliparous Multiparous 
All patients patients patients 


544 + 110 
13/85 (15%) 
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Significance” 
548 + 99 538 (127) NS 
10/52 (20%) 3/34 (9%) NS 


Value for ¢ test comparing means between nulliparous and multiparous patients. 


Table IV. Intrapartum operative interventions 


Infusion group | Control group 
(N = 85) (N = 85) Significance 


Operative delivery for fetal distress 


Cesarean 2 (2%) 17 (20%) p < 0.00] 

Forceps Q 1 NS 

Vaccum 1 (1%) 2 (2%) NS 
TOTAL 3 (4%) 13 (22%) p < 0.05 
Operative delivery for other indications 

Cesarean 11 (13%) .3 (9%) NS 

Forceps 9 (11%) r1 (13%) NS 

Vacuum 7 (8%) 3 (11%) NS 
TOTAL 27 (32%) 28 (33%) NS 
Total operative interventions — 

Cesarean 13 (15%) 25 (29%) p < 0.001 

Forceps 9 (11%) 1] (13%) NS 

Vacuum 8 (9%) 11 (13%) NS 
TOTAL 30 (35%) 47 (55%) p < 0.05 


NS, Not significant. 


fusion were observed. Specifically, no cases of cord pro- 
lapse, uterine hypertonus, or acute fetal distress during 
infusion were noted. The overall rate of infectious moer- 
bidity was not significantly different between the am- 
nioinfusion and control groups. Specifically, the inci- 
dence of choricamnionitis and intrapartum fever was 
similar in the amnioinfusion group and control group, 
= seven of 85 (8%) versus four of 85 (5%) (relative risk 
0.68, 95% confidence interval 0.53 to 5.76). The ac- 
currence of endoparametritis after cesarean birth was 
not significantly different between the amnioinfusion 
group and the control group, four of 13 (31%) versus 
seven of 25 (28%) relative risk 1.11, 95% confidence 
interval 0.39 to 3.08). The incidence of endoparame- 
tritis-after vaginal delivery was rot different when com- 
paring the amnioinfusion group and control group, 
four of 72 (6%) versus two o? 60 (3%), respectively 
(relative risk 1.67, 95% confidence interval 0.36 to 
&.79). 

The amnioinfusion group had a fewer neonates with 
meconium in the oropharynx, 29 of 85 versus 70 of 85 
(relative risk 0.41, 95% confidence interval 0.31 to 
0.54), and significantly fewer with meconium below the 


vocal cords, four of 85 versus 33 of 85 (relative risk - 


0.12, 95% confidence interval 0.056 to 0.26). No neo- 
nates in the amnioinfusion group had meconium as- 
piration syndrome compared with five neonates in the 
control group (relative risk 0.09, 95% confidence in- 
terval 0.09 to 0.872). All five underwent operative de- 
livery for fetal distress, four by cesarean delivery and 
one by vacuum extraction. All five infants with meco- 
nium aspiration syndrome had an umbilical artery pH 
of <7.10 and demonstrated a mixed acidosis. 

The mean (+SD) umbilical artery pH value of the 
infusion group was significantly higher than that of the 
control group, 7.27 (0.05) versus 7.22 (0.09), p = 0.002. 
The mean (+SD) umbilical arterial base deficit of the 
infusion group was significantly less than the control 
group, five (3.8) verus seven (4.8), p < 0.01. Further- 
more, the proportion of infants with an umbilical artery 
pH value <7.20 was significantly less in the amnioin- 
fusion group, seven of 85 (8%), compared with the 
control group, 31 of 85 (36%), p < 0.001. 

There were seven infants in the amnioinfusion group 
with a umbilical artery pH value <7.20. Three of these 
seven (43%) had a base deficit of =10, consistent with 
a respiratory acidosis. The remaining four (57%) in- 
fants had a base deficit of =10, consistent with a mixed 
acidosis. None of the seven infants required care in the 
neonatal intensive care unit, and all were discharged 
home after an uncomplicated postnatal course. 

There were 31 infants in the control group with an 
umbilical artery pH value <7.20. Thirteen (42%) had 
a base deficit of =10, consistent with a respiratory ac- 
idosis, and 18 (58%) had a base deficit >10, consistent 
with a mixed acidosis. 

Nineteen patients in the control group developed 
fetal distress in labor. Seventeen of the 19 were deliv- 
ered by cesarean section. The cther two were delivered 
by vacuum extraction. Twelve of 17 (71%) who un- 
derwent cesarean delivery had an umbilical artery pH 
<7.20. 

The proportion of infants with a l-minute Apgar 
score <7 was significantly less in the amnioinfusion 
group, six of 85 (7%) compared with 26 of 85 (31%) 
in the control group, p < 0.001; the proportion of in- 
fants with a 5-minute Apgar score <7 was also signif- 
icantly less, 0 of 85 compared with eight of 85 (9%) in 
the control group, p < 0.001. 
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Comment 


In this study the presence of thick meconium in labor 
was 100% specific in identifying patients with oligo- 
hydramnios. The observation of thick meconium may 
thus be associated with decreased amniotic fluid vol- 
ume, and amnioinfusion should be considered. The 
amnioinfusion technique used in our study was simple 
to accomplish, did not require special equipment, had 
no adverse effects, and was always successful. The ef- 
fect of amnioinfusion in this study was consistent with 
that described by Strong et al.,? who demonstrated a 
+ SD mean increase of 4.3 + 1.5 cm in the amniotic 
fluid index after the infusion of 250 ml of normal saline 
solution. The infusion of 500 ml of normal saline so- 
lution increased the amniotic fluid index by a mean 
- +SD of 8.2 + 2.2 cm. 

This study confirms that of Wenstrom and Parsons? 
in that amnioinfusion decreased the incidence of me- 
conium below the vocal cords of infants delivered after 
labor complicated by thick meconium. Their study did 
not show a statistically significant decrease in meconium 
aspiration syndrome, which was likely due to a small 
sample size. In our study, the occurrence of meconium 
aspiration syndrome was significantly increased in the 
control group. This relatively high incidence is prob- 
ably attributable to the selection process requiring the 
presence of both thick meconium and oligohy- 
dramnios. 

Our study with amnioinfusion improved the outcome 
of pregnancy complicated by thick meconium and ol- 
igohydramnios by reducing operative delivery for fetal 
distress. Furthermore, neonatal outcome was enhanced 
by the use of this simple intrapartum management tech- 
nique. Specifically, prophylactic use of amnioinfusion 
was associated with decreased fetal distress, a decreased 
presence of meconium below the vocal cords, and an 
absence of meconium aspiration syndrome. 

Although we have demonstrated benefits of this 
treatment m a highly selected patient group, unan- 
swered questions remain, What is the role of amnioin- 
fusion in the fetus who has FHR pattern abnormalities 
and thick meconium? In our study design we purposely 
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excluded fetuses with FHR abnormalities to better as- 
sess the single factor of thick meconium. The potential 
benefit of amnioinfusion in relieving severe variable 
decelerations is well known. Future studies should eval- 
uate the potential role of amnioinfusion wherein mul- 
tiple indications such as FHR abnormalities, thick me- 
conium presence, and oligohydramnios are encoun- 
tered. 
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Spontaneous ovarian hyperstimulation syndrome concomitant 
with spontaneous penan in a, woman with polycystic 


ovary disease 


Yaron Zalel, MD, Zvi Katz, MD, Benjamin Caspi, MD, Herzel Ben-Hur, MD, 


Rami Dgani, MD, and Vaclav Insler, MD 
‘Rehovot, Israel 


Ovarian hyperstimulation syndrome has been described aftar treatment with exogenous gonadotropins, 
clomiphene citrate, and gonadotropin-releasing hormone. Spontaneous ovarian hyperstimulation syndrome 
has not been described before, except in association with hypothyroidism. We report on a case associated 
wiih spontaneous pregnancy, occurring in a woman with polycystic ovary disease. (Am J OBsTET GYNECOL 


1992:167:122-4.) 


Key words: Spontaneous hyperstimulation, pregnancy, polycystic ovary disease 


A case of ovarian hyperstimulation syndrome in as- 
sociation with pregpang and polycystic ovary disease 
is reported. 


Case report 


A 19-year-old woman, gravida 1, para 0, was admit- 
ted to the hospital because of abdominal pain at 10 
weeks’ gestation. Her medical and gynecologic history 
was unremarkable, Menarche occurred at the age of 
14 years, and menses have subsequently been regular. 
Her last menstrual period occurred 10 weeks before 
admission. She was receiving no medication, including 
oral contraceptives. Physical examination revealed a 
lean-appearing young woman with normal blood pres- 
sure, pulse, and temperature. The abdomen was mildly 
distended with tenderness and palpable masses in both 
lower quadrants. Vaginal examination revealed a nor- 
mal cervix, a uterus enlarged to 10 weeks’ gestation, 
and ovaries on both sides enlarged 10 cm each and 
tender. A pelvic sonogram revealed an intrauterine sac 
with fetal pole and heartbeat. The Crown-rump length 
was 40 mm, corresponding to a 10 weeks’ gestation. 
The ovaries were multilobulated, measured 9 anc 10 
cm in diameter, and containec cystic structures (Fig. 
1). A significant amount of free fluid was observed in 
the pouch of Douglas. Laboratory results included hu- 
man chorionic gonadotropin levels 52,000 mIU/ml, he- 
moglobin 11.0 gm/dl, hematocrit 38.0%, follicle-stim- 
ulating hormone 3.4 mIU/ml, luteinizing hormone 300 
mIU/ml, prolactin 32 ng/ml, estradiol 5000 pg/ml, 
progesterone 48 ng/ml, testosterone 1.8 ng/ml, and 
cholesterol 194 mg/dl. Liver and kidney function test 
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results were within normal limits. Elective termination 


‘of pregnancy was undertaken the day after admission. 


Three months later, the patient was reexamined. Re- 
sults of physical examination were unremarkable. Re- 
peat ultrasonography revealed a uterus of normal size. 
Both ovaries were of normal size, 3 and 4 cm in di- 
ameter, with a typical appearance of polycystic ovary 
disease (i.e., polymicrofollicular reactions of the ova- 
ries). There was no fluid in the cul-de-sac (Fig. 2). Lab- 
oratory results in early follicular phase included human 
chorionic gonadotropin negative. Follicle-stimulating 
hormone 3.2 mIU/ml, luteinizing hormone 14.8 


‘mIU/ml, prolactin 6.7 ng/ml, estradiol 90 pg/ml, tes- 
-tosterone 0.3 ng/ml, dehydroepiandrosterone sulfate 


2.6 ng/ml, thyroxine 7.9 g/dL, triiodothyronine resin 


uptake 28%, thyroid-stimulating hormone 0.9 wU/ml 


(within normal limits). 


Comment 


We report a case of grade 2 ovarian hyperstimulation 
syndrome (by a combination of multilobulated ovarian 


_cysts, abdominal pain, and free fluid in the cul-de-sac), 


occurring spontaneously in association with a 10-week 
gestation. The patient was not treated with any drug, 
including ovulation induction. Diagnosis was further 


‘confirmed by complete resolution of the ovarian hy- 
. perstimulation, as demonstrated by clinical, ultrason- 


ographic, and laboratory data. To the best of our 
knowledge spontaneous ovarian hyperstimulation syn- 
drome has not been described before. Rotmensch and 
Scommegna' have described a case associated with hy- 


- pothyroidism and suggested a causal link between both 


conditions. We ruled out any thyroid disturbances. 
However, our patient showed both laboratory and ul- 
trasonographic characteristics of polycystic ovary dis- 
ease. The etiologic and pathophysiologic characteristics 
of ovarian hyperstimulation syndrome are poorly un- 
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Fig. 1. Transvaginal longitudinal ultrasonographic section showing both ovaries enlarged with mul- 


tiple cystic structures. 





Fig. 2. Transvaginal longitudinal ultrasonographic section showing left ovary with polymicrofol- 


licular reaction. 


derstood. Various factors, including estrogen, hista- 
mine, prostaglandins, prolactin, aldosterone, and 
(pro)renin,” have been suggested to be involved in the 
development of the condition. Others found that treat- 
ment with a preparation with a high follicle-stimulating 
hormone/ luteinizing hormone ratio causes less ovarian 
hyperstimulation, and thus ovarian hyperstimulation 
syndrome might be eliminated by reducing the dosage 


of luteinizing. Ovarian hyperstimulation syndrome is 


the result of massive luteinization of a large number of 


follicles and occurs in 1% to 5% of ovulation-induction 


treatment cycles. The incidence of hyperstimulation 
syndrome is higher in women with polycystic ovary dis- 
ease, probably because of a larger number of follicles 
ready to respond to stimulation and a higher sensitivity 
of functional ovarian elements to gonadotropic stim- 
ulation. However, clinical experience showed that one 
of the essential conditions for the development of ovar- 
ian hyperstimulation syndrome is the administration of 
a relatively high dose of human chorionic gonadotropin 
required for ovulation induction. It has been presumed 


that the presence of a functioning feedback mechanism 


Zalel et al. 


should be adequate to prevent a spontaneous lutein- 
izing hormone surge of height or duration sufficient 
for luteinizing an excessive number of follicles. Thus 
withholding of the ovulation-induang human chori- 
onic gonadotropin injection was advocated as one of 
the best means for preventing ovarian hyperstimu- 
lation. 

The case presented suggests that, at least in patients 
with polycystic ovary disease, endogenous follicle-stim- 
ulating hormone is sufficient to stimulate the devel- 
opment of an abnormally large follicular cohort, which 
may then be luteinized by a spontaneous luteinizing 
hormone surge. Endogenous human chorionic gonad- 
otropin, secreted by the trophoblast 7 to 8 days after 
fertilization, could represent an additional factor in sus- 


July 1992 
Am J Obstet Gynecol 


taining or exacerbating the ovarian hyperstimulation 
in this case. 

Although less common now, ovarian hyperstimula- 
tion syndrome still has a very serious impact on the 
patient's health and may cause severe morbidity. The 
purpose of our report is to emphasize that, although 
it is usually a complication of ovulation induction, it 
can also occur spontaneously. 
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OBJECTIVE: The purpose of this study was to determine the value of discordant morphometric 
measurements as identifiers of Down syndrome by evaluating the relationship of biparietal diameter, femur 
length, biparietal diameter/femur length ratio, and cephalic index between a group of fetuses with trisomy 


21 and a control population. 


STUDY DESIGN: Biometric measurements from 48 fetuses with trisomy were reviewed and compared 
with 107 normal fetuses of similar gestational age. Data were analyzed in 2-week gestational age intervals 
to determine the effect of gestational age on ultrasonographic detection of Down syndrome. Outcome 
measures were subject to least-squares linear regression and the t test for analysis. 

RESULTS: A positive relationship between abnormal morphometric measurements and fetuses with Down 
syndrome was detected but only during specific weeks of pregnancy. 

CONCLUSION: Although it appears that biometric measurements may be useful for Down syndrome, 
further study is needed before its widespread introduction into clinical practice. (Am J OBSTET GYNECOL 


1992:167:124-8.) 
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Antenatal identification of congenital abnormalities 
in the fetus has increased over the past decade. As a 
new generation of ultrasonographic equipment became 
available, numerous publications'’ demonstrated its in- 
creasing ability to identify dysmorphic features of the 
fetus, leading to the antenatal diagnosis of specific ge- 
netic syndromes. Recent studies have also suggested 
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20 22 24 


Menstrual Age 


Fig. 1. Scatterplot of individual BPD/femur length (FL) ratio measurements versus menstrual age 
for trisomy 21 population. Broken regression line, Patients with trisomy 21; solid line, regression line 


for control population. 


that discordant morphometric measurements may be 
useful in screening for the identification of the fetus at 
risk of trisomy 21. Reported characteristic features of 
Down syndrome include (1) brachycephaly,® (2) thick- 
ened nuchal skin folds,’ (3) hypoplasia of the middle 
phalanx with clinodactyly,® (4) shortened femur 
length,* '' (5) abnormal biparietal diameter (BPD) to 
femur length ratio,’* and (6) transverse palmar crease 
(simian).'° 

The importance of identification of these features is 
potentially significant. Although standard practice dic- 
tates the offering of prenatal chromosomal diagnostic 
procedures to patients at risk for Down syndrome, over 
80% of affected fetuses are born to women without 
historic risk factors. Maternal serum a-fetoprotein 
screening programs may help to identify 20% of these 
low-risk women, and potentially a greater percentage 
of patients will be identified with the addition of serum 
human chorionic gonadotropin'*"’ and estriol.'* '’ The 
majority of these affected fetuses, however, go unde- 
tected until birth unless procedures for cytogenetic as- 
sessment are offered and used. In an attempt to better 
identify the fetus at risk for trisomy 21, a retrospective 
study was undertaken to evaluate the relationship of 
the BPD, femur length, BPD/femur length ratio, and 
cephalic index between a large group of fetuses with 
trisomy 21 and a control population. 


Material and methods 


Patients seen either at the Prenatal Diagnostic Pro- 
gram, Women’s Hospital, Los Angeles County Univer- 
sity of Southern California Medical Center, Children’s 
Hospital of Los Angeles, or the Genetics Institute, Pas- 
adena, California, were all eligible for entrance into this 


Table I. Results of comparison between 
regression lines of each of biometric 
measurements and overall groups 


Down syndrome 
Slope Intercept vs control 


BPD p = 9.0001 p = 0.0001 Decreased Down 
syndrome 
Femur length p = 0.0001 p = 0.0001 Decreased Down 
syndrome 
Cephalic index p= 0.72 p=0.97 No difference 
BPD/femur p=0.86 p=0.60 No difference 


length ratio 


study. Medical records from patients with trisomy 21 
diagnosed by amniocentesis between July 1985 and 
June 1988 were reviewed. The ultrasonographic ex- 
aminations for each of these cases were also evaluated. 
Ultrasonographic data was obtained prospectively from 
107 patients of similar age with normal chromosomes 
to develop our control population. Gestational age was 
determined by well-established dates, i.e., dates calcu- 
lated from last menstrual periods, confirmed by early 
ultrasonographic examinations. Data from only a single 
examination were used for analysis of the affected and 
control populations. The examinations of the fetuses 
with trisomy 21 were recorded at the time of amnio- 
centesis and before chromosomal diagnosis. The ex- 
aminations were all carried out by the authors. Either 
a General Electric (Milwaukee) RT3000 or an 
ATL/ADR (Bothell, Wash.) Ultra Mark IV was used to 
make these measurements. 

Least-squares linear regression of the menstrual age 
and the ultrasonographic parameters studied was per- 
formed to determine the regression lines for slope and 
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Table II. Comparison of biometric measurements of Down syndrome group and control group stratified by 
2-week intervals 





Menstrual weeks 





15-16.9 Control 
(n = 22) 
Down syndrome 5.5 2.0 
(n = 14) 
17-18.9 Control 4.0 2.5 
(n = 50) 
Down syndrome 4.0 22 
(n = 24) 
19-20.9 Control 4.7 3.1 
(n = 22) 
Down syndrome 4.2 2.6 
(n = 8) 
21-22.9 Control 5.4 3.7 
(n = 13) 
Down syndrome 4.9 3.0 


(n = 2) 


ene i V 


intercept between the control and the population with 
Down syndrome. The two populations were further 
compared for statistical significance between the inter- 
cept and slope of the regression lines for the measure- 
ments studied. ‘To further assess the possible relation- 
ships between different gestational intervals for the de- 
tection of Down syndrome, the data were also analyzed 
stratified by 2-week intervals from 15 to 23 weeks. A 
comparison of the mean values of the ultrasonographic 
measurements between the control and study popula- 
tion was performed with the ¢ test. Statistical signifi- 
cance was noted if the p value was $0.05. 


Results 


A total of 48 fetuses with trisomy 21 were identified 
during this period of time. The slope and intercept for 
the regression lines of each of the populations is pre- 
sented in Table I, with the results of the comparison 
between the regression lines describing the popula- 
tions. Both BPD and femur length were significantly 
decreased downward, whereas the cephalic index and 
BPD/femur length ratio were not significantly different 
when evaluated with regression analysis. The individual 
data for the BPD/femur length ratio is plotted in Fig. 
| along with the mean regression lines for the normal 
and Down syndrome population for visual inspection. 

To further delineate this data in which there ap- 
peared to be a possible menstrual age effect in a more 
confined time period, the data was analyzed by 2-week 
intervals. Table II contains number, mean, standard 
deviation, and statistical significance for the four mea- 
surements of this comparison between the study and 
control populations. Between 15 and 16.9 weeks men- 
strual age no significant differences were observed 
among any of the parameters. Although the BPD was 


ara OEE a ara OEE a 
Femur | C 
Study group length 


ephalic | BPD/femur 
length 
k79 


index 





SD 





Femur Cephalic BPD/femur 
length index length 


0.78 0.21 0.23 0.04 0.15 
0.81 1.82 0.37 0.44 0.05 0.31 
0.78 1.66 0.23 0.25 0.04 0.12 
0.82 1.79 0.34 0.29 0.04 0.19 
0.77 1.54 0.24 0.26 0.03 0.11 
0.79 1.63 0.40 0.29 0.03 0.11 
0.76 1.48 0.30 0.24 0.03 0.09 
0.78 1.66 0.57 0.07 0.07 0.23 


not significantly decreased, the femur length was sig- 
nificantly smaller in the affected population by 17 and 
18.9 weeks. The cephalic index and the BPD/femur 
length ratio were significantly increased. Between 19 
and 20.9 weeks both the BPD and femur length were 
significantly smaller in the population with Down syn- 
drome, but the cephalic index and BPD/femur length 
showed no significant differences. It should be noted, 
however, that the sample size of fetuses with Down 
syndrome in this gestational age range is small, num- 
bering only 10 subjects. Between 21 and 22.9 weeks 
only the femur length in the Down syndrome group 
was significantly smaller. As in the preceding group, 
the sample size in this range is very small. 


Comment 


In contrast to the previous published reports, this 
study evaluated ultrasonographic parameters for 
screening for trisomy 21 at specific gestational ages. In 
general, the relationship was not equally distributed 
across these gestational ages. It appears that there is a 
relationship between ultrasonographic measurements 
in fetuses with Down syndrome compared with controls 
only during specific weeks in pregnancy. However, the 
difference between the mean femur lengths of the 
study and control fetuses represents only 3 mm at 17 
to 18.9 weeks gestation. Variations in femur lengths 
between the two groups from 15 to 16.9 weeks gestation 
may be more difficult to demonstrate. This may have 
contributed to the failure of finding a statistical differ- 
ence between this ultrasonographic measurement in 
the earliest group of fetuses as compared with the later 
ones. The usefulness of the relationship between bio- 
metric measurements and gestational age needs to be 
further evaluated prospectively to determine if there 
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Number | 
Significance 
Femur Cephalic BPD/femur 
BPD length index length 
p = 0.95 p = 0.93 p = 0.18 p = 0.68 
p = 0.34 p = 0.002 p = 9.0002 p = 0.006 
p = 0.0001 p = 9.0001 p = 0.23 p = 0.06 
p = 0.07 p = 0.0001 p = 0.78 p = 0.45 


is a particular gestational age that can be targeted to 
give patients who are not currently candidates for am- 
niocentesis, or if amniocentesis is indicated and the pa- 
tient has declined the procedure, an adjusted risk for 
having a fetus with trisomy 21. 

From the data in this study, it is interesting to note 
that the femur length measurement remains short be- 
yond a period previously reported by Lockwood et al.,'° 
whereas the BPD measurement is variable. Decrease in 
BPD appears to occur later in the gestational ages eval- 
uated. This may reflect selective delayed growth of the 
brain in fetuses with Down syndrome after 19 weeks. 
A decrease in growth of the head may initially be par- 
tially compensated by brachycephaly, with an increased 
cephalic index at 17 to 19 weeks. After this time the 
cephalic index was not significantly different from the 
control population, and a decrease in the BPD was 
found. These observations of the variations in head size 
and configuration in this cross-sectional study need to 
be evaluated and confirmed in a longitudinal study. 
This may be important if biometry is considered as a 
screening tool for risk for trisomy 21. 

Although the patient numbers in our study are large 
when compared with the experience of most institu- 
tions, we believe the numbers are not, as yet, sufficient 
to draw the firm conclusion that an increased 
BPD/femur length ratio is the best screening test. Be- 
cause there are a limited number of fetuses =19 weeks’ 
gestation, it is difficult to draw firm conclusions about 
the lack of statistical significance of the BPD/femur 
length ratio between the Down syndrome fetuses and 
the controls from 19 to 20.9 weeks and 21 to 22.9 weeks. 
Although some reports have suggested that the 
BPD/femur length ratio can be used,* '' '* * other 
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reports”? have disputed these findings. The data pre- 
sented suggest that there is indeed a benefit of looking 
at these ratios for the development of risk assessments 
for the patient scanned in the second trimester. 

The intriguing part of the approach to the detection 
of malformations is that the measurements required 
are the same used in all ultrasonographic examinations 
performed by knowledgeable ultrasonographers. The 
alternative approaches of selective identification of 
other structural changes seen in Down syndrome, such 
as the wide-spaced greater toe, hypoplasia of the middle 
phalanx with clinodactyly, and heart defect, are clearly 
more difficult to recognize and will be missed in a sig- 
nificant number of patients at risk, even by the more 
experienced ultrasonographers. Identification of all 
markers of Down syndrome seems almost impossible 
unless only the most experienced sonographers per- 
form all examinations, and the amount of time devoted 
to each examination is dramatically lengthened. As a 
manpower shortage already exists in ultrasonographic 
imaging, this approach would seem to preclude this 
from becoming a reality. Therefore, critical analysis of 
data readily identified becomes more important. The 
observation that the BPD/femur length ratio displayed 
abnormal trends (without significance) at most gesta- 
tional ages with significance reached at specific ages 
provides the impetus for further study. 

A further consideration of data difference between 
studies may be a result of either racial or ethnic vari- 
ation. The data presented in this paper consist of a 
truly broad-based sample. Among the three centers 
participating, the patient populations are uniquely dif- 
ferent. One group represents a mostly white, middle 
to upper socioeconomic group, whereas another center 
represents mostly a middle- to low-income group of 
patients from Anglo-American, Asian-American, and 
Mexican-American populations. We were unable to 
identify any difference in either the control or affected 
population between these groups. 

Accumulating larger data sets also seems warranted. 
The early work by Lockwood et al.'* suggested the ben- 
efit of using the method when only the BPD/femur 
length ratio is considered to be abnormal. In that study 
any measurement >1.5 SDs was considered to be ab- 
normal, whereas most other studies use >2 SDs above 
the mean as their cut-off. In a later study, these same 
authors were unable to find a relationship between an 
abnormal BPD/femur length ratio and trisomy 21 ina 
different population group. These seemingly conflict- 
ing reports further support the need for a large col- 
laborative study on the use of biometric screening for 
risk assessment for the fetus with trisomy 21. Because 
of increasing financial constraints being placed on most 
comprehensive prenatal diagnostic centers, it seems 
that either a statewide, regional, or national collective 
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effort program should be instituted to more adequately 
derive the data necessary to properly counsel patients. 

We chose to look at an interval of 3 years of study 
to reduce confounding variables of different operators 
and equipment that may affect some of the measure- 
ments. Using this approach, we are also limited by the 
current tendency to reduce gestational age discrepan- 
cies between the BPD and femur length. Clearly, if this 
study were expanded to a large, multicenter study, in- 
terinstitutional and intrainstitutional variation in mea- 
surement technique would need to be closely moni- 
tored. 

In summary, it appears that the use of biometric mea- 
surements for screening for Down syndrome appears 
intriguing. The distribution of data represented sug- 
gests that large numbers will be required before the 
widespread introduction into clinical practice. We 
therefore feel that a prospective, multicenter study of 
Down syndrome fetuses with matched controls should 
be instituted under the control of a central data coor- 
dinating center. 
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PROGRAM 


THURSDAY, SEPTEMBER 24, 1992 


7:00 A.M.: 
7:45 A.M.: 
7:55 A.M.: 


8:00 A.M.: 
8:30 A.M.: 
9:00 A.M.: 


9:30 A.M.: 
9:50 A.M.: 


10:20 A.M.: 
10:50 A.M.: 


11:20 A.M.: 
Noon 
1:00 PM.: 


1:30 PM.: 
2:00 PM.: 
2:30 PM.: 


3:00 PM.: 
3:20 PM.: 


3:50 PM.: 


4:30 PM.: 
5:00 PM.: 


Registration 

Welcome/S. Robert Kovac, M.D. 

Stephen H. Cruikshank, M.D. 

(Scientific Moderator) 

Lane J. Mercer, M.D. 

‘Antibiotic Prophylaxis for Vaginal Surgery— How Much, When” 
S. Joel Joel-Cohen, M.D. 

“General Surgical Principles as Applied to Vaginal Surgery” 
George W. Morley, M.D. 

“Vaginal Hysterectomy — How I Do It” 

Break 

Thomas G. Stovall, M.D. 

“Vaginal Hysterectomy — Tips and New Ideas to Include Outpatient Vaginal Hysterectomy” 
John H. Isaacs, M.D. 

“The Difficult Vaginal Hysterectomy” 

David S. Chapin 

“Combined Coring and Bisecting for Large Uteri” 

Question & Answer Period 

Lunch 

Bobby L. Shull, M.D. 

“Anterior Vaginal Segment — Function and Anatomy” 

David W. Warrell, M.D. 

“Combined Assessment of Pelvic Visceral Function” 

Marvin H. Terry Grody, M.D. 

“Normal Vaginal Axis — Importance of Restoration in Pelvic Support” 
Richard C. Bump, M.D. 

“Effect of Vaginal Hysterectomy on Lower Urinary Tract Function” 
Break 

Stephen H. Cruikshank, M.D. 

“Ureteral Anatomy at Vaginal Hysterectomy” 


Roundtable 

Moderators: S. Robert Kovac, M.D.—Stephen H. Cruikshank, M.D. 

“Vaginal Hysterectomy: To Close Or Not To Close Peritonewm — Transverse or Vertical 
Vaginal Cuff Closure — How to Support Vaginal Cuff” 

George W. Morley, M.D. John H. Isaacs, M.D. 

Bobby L. Shull, M.D. Thomas G. Stovall, M.D. 


Question & Answer Period 


Adjourn 
Wine and Cheese Reception/Exhibit Hall 


FRIDAY, SEPTEMBER 25, 1992 


7:30 A.M.: 
8:00 A.M.: 


8:30 A.M.: 
9:00 A.M.: 


9:30 A.M.: 
10:00 A.M.: 


10:30 A.M.: 
11:00 A.M.: 


11:30 A.M.: 
Noon 
1:00 PM.: 


1:30 PM.: 


1:35 PM.: 
2:05 PM.: 
2:35 PM.: 


3:05 PM.: 
3:20 PM.: 


3:50 PM.: 


4:20 PM.: 


5:00 PM.: 
5:30 PM.: 
7:00 PM.: 


Update/Stephen H. Cruikshank, M.D. 

John H. Isaacs, M.D. 

“Complications of Vaginal Hysterectomy and Repair” 
Bobby L. Shull, M.D. 


“Technical Aspects and Results of Paravaginal Defects — Including Vaginal Paravaginal Repair 


David S. Chapin, M.D. 

“Teaching Sacrospinous Suspension — Exposing the Ligament So All Can See” 
Break 

George W. Morley, M.D. 

“Total Colpocleisis as Treatment of Vaginal Prolapse in the Elderly” 
Marvin H. Terry Grody, M.D. 

“The Dysfunctional Postoperative Vagina” 

W. Glenn Hurt, M.D. 

“Vaginal Vault Prolapse — Treatment Options” 

Question & Answer Period 

Lunch 

S. Joel Joel-Cohen, M.D. 

“The Story of Vaginal Surgery” 

“Vaginal Surgeon's Award” 

Presented by: S. Robert Kovac, M.D. 

Presented to: S. Joel Joel-Cohen, M.D. 

S. Robert Kovac, M.D. 

“Surgical Management of Uterine Prolapse in Young Women” 

Lane J. Mercer, M.D. 

“Complications of Episiotomy” 

Harry Reich, M.D. 

“Laparoscopic Hysterectomy — Definition and Technique” 

Break 

Thomas G. Stovall, M.D. 

“Laparoscopic Assisted Vaginal Hysterectomy” 

Harty Reich, M.D. 

“Laparoscopic Hysterectomy when Vaginal Hysterectomy is Impossible“ 
Roundtable 

Moderators: S. Robert Kovac, M.D. — Stephen H. Cruikshank, M.D. 
“Laparoscopy Assisted Vaginal Hysterectomy — Laparoscopic Assisted Vaginal Hysterectomy —' 
Laparoscopic Hysterectomy: Valuable Methods — Valuable Marketing Tools” 
Harry Reich, M.D. Marvin H. Terry Grody, M.D. 
Thomas G. Stovall, M.D. 


Question & Answer Period 
Adjourn 
Social Dinner/Dance 


SATURDAY, SEPTEMBER 26, 1992 


7:30 A.M.: 
7:45 A.M.: 


8:15 A.M.: 
8:45 A.M.: 


9:15 A.M.: 
9:45 A.M.: 


10:15 A.M.: 
10:45 A.M.: 
11:15 A.M.: 


Noon 
12:30 PM.: 


Update/S. Robert Kovac, M.D. 

W. Glenn Hurt, M.D. 

“Urogynecology — Training and Practice” 

David W. Warrell, M.D. 

“Aetiology of Stress Incontinence of Urine and Surgical Management" 
Donald R. Ostergard, M.D. 

“Selection of the Appropriate Surgical Procedure” 

Break 

Richard C. Bump, M.D. 

“Role of Periurethral Bulk Injections in the Treatment of Incontinence” 
Donald R. Ostergard, M.D. 

“Why Surgery Cures or Fails” 

David W. Warrell, M.D. 

“The Management of Lower Urinary Tract Fistulae” 

Roundtable 

Moderators: S. Robert Kovac, M.D.— Stephen H. Cruikshank, M.D. 
“Urogynecology: Operative Choices for Recurrent Stress Urinary Incontinence” 
David W. Warrell, M.D. Donald R. Ostergard, M.D. 
Richard C. Bump, M.D. W. Glenn Hurt, M.D. 

Question & Answer Period 

Adjourn 


For registration or further information contact: 
PAT DANIELS 


Medical Administrator 


(314) 991-0441 


Rupture of uterine scar with extensive maternal bladder 


laceration after cocaine abuse 


Chaur-Dong Hsu, MD, MPH, Serena Chen, MD, Terry I. Feng, MD, MPH, and 


Timothy R.B. Johnson, MD 
Baltimore, Maryland 


A relationship between cocaine use and extensive rupture of a uterine scar has not been reported. We 
report such a case with extensive laceration of the maternal urinary bladder occurring after ingestion of 


cocaine. (Am J OssTeT GYNECOL 1992;167:129-30.) 


Key words: Cocaine abuse, uterine scar rupture, bladder laceration 


Cocaine abuse in women of childbearing age has dra- 
matically increased over the past years. Cocaine use and 
rupture of an unscarred uterus has recently been re- 
ported.' However, the incidence and severity of uterine 
scar rupture in cocaine users during pregnancy re- 
mains unknown. We report a case of rupture of a uter- 
ine scar with extensive laceration of the maternal uri- 
nary bladder after cocaine abuse. 
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Case report 

A 34-year-old unregistered black woman, para 4-0- 
1-4, at 3637 weeks’ gestation was fully dilated and in 
active labor. Her medical history was positive for heroin 
and cocaine abuse. She underwent a cesarean section 
in 1977 at 40 weeks’ gestation for an unknown reason. 
She had three subsequent vaginal deliveries and an 
elective abortion without complication. Shortly after 
admission the patient had a spontaneous vaginal deliv- 
ery of a 3320 gm female infant with Apgar scores of 2 
and 5 at 1 and 5 minutes, respectively. The umbilical 
cord blood gas values were as follows: pH 7.03, Po, 10 
mm Hg, and Pco, 80 mm Hg. The urine toxicology 
screen was positive for cocaine metabolites. After de- 
livery the patient complained of chest pain and diffuse 
abdominal pain. Urine output showed gross blood, and 
the abdomen was diffusely tender with some rebound 
to deep palpation. Pelvic examination revealed a 





Fig. 1. Uterine rupture: disruption of uterine wall and broad ligament hematoma (arrow). 
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slightly tender uterus. Blood gas, electrocardiogram, 
and chest radiographic examination were unremark- 
able. Ultrasonography was remarkable for a fluid col- 
lection to the left of the uterus. Computed tomographic 
scan (Fig. 1) revealed a large left pelvic hematoma dis- 
placing the uterus to the right with small air bubbles 
within it. A disruption of the wall of the lower uterine 
segment was suggestive of a uterine rupture. Because 
of the continued hematuria, a voiding cystourethro- 
gram was obtained and showed immediate intraperi- 
toneal extravasation from the bladder. The patient was 
then taken for an exploratory laparotomy. A large, left 
broad ligament hematoma, a large defect in the lower 
uterine segment, and a large defect in the bladder were 
noted. A total abdominal hysterectomy and repair of 
the large posterior bladder defect were performed. 
The patient did well postoperatively. 


Comment 


Cocaine use has been implicated in augmenting the 
contractile response of the pregnant uterus. It has been 
theorized that cocaine may block norepinephrine reup- 
take and stimulate the a-adrenergic contractility of 
uterine smooth muscle. It is possible that this response 
may increase the risk of uterine scar rupture in cocaine 
abusers during pregnancy. 

Rupture of the low transverse uterine scar is reported 
in 0% to 2.3% of planned trials of labor. However, the 
incidence of rupture of a uterine scar with extensive 
maternal bladder laceration is unknown. Jones et al. 
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have reported eight cases of rupture of a low transverse 
uterine scar during a trial of labor. Three cases of ma- 
ternal bladder lacerations were noted. However, seven 
of eight patients received either oxytocin for induction 
or augmentation or prostaglandin E, for cervical rip- 
ening. One patient had a history of three cesarean sec- 
tions. These factors may explain a higher incidence of 
maternal bladder lacerations. Our patient did not re- 
ceive prostaglandin E, or oxytocin during labor and 
delivery. Rupture of the uterine scar and the extensive 
maternal bladder laceration were closely related to re- 
cent cocaine abuse. 

In view of increased rates of cocaine abuse during 
pregnancy and trials of labor and vaginal birth in recent 
years, the incidence and severity of rupture of uterine 
scars and further complications such as extensive ma- 
ternal bladder laceration among recent cocaine abusers 
with uterine scars may also increase. Whether routine 
screening of cocaine abuse before a trial of labor, or 
other precautions, should be taken in women with co- 
caine abuse remains to be determined. 
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Comparison of the efficacy of different local anesthetics and 
techniques of local anesthesia in therapeutic abortions 


Ellen R. Wiebe, MD 
Vancouver, British Columbia, Canada 


OBJECTIVES: The objectives of this study were to determine whether carbonated or plain lidocaine 
provides better pain control during abortions and to determine whether deep injections of lidocaine provide 


better pain control than regular injections of lidocaine. 


STUDY DESIGN: Phase 1 was a prospective, randomized, double-blind trial comparing 10 cm? of 2% 
carbonated lidocaine with plain lidocaine. In phase 2 the plain lidocaine group in phase 1 was compared 
prospectively with the next group of patients, in whom a new technique of deep injection was used. A pain 
scale was administered by the counselor after dilatation and at the end of the procedure. 

RESULTS: The improvement in pain scores with carbonated lidocaine was 8%. The improvement with the 


deep injection technique was 25%. 


CONCLUSION: The improvement in pain scores with deep injection was clinically significant and is 


recommended. (Am J OssteT GYNECOL 1992;167:131-4.)} 


Key words: Local anesthesia, therapeutic abortion, pain control 


Staff working at freestanding abortion clinics are 
very aware of the need for better pain contro] during 
therapeutic abortions. General anesthesia is not an op- 
tion for most procedures because it increases cost, mor- 
bidity, and mortality. * A review of the literature re- 
vealed no studies of the efficacy of pain managment 
with various types of local anesthesia or techniques used 
during therapeutic abortions and very few studies 
about the pain of therapeutic abortions.* ° Before my 
study, one of our three clinic physicians used carbon- 
ated lidocaine and the other two used plain lidocaine. 
All used a technique of paracervical block involving 
three to six injections approximately % inch deep. In 
the first phase carbonated lidocaine was compared with 
plain lidocaine in a prospective, double-blind manner 
with pain scales administered after dilatation and after 
suctioning. The hypothesis was that carbonated lido- 
caine would work better than plain because it is rapidly 
absorbed and that the difference would be greatest in 
the dilatation phase. In September 1990 Stubble- 
field? * described his technique of deep injections 
originally described by Glick,° and two of our three 
clinic physicians decided to change to this technique. 
Stubblefield used 20 cm” 1% lidocaine instead of 10 cm’ 
2% lidocaine, another change that was also made. The 
pain scales of the plain lidocaine group of phase 1 of 
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the study were compared with those of the two phy- 
sicians using the new technique in phase 2. The hy- 
pothesis was that the deep injection technique would 
provide better pain control than the regular tech- 
nique and that the difference would be greatest for 
dilatation. 


Material and methods 


My study was conducted at a freestanding abortion 
clinic. Approval for the study was obtained from the 
ethics committee of the University of British Columbia. 
All patients at the clinic were invited to participate; only 
those unable to understand the consent form or un- 
willing to sign were excluded. The three clinic physi- 
cians each had at least 10 years’ experience in perform- 
ing abortions. Patients who requested sedation received 
1 mg of lorazepam sublingually 30 minutes before the 
procedure. In phase 1, 10 cm’ 2% carbonated lidocaine 
was compared with 10 cm? 2% plain lidocaine. Both 
had 2 mg atropine/50 cmê added and were adminis- 
tered in three to six sites approximately ¥e—inch deep. 
The nurses prepared and labeled the syringes of li- 
docaine so that neither the physician, the patient, nor 
the counselor knew which local anesthetic had been 
used. The counselor administered the pain scale at the 
end of dilatation and at the end of the procedure by 
saying, “On a scale of 0 to 10, where 0 is no pain and 
10 is the worst pain you can imagine, what was that like 
for you?” and recording the patient’s answer on a coded 
form. In phase 2 the physicians changed techniques’ 
from injecting 10 cm? 2% lidocaine (with 2 mg atro- 
pine/50 ml) in three to six sites (i.e., 12, 3, and 6 or 
12, 2, 4, 6, 8, and 10 o’clock positions) approximately 
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A. Regular 
Injection 
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B. Deep 
Injection 


Fig. 1. Position of injections. 


Table I. Comparison of pain scales: Phase 1 
Pain scale 2 


Pain scale I 
(mean + SD) (mean + SD} 


Plain lidocaine 52+03 6.2 + 0.3 
(n = 81) 
Carbonated lidocaine 44+ 0.3 5.8 + 0.3. 
(n = 86) l 
p = 0.036 p = 0.37 


Table II. Comparison of pain scales: Phase 2 


Pain scale 1 
(mean + SD) 









Pain scale 2 


Plain lidocaine (mean + SD) — 





Deep injection 2.8 Ł 0.3 Py aot ee 
(n = 82) 
egular injection 5.2 + 0.3 6.2 + 0.3 
(n = 81) 
p = 0.0001 p = 0.018 


Ye—inch deep at the reflection of the vagina off 
the cervix (Fig. 1, A) to injecting 20 cm” 1% lidocaine 


‘(with 1 mg atropine/50 ml) in the following manner-, 


1 cm? was injected in each of six sites (12, 2, 4, 6, 8, 
and 10 o’clock) superficially to blanch the mucous 
membrane, then 3 to 4 cm? was injected 1 to 1.5 inches 
deep, that is, into the lower uterine muscle in four sites 
at 4, 6, 8, and 10 o’clock. The syr:nges were placed in 
the deep position and aspirated for blood; then a bolus 


injection was given (Fig. 1, B). Needle extenders were . 


used. One physician used 1-inch, 25-gauge needles, and 
the other used 14-inch, 25-gauge needles. There was 


Table III. Phase | 


Plain lidocaine | Carbonated lidocaine 


Lorazepam 
Yes 45 44 
No H 16 
Mean preoperative 3.0 3.0 
anxiety score ; 
Mean maternal 25.8 27.5 
age (yr) l 
Mean gestational 8.7 Ms 
age (wk) 


Table IV. Mean pain scale by 
different physicians 










Phase 2 


Physician | Pain Pain 
No. scale .| Mean | No. | scale | Mean 
l l 5.24 105 l 2.72 54 
2 5.91 2 5.72 
2 i 4.19 5] 1 S21 24 
2 6.47 2 Bild 
3 J 3.41 1] 
2 4.68 


no delay between the injections and the start of the 
procedure. Preoperative anxiety was assessed by the 
counselor in her initial interview and rated as low,! 
moderate,” or high.* Pain scales were compared with 
two-sample ¢ tests of means. Two-sample ¢ tests and 
x? tests were also used to compare study groups on the 
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Table V. Effect of lorazepam on pain scales in 
phase l 







Carbonated 


Plain lidocaine lidocaine 
Pain Pain 
scale Mean scale 






Premedication 

Lorazepam l 5:19 l 4.76 
2 6.26 2 5.78 

None ] 5.82 l 3.47 
2 6.39 2 5.19 


basis of other subject variables, including maternal age 
and gestational age. 


Results 


The pain scales with carbonated lidocaine were sig- 
nificantly lower than the ones with plain lidocaine 
(p = 0.036), but this difference was only 8% (Table I). 
The pain scales with the deep injections were 25% lower 
_ than the scales with the superficial injections 
(p = 0.0001) (Table I1). There were no significant dif- 
ferences between the patients who received carbonated 
lidocaine and the patients who received plain lidocaine 
in terms of maternal age, gestational age, preoperative 
anxiety, previous abortions, or whether the patients 
took lorazepam preoperatively (Table III). There was 
no significant difference between the pain scales of the 
patients seen by the three different doctors (Table IV) 
or by the patients who had taken lorazepam compared 
with the ones who had not (Table V). There was no 
significant difference between the patients in phase 2 
and phase 1 in terms of gestational age, maternal age, 
preoperative anxiety, or lorazepam use (Table VI). 
There was no difference between the pain scales of the 
patients of the two physicians in phase 2 (Table IV). 


Comment 


The improvement in pain scales with carbonated li- 
docaine in phase 1, although statistically significant, is 
probably not clinically significant or worth the extra 
cost. The difference with the deep injection is a big 
improvement clinically and has greatly enhanced pain 
control. There were no complications of deep injections 
(such as internal hemorrhage or laceration) during the 
study period or in the hundreds of procedures done 
at the clinic with that technique since the study’s com- 
pletion. Glick? and Stubblefield” * have performed 
thousands of procedures using this technique without 
‘incident. 

Pain is a difficult parameter to measure, which may 
account for the Jack of previous studies on the pain of 
abortion procedures or the efficacy of the various local 
anesthesias and techniques used. Studies on quantifi- 
cation of abortion pain,’ topical anesthesia for gyne- 
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Table VI. Phase ? 


Regular Deep 
injection injection 


Lorazepam ` 
Yes 45 65 
No 14 14 

Mean preoperative 3.0 3.0 
anxiety score 

Mean maternal 25.8 26.7 
age (yr) 

Mean gestational 8.7 8.5 
age (wk) 


cologic procedures,” and counseling techniques for 
therapeutic abortions" also used pain,scales to measure 
outcome. Efficacy of techniques is very difficult to 
evaluate because it is impossible to double-blind and 
almost impossible to randomize. In my study the con- 
ditions in phases 1 and 2 were very similar but not 
identical. There was no significant difference in the 
patients’ maternal or gestational age. It is unlikely that 
the physicians improved other aspects of their tech- 
niques because they were all experienced physicians. 
There were no changes in the support staff’s protocol 
or in the physical plant, but it is possible that unrec- 
ognized ‘changes occurred other than the one mea- 
sured. Phase 1 had 10 cm’ 2% lidocaine and phase 2 
had 20 cm’ 1% lidocaine; it ts possible that this dilution 
of the anesthetic, rather than just the position of the 
injection, produced some of the improvement. The 
magnitude of the difference in pain scales lends validity 
to the results; it was immediately obvious to the phy- 
sicians and support staff that deep injection was a better 
technique. Further research should determine whether 
the benefit was from the depth of injection or the di- 
lution of anesthetic. 


We thank Dr. Lucy Lemieux, Dr. Erle Mitchell, and 
Christine Tang for assisting with the study, and Dr. 
Jonathan Berkowitz at the Department of Family Med- 
icine of University of British Columbia for providing 
statistical evaluation. 
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Simultaneous ovarian and intrauterine pregnancy: Case report 


Anna Bernabei, MD, Giuseppe Morgante, MD, Massimo Mazzini, MD, ` 
Elisabetta Guerrini, MD, Antonio Fava, MD, and Secondo Danero, MD 


Siena, Italy 


The simultaneous presence of an overian and a normal intrauterine pregnancy is a very rare condition. We 
report such a case seen as an ovarian cyst during gestation. It was immediately and successfully treated, 
thus allowing for the normal physiologic continuation of the gestation. (AM J OBSTET GYNECOL 


1992;167:134-5.) 


Key words: Ovarian pregnancy, twin pregnancy, ovarian cyst during gestation 


We describe a case of simultaneous ovarian and in- 
trauterine pregnancy. 


Case report 


A 25-year-old woman, para 0, gravida 1, was hos- 
pitalized in our department for an ovarian cyst diag- 
nosed by ultrasonography. The patient was at 9 weeks 
of gestation, completely asymptomatic. She reported 
menarche at the age of 14, normal and regular cycles, 
no allergies, and an appendectomy at age 16. l 

The gynecologic examination revealed a- gravid 
uterus corresponding to the period of amenorrhea and 
an orange-sized, mobile mass, localized in the pouch of 
Douglas. The transabdominal ultrasonographic ex- 
amination confirmed the presence of a viable intra- 
uterine pregnancy anda 101 x 72mm ovoid mass with 
sharp borders in direct contact with the uterine fundus. 
The inner echo structure was finely granular, hypo- 
echogenic, and characterized by a 10 mm well-defined, 
small, solid part at the bottom. The ultrasonographic 
image displayed no characteristics of a cystic gravid 
corpus luteum. 

Other routine examinations were performed (i.e., 
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blood and urine examinations, electrocardiogram, Pa- 
panicolaou test, colposcopy, and vaginal bacteriologic 
examination). All results were within normal limits. 
The patient was pretreated with one intramuscular in- 
jection per day of progesterone for 3 days before 
surgery. 

The woman then underwent laparotomy, with a 
Pfannenstiel incision, under general anesthesia. At the 
opening of the abdomen a cystic mass was found in the 
left pelvis. It was tightly adherent and regular, with a 
smooth surface. Brownish cystic fluid was aspirated. 
The cyst was then removed, and a peritoneal washing 
was performed before suture of the abdominal wall. 

The postsurgical period was normal, and the ultra- 
sonographic examinations showed a physiologic pro- 
gression of the intrauterine gestation. Histologic ex- 
amination of the cyst showed an ovarian pregnancy. 

The patient was discharged 7 dzys after the operation 
in good condition. She had a normal gestation until 
term. A healthy 3.2 kg male babv was delivered spon- 
taneously after a normal labor. 


Comment 


The incidence of extrauterine pregnancy is one in 
200 gestations. The incidence of ovarian pregnancy is 
one in 34 extrauterine gestations and one in 7000 nor- 
mal gestations. 

The causes of an ovarian implantation are obscure. 
Numerous hypotheses have been formulated: a delay 
in the release of the ovum, a thickening of the tunica 


Volume 167 
Number 1 


albuginea, a tubal malfunction, or an intrauterine con- 
traceptive device. Pelvic inflammatory disease, which is 
often involved in the genesis of a tubal pregnar-cy, does 
not seem to be important in the ovarian implantation 
of the ovum.! Ovarian gestation is a rare cond-tion per 
se, which becomes even less frequent when én intra- 
uterine pregnancy develops. | 

However, if this unlikely event occurs, we can prob- 
ably think of a double ovulation with a doutle fertil- 
ization (biovular or bizygotic pregnancy). One embryo 
can regularly implant in the endometrium, and the 
other one can abnormally implant in ectopic tissue out- 
side the uterus. The differential diagnosis ircludes a 
dermoid cyst, a serous or pseudomucinous cystoma; 
sometimes a pedunculated myoma or a uterine cornua, 
and less frequently a malignant tumor.’ Altkough ul- 
trasonography can be of some help in the ciagnosis, 
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the surgery and the following histologic examination 
constitute the decisive diagnostic tools. 

Surgery is important not only for diagnostic purposes 
but also as a therapeutic tool. An‘adnexal mass during 
gestation must be removed because it can easily rupture 
or'twist or be seen as an intracystic hemorrhage. This, 
in turn, may cause the obstetrician to suspect an “acute 
abdomen,” thereby jeopardizing the intrauterine preg- 
nancy. 
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Antibodies to Chlamydia trachomatis in sera of y women with 


recurrent i sauiammaiiiad abortions 


Steven S. Witkin, PhD, and William J. Ledger, MD 
New York, New York 


OBJECTIVE: The relationship between high-titer immunoglobulin G antibodies to Chlamydia trachomatis - 


and recurrent spontaneous abortions was evaluated. 


STUDY DESIGN: Sera from the female partners o° 258 couples with unexplained infertility, no history of 
chlamydial infection, and negative cervical cultures were diluted 1:128 and tested for immunoglobulin G 
antibodies to Chlamydia trachomatis. A subset of patients was also tested for antibodies to 
cytomegalovirus, cardiolipin, nuclear antigens, lactoferrin, and spermatozoa. 

RESULTS: Seven (41%) of 17 women with three abortions and 6 (60%) of 10 women with four abortions 
had chlamydial antibodies as opposed to 20 (13.5%) of 148 with no abortions, 6 (12.8%) of 47 with one 
abortion, and 4 (12.1%) of 33 with two abortions (2 < 0.01). The incidence of =3 spontaneous abortions 
was 31.8% among women with high-titer chlamydial antibodies and’ 7.5% among women who had 
seronegative results (p < 0.001). There was no relation between any of the other antibodies and =3 


abortions or antibodies to Chlamydia trachomatis. 


CONCLUSION: High-titer immunoglobulin G antikody to Chlamydia trachomatis was associated with 

recurrent spontaneous abortions. The mechanism may involve reactivation of a jatent chlamydial infection, 

endometrial damage from a past chlamydial infecion, or an immune response to an epitope shared by a 
chlamydial and a fetal antigen. (AM J OBsTET GYN=cCOL 1992;167:135-9.) 
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Chlamydia trachomatis infections of the female urethra 


and cervix are often asymptomatic and therefore un- 


detected. The organism can evade host immune de- 
fense mechanisms, persist for long periods of time,’ 
and ascend to the uterus and fallopian tubes in the 
absence of clinical symptoms. The sequelae of chronic 
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Table I. Spontaneous abortions and IgG 
antibodies to C. trachomatis in female partners 
of infertile couples 







Patients wtih 













, antichlamydia IgG 
No. of No. of 
abortions patients 


0 148 20 13.5 
at 47 6 12.8 
Pr 33 4 12.1 
3 17 7 41.1* 
4 10 6 60.07 
>4 3 l 53:3 


Sera from 258 women were tested for IgG antibodies to 
C. trachomatis—infected cells. 


*p = 0.01, 
tp = 0.006. 


silent chlamydial infections, an increased incidence of 
tubal infertility, and ectopic pregnancy have been well 
documented.’ 

The possible influences of a C. trachomatis infection 
on pregnancy outcome are less clear and have recen:ly 
been reviewed.’ An association between a cervical ch.a- 
mydial infection and preterm labor, premature rupture 
of membranes, or low birth weight have been observed 
in many, but not in all, investigations. — 

Most of those studies dealt with women whose chla- 
mydial infections were diagnosed during the second or 
third trimester of pregnancy. Effects of C. trachomatis 
on the early stages of pregnancy, that is, on the occur- 
rence of first-trimester spontaneous abortions, have 
been infrequently investigated. Quinn et al.* reported 
an increased prevalence of immunoglobulin (Ig) G aa- 
tibodies to C. trachomatis in women with recurrent spon- 
taneous abortions as compared with fertile controls. 
The inability of Quinn et al. to detect C. trachomatis from 
the male and female partners by culture prompted 
their conclusion that a current chlamydial infection was 
probably not the direct cause of the abortions. A similar 
possibility was advanced by Rowland et al. in their 
study of women undergoing in vitro fertilization (IVF). 
They observed that women with IgG antibodies to 
C. trachomatis who lacked IgM antibodies or positive 
Chlamydia cultures had poorer outcomes after embryo 
transfer than women who had seronegative results. A 
subsequent analysis of IVF patients refuted these 
findings®; however, more recent studies have confirmed 
and extended the original observations.”* Only in those 
IVF patients whose IgG Chlamydia antibody titer was 
21:128 was there a significantly increased prevalence 
of spontaneous abortion after embryo transfer. 

To further examine the possible relationship between 
an undetected asymptomatic chlamydial infection and 
early-stage pregnancy loss, we tested for IgG antibodies 
to C. trachomatis in the female partners of 258 infertile 
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couples and 92 women of proven fertility, all with no 
history or clinical evidence of cLlamydial infection. Our 
results confirm an association between prior undetected 
exposure to C. trachomatis and increased incidence of 
recurrent spontaneous abortions. 


Material and methods 


Subjects. Sera were obtained from the female part- 
ners of 258 infertile couples whose cervical cultures 
were negative for C. trachomatis, had no self-reported 
history of chlamydial infection or pelvic inflammatory 
disease, and whose tubes appeared to be patent by hys- 
terosalpingography. Sera from 92 women of proven 
fertility who met these exclusion criteria were also an- 
alyzed. A history of infections and pregnancy outcomes 
was obtained from a questionnaire and an interview. 

Antibodies to C. trachomatis. Sera were diluted 
1: 128 in phosphate-buffered saine solution and tested 
for IgG antibodies to C. trachomatis by a commercial 
assay (ICN Biomedicals, Inc., Costa Mesa, Calif.). In 
brief, the diluted sera were incubated on slides con- 
taining fixed McCoy’s cells that had been infected with 
C. trachomatis strain L2. After 45 minutes at 37° C the 
slides were washed, dried, and incubated with horse- 
radish peroxidase—conjugated rabbit antibody to hu- 
man IgG. After a second 45-minute incubation the 
slides were washed, dried, and incubated with a chrom- 
ogen-substrate solution. After 15 minutes the slides 
were again washed, dried, covered with a coverslip, and 
examined microscopically under 10 x 20 magnifica- 
tion. For each sample the entire slide was examined, 
the presence of IgG antibody tc C. trachomatis was in- 
dicated by the observation of dark blue cytoplasmic 
inclusions. At least 5% of the cells were positive in the 
presence of a specific antibody, and a clear distinction 
between positive and negative sera was easily made. In 
addition, positive and negative control sera were tested 
on each slide. 

Analysis for other antibodies. Sera were tested for 
IgG, IgA, and IgM antibodies to spermatozoa by in- 
direct Immunobead binding assay.” IgG antibodies to 
cytomegalovirus were detected by a commerical en- 
zyme-linked immunoassay (Sigma, St. Louis). IgG an- 
tinuclear antibody was detected by a commercial indi- 
rect immunofluorescence assay with the HEp-2 human 
cell line fixed to slides (Sigma). IgG and IgM antibodies 
to cardiolipin and to lactoferrin were detected by en- 
zyme-linked immunoassay, following the procedure of 
Cowchock et al.” with isotype-specific alkaline phos- 
phatase—conjugated goat antibodies to human IgG and 
IgM (Kirkegaard and Perry, Gaithersburg, Md.). Pos- 
itive and negative controls were always assayed in par- 
allel to the test samples. 

Statistics. Differences in the occurrence of chlamyd- 
ial antibodies between women with various pregnancy 
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Table II. Relation between IgG antibodies to 
C. trachomatis and other antibodies in sera of 
female partners of infertile couples 









Antibody 





No. positive 
Chlamydiz-antibody 
positive l 

Cardiolipin (IgG) 
Cardiolipin (IgM) 
Cytomegalovirus (IgG) l 
Nuclear (IgG) l 
Lactoferrin (IgG) 
Lactoferrin (IgM) 
Spermatozoa (IgG) 
Spermatozoa (IgA) 
Spermatozoa (IgM) 


1 
5 
0 
5 
2 
4 
6 
2 
7 


ONONO 


Sera from 44 women who had seropositive and 44 women 
who had seronegative test results for chlamydial IgG were 
tested for other antibodies by enzyme-linked immunosorbent 
assay (cardiolipin, cytomegalovirus, lactoferrin), immunoflu- 
orescence (nuclear) and immunobead binding (spermatozoa). 


histories were evaluated for significance by the x? test 
with the Yates’ correction factor. 


Results 


Antibodies to C. trachomatis in relation to history 
of spontaneous abortions. Sera were tested for anti- 
bodies to C. trachomatts—infected cells at a dilution of 
1:128. This high titer was chosen to enhance the spec- 
ificity of the analysis and to focus our attention on those 
women with vigorous immune responses to C. tracho- 
matis. Previous findings indicated that a C. -rachomatis 
antibody titer =1:128 successfully identified women 
with an increased incidence of spontaneous abortion.’ 
We realize that some women with low-titer IgG anti- 
bodies would have remained undetected. Our results, 
therefore, probably underestimate the incidence of 
chlamydial antibodies in the populations studied. The 
use of Chlamydia-infected cells allows the detection of 
antibodies to a wider range of antigens thar. would be 
possible in an analysis with only purified elementary 
bodies. With the present assay immune responses to 
antigens present on reticulate bodies and elementary 
bodies and antigens produced by mammal an cells in 
response to a chlamydial infection can all be evaluated. 
The assay in its present form does not d-scriminate 
between chlamydial antigens and infection-induced 
host antigens. This may be an important consideration 
because a stress-induced mammalian protein can cross 
react with a chlamydial antibody (see Comment). 

In our fertile controls 9 (9.8%) of 92 women had IgG 
antichlamydial antibodies in their sera. Among the 258 
patients, 44 (17.1%) had seropositive results. This 
difference between the two groups was significant 
(p < 0.05). Further analysis revealed, howe~er, that the 
prevalence of chlamydial antibodies in patients with no 
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Table III. Relation between frequency of 
spontaneous abortion and maternal age 


No. of No. of 
abortions patients Mean age + SD 
0 148 35.0 + 4.6 
l 47 36.7 + 5.0 
2 32 37.0 + 5.2 
3 17 36.5 + 4.2 
4 10 36.6 + 5.4 


history of spontaneous abortions (20 13.5% of 148) or 
with one (6 12.8% of 47) or two (4 12.1% of 33) prior 
abortions did not differ from the controls (Table I). 
Significant increases over the control group in the oc- 
currence of chlamydial IgG antibodies were only ob- 
served in women with histories of three (p = 0.01) or 
four (p = 0.006) spontaneous abortions. Seven (41.1%) 
of 17 women with 3 abortions and 6 (60%) of 10 women 
with four abortions had seropositive results. 

There was a greater than fourfold increase 
(p < 0.001) in the incidence of >3 spontaneous abor- 
tions in the 44 (31.8%) women with high-titer chla- 
mydial antibody as opposed to the 214 (7.5%) sero- 
negative women. 

Relation between antibodies to C. trachomatis and 
other antibodies. The increased prevalence of IgG an- 
tibodies to C. trachomatis could have been a consequence 
of a nonspecific polyclonal activation of B lymphocytes 
caused by a viral infection’! or an autoimmune process. 
Autoantibodies to cardiolipin have been associated with 
recurrent abortions. '® '? The relation between IgG an- 
tibodies to C. trachomatis and antibodies to cytomega- 
lovirus, cardiolipin, and nuclear antigens and to lac- 
toferrin and spermatozoa was examined in a subset of 
patients (Table II). The prevalence of any of these an- 
tibodies was similar in sera from 44 women who had 
seropositive and 44 women who had seronegative test 
results for chlamydial antibodies. In addition, with the 
exception of chlamydial antibodies there was no rela- 
tionship between any of the antibodies tested and =3 
spontaneous abortions. 

Relation between maternal age and spontaneous 
abortions. The incidence of spontaneous abortion may 
also be related to maternal age; however, in our study 
no relation between these two variables was noted 
(Table III). 


Comment 


Among the female partners of 258 infertile couples 
and the 92 fertile women with no history or clinical 
indications of exposure to C. trachomatis, IgG antibody 
reactive with C. trachomatis—infected cells was detected 
in 17.1% and 9.8% of patients and controls, respec- 
tively. These findings again highlight the high preva- 
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lence of asymptomatic chlamydial infections in females. 
In addition, in confirmation of previous studies those 
women with histories of three or four spontaneous 
abortions had the highest prevalence of IgG antibodies 
to C. trachomatis. ‘These observations lead to the con- 
clusion that a chronic silent chlamydial infection may 
increase susceptibility to first-trimester pregnancy loss, 
at least in those women with evidence of a vigorous 
immune response to this organism. 

The mechanism whereby a chlamydial infection ad- 
versely affects early-stage pregnancy remains to be de- 
termined. The continued absence of positive chlamyd- 
ia] cervical cultures in any of our subjects or in their 
male partners, coupled with similar negative culture 
findings in the subjects of previous studies,” ** suggests 
that it is highly unlikely that viable C, trachomatis is pres- 
ent in the majority of subjects whose test results for 
IgG are seropositive. Our inability to detect IgM anti- 
body to C. trachomatis in the subjects whose test results 
for IgG are positive (unpublished observations) further 
suggests the absence of an ongoing active chlamydial 
infection. We cannot exclude the possibility, however, 
that a nonproductive chlamydial infection, such as has 
been observed in patients with trachoma,” can still be 
present and can induce a deleterious inflammatory re- 
sponse in the endometrium. Immune system activation 
and cytokine production in response to chlamydial an- 
tigens may interfere with embryo implantation or reg- 
ulatory mechanisms that protect the fetus from attack 
by the maternal immune system. 

Alternatively, a past chlamydial infection that has 
subsequently been cleared may have damaged the en- 
dometrium sufficiently that successful embryo implan- 
tation becomes less likely. There is little evidence to 
support or refute this possibility. 

Another attractive but as yet unproven mechanism 
involves the induction of an autoimmune response as 
a result of long-term exposure to C. trachomatis antigens. 
Morrison et al.“ have demonstrated that a single chla- 
mydial antigen, a 57 kd protein, was responsible for 
the induction of a hypersensitive immune response in 
guinea pigs who were previously sensitized to C. tra- 
chomatis."* Furthermore, this protein was shown to be 
a member of the 60 kd family of heat-shock proteins.” 
Analogous heat-shock proteins zre also present in 
mammalian cells; their production is markedly in- 
creased under conditions of stress such as elevated tem- 
perature or immune system activation.’ A member of 
this protein family exists in man and shares consider- 
able sequence homology with the chlamydial 57 kd pro- 
tein." The 60 kd heat-shock protein is also one of the 
first proteins produced by the developing embryo.’ 
Therefore sensitization of T lymphocytes to the chla- 
mydial heat-shock protein may result in the generation 
of lymphocytes that can also react with the analogous 
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human heat-shock protein that can be expressed by the 
embryo or maternal cells in the pregnant uterus. The 
resultant immune system activation might directly de- 
stroy the embryo or interfere with immune regulatory 
mechanisms. The detection of cytotoxic T cells specific 
for epitopes of a mycobacterial heat-shock protein that 
were also present in the human heat-shock protein and 
which could lyse human cells expressing the human 
heat-shock protein has been reported.'? The presence 
of antibodies to the chlamydial 57 kd heat-shock pro- 
tein in patients’ sera and expression of the heat-shock 
protein in infected McCoy’s cells is currently under 
investigation. IgG antibodies reactive with the chla- 
mydial 57 kd heat-shock protein have been detected in 
some women with Chlamydia-associated salpingitis and 
ectopic pregnancy.” 

Alternatively, a fetal component that shares an epi- 
tope with C. trachomatis might have been the eliciting 
antigen. If true, these women might never have had 
chlamydial infections, and chlamydial antibodies could 
merely be a surrogate marker for the presence of an 
antifetal antibody. 

Continued testing for high-titer Chlamydia IgG an- 
tibody will lead to improved identification and char- 
acterization of this subgroup of women whose recur- 
rent abortions or infertility is currently unexplained. 
We hope that further analysis of zhese women will clar- 
ify the mechanism for their inability to maintain a preg- 
nancy and lead to the development of methods to over- 
come this problem. 
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Randomized, double-blind study of cefotetan and cefoxitin in 
post—cesarean section endometritis 


Rob Roy MacGregor, MD,* Amy L. Graziani, PharmD,” and Philip Samuels, MD* 


Philadelphia, Pennsylvania 


OBJECTIVE: The hypothesis of the study is tha: cefotetan and cefoxitin will be equally efficacious and 


safe in the treatment of post~cesarean section endometritis. 


STUDY DESIGN: in a double-blind, randomized manner 140 patients with post—cesarean section 
endometritis were treated with cefotetan, 2 gm intravenously every 12 hours, or cefoxitin, 2 gm 
intravenously every 6 hours. They were followec prospectively for clinical response and side effects. Cure 


rates between the two groups were compared with the x” test. 


RESULTS: The cure rates were 83% for cefotean and 79% for cefoxitin {p = 0.56). No patient required a 
change in therapy due to adverse effects, and ro abnormal bleeding occurred. 

CONCLUSION: In this study cefotetan and cefcxitin appeared equally effective in treating endometritis 
with no difference in side effects or complications. (AM J OBsTET GYNECOL 1992;167:139-43.) 


Key words: Endometritis, cefotetan, cefo <itin 


Postpartum endometritis is generally treated with 
broad-spectrum antibiotics possessing activity against 
aerobic and anaerobic gram-positive anc gram-nega- 
tive organisms. Cefotetan and cefoxitin are two such 
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antibiotics. Cefoxitin is administered every 6 hours and 
has activity against Bacteroides fragilis subspecies fragilis 
and the other B. fragilis subspecies. Cefotetan is ad- 
ministered every 12 hours and, compared with cefox- 
itin, has increased activity against gram-negative aero- 
bic bacteria but less activity against the nonfragilis 
B. fragilis subspecies (i.e., B. ovatus, B. distasonis, and 
B. thetaiotaomicron).' The cefotetan molecule, unlike ce- 
foxitin, contains the methylthiotetrazole group, which 
has been associated with hypoprothrombinemia during 
therapy with cefoperazone, cefamandole, cefmetazole, 
and moxalactam.’? 
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Table I. Outcome of therapy 


Cefotetan 
(n = 70) 









Cefoxitin 
(a = 70) 


Significance 
Evaluable patients 66 63 NS 
Cure 55 (83%) 50 (79%)* NS 
Failure 10 (15.1%)t 12 (19%) NS 
Relapse 1 (1.5%) 1 (1.6%) NS 


Days of therapy 
(mean + SD) 
Hours to defer- 
vescence 
(mean + SD) 
Length of stay 
idays, 
mean + SD) 


3.4 +12 32+ 08 NS 
29.4 + 18 27.1 + 21.3 NS 


42424 4.3 + 2.5 NS 


NS, Not significant (p > 0.05). 
*Includes two minor wound infections. 


tIncludes one wound infection requiring a change in 
therapy. 


Because of its favorable in vitro activity, prolonged 
half-life, and lower cost, cefotetan has replaced cefox- 
itin in some hospitals for the treatment of pelvic infec- 
tions. However, no blinded, randomized study com- 
paring the efficacy of the two drugs has yet been re- 
ported.** Therefore we conducted such a study in 140 
consecutive women with post—cesarean section endo- 
metritis. 


Methods 


One hundred forty women whe had recently un- 
dergone cesarean section were enrolled in this random- 
ized, double-blinded study. The protocol and consent 
form were reviewed and approved by the Committee 
Involving Research on Human Beings at the University 
of Pennsylvania. The standard regimen prescribed for 
surgical prophylaxis was cefazolin, 1 gm intravenously 
at cord clamping and then every 8 hours for two more 
doses, or cefonicid, 1 gm intravenously at cord clamp- 
ing. Patients with a history of mitral valve prolapse 
received 2 gm ampicillin plus 80 mg gentamicin at cord 
' clamping and for two more doses postoperatively. Pa- 
tients were included in the study if the following con- 
ditions were present =12 hours postoperatively: (1) 
uterine tenderness, and (2) either a single temperature 
elevation =38.3° C or two temperatures =38° G 26 
hours apart. Patients were not eligible for enrollment 
if they had another obvious site ot infection. Other 
exclusion criteria were age <18 years, history of an 
immediate hypersensitivity reaction to a penicillin or 
cephalosporin, and evidence of antepartum infection 
(e.g., chorioamnionitis). | 

Drug regimen. Patients were assigned by a computer- 
generated randomization schedule to receive either ce- 
fotetan, 2 gm intravenously every 12 hours alternating 
with placebo every 12 hours, or cefoxitin, 2 gm intra- 
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venously every 6 hours. All doses were identical in ap- 
pearance and were dispensed from the pharmacy in 
150 ml of 5% dextrose in water. Patients were treated 
intravenously until deemed cured and were sent home 
without any oral antibiotics. 

Study procedures. The following laboratory tests 
were performed before the study. every 5 days during 
therapy, and after the study: complete blood cell count 
with differential and platelet count, prothrombin time, 
partial thromboplastin time, liver function tests, serum 
creatinine, and blood urea nitrogen. Blood and urine 
cultures were performed in all patients at the time of 
enrollment. Because of the well-described character of 
the organisms associated with post—cesarean section 
endometritis, endometrial cultures were obtained only 
in patients who failed therapy.*”™! Patients who did not 
respond to the study drugs in at least 48 hours were 
given ampicillin, gentamicin, and either metronidazole 
or clindamycin. Patients found to have enterococcal 
bacteremia had therapy changed to ampicillin and gen- 
tamicin. Follow-up was obtained 4 to 6 weeks after dis- 
charge either at a clinic visit, office visit, or by tele- 
phone. 

Definitions for evaluating response. Cure was de- 
fined as a decrease in temperature and uterine ten- 
derness within the first 48 hours of therapy, with com- 
plete resolution of both by the end of therapy. Failure 
was defined as either a persistently elevated tempera- 
ture without a trend towards improvement or uterine 
tenderness without improvement after 48 hours of 
therapy. All patients with enterococcal bacteremia were 
considered failures regardless of their clinical re- 
sponses. Relapses were those patients who met the cri- 
teria for cure who subsequently developed signs and 
symptoms of wound infection, akscess, or recurrent 
endometritis during the 4 to 6 week follow-up period. 
All clinical decisions, including those regarding ter- 
mination of study treatment because of an unsatisfac- 
tory response, were made by the primary physicians, 
not by the study team. 

Statistical analysis. Proportions were compared with 
a x? test or a two-tailed Fisher’s exact test. Means were 
compared with a pooled ¢ test or the Welch’s ¢ test in 
the case of groups with unequal variances. 


Results 


One hundred forty patients were enrolled in the 
study; 66 were evaluable in the cefotetan group and 63 
in the cefoxitin group. Patients were nonevaluable for 
the following reasons: chorioamnionitis (four), age <18 
years (three), termination of treatment at 24 hours due 
to rapid clinical response (two), pneumonia (one), and 
drug administration error (one). 

The mean age was 26 years in both groups. Only 
13% to 16% of patients had prolonged rupture of mem- 
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Table II. Episodes of bacteremia 










Patient No. 





Study antibiotic 





Organism 
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Susceptibility 


Clinical 
outcome 





l Cefotetan Enterococcus R R Failure* 
2 Cefotetan Enterococcus R R Failure* 
3 Cefotetan Enterococcus R R 

Escherichia colt S S Failure* 
4 Cefotetan 8-Hemolytic streptococci S S Relapse 
5 Cefotetan Bacteroides loescheit S S Cure 
6 Cefotetan Bacteroides melaninogenicus S S Failure 
7 Cefotetan Pigmented Bacteroides sp. ND ND Cure 
8 Cefoxitin Enterococcus R R Failure” 
g Cefoxitin E. coli S S Cure 

10 Cefoxitin Bacteroides oris S R 
Peptostreptococcus S S Relapse 


R, Resistant; S, susceptible; ND, not done. 


*Failure by definition, organisms resistant to cephalosporins. 


branes (>24 hours) or were in labor for >24 hours, 
with similar percents in both groups. Most patients were 
primarily cared for by our resident physicians, 86% and 
83% in the cefotetan and cefoxitin groups, respectively. 
Twelve percent and 11%, respectively, had undergone 
previous cesarean sections. 

Complete cure was achieved in 83% (55) of cefotetan 
patients and 79% (50) of cefoxitin patients (p = 0.56) 
(Table 1). The duration of therapy, time to deferves- 
cence (<38.5° C), and length of hospital stay were sim- 
ilar in both groups (Table I). 

Wound infections developed in one patient treated 
with cefotetan and in two treated with cefoxitin. The 
patient treated with cefotetan had persistent fever, and 
ampicillin, gentamicin, and metronidazole were pre- 
scribed afer a bedside debridement to remove a large 
amount of necrotic tissue. This was considered a ce- 
fotetan failure. The cefoxitin patients had minor 
wound infections and, after bedside debridement, only 
local care was required. Therefore they were consid- 
ered cefoxitin cures. All wounds ultimately healed well. 

‘ollow-up was obtained in 85% of patients. One pa- 
tient in each group had what was considered a relapse 
during the 4 to 6 week follow-up period. One patient 
in the cefotetan group, receiving warfarin because of 
a history of pulmonary embolus, | week after discharge 
fell from a moving car and developed a left lower quad- 
rant hematoma with fever. She declined needle aspi- 
ration for culture of the hematoma, and her temper- 
ature resolved during a 10 day course of empiric am- 
picillin, gentamicin, and metronidazole therapy. The 
cefoxitin patient with relapse was seen in the emergency 
room with abdominal pain, fundal tenderness, and a 
temperature of 99.9° F 4 days after discharge from the 
hospital. She refused readmission and was treated with 
oral ampicillin and doxycycline; her symptoms re- 
solved. | 


Table HI. Organisms isolated from 
endometrial cultures (from clinical 
failures only) 


Total | Cefotetan | Cefoxitin 
Organism isolates | patients* | patients 
9 


Enterococcus sp. 5 (5) 4 (4) 
Coagulase-negative staphylo- 5 2 (1) 3 (0) 
cocci 


Diphtheroids 2 } (1) 1 (0) 
Group B streptococci H 0 (0) 1 (0) 
E. coh ] 1 (0) 0 (0) 
Enterococcus cloacaz l 0 (0) rin 
B. fragilis group 2 1 (0) 1 (0) 
Pigmented Bacterotdes ] 1 (0) 0 (0) 
Bacteroides sp. l 0 (0) 1 (0) 
Fusobacterium l 1 (0) 0 (0) 
Anaerobic gram-positive ] 0 (0) 1 (0) 
cocci 
Candida albicans 2 1 (NA)  1(NA) 


NA, Not available. 


*Total number of isolates with number resistant to study 
drug in parentheses. 


Seven patients were bacteremic before initiation of 
cefotetan therapy, compared with three in the cefoxitin 
group. Gram-positive, gram-negative, and anaerobic 
organisms were isolated (Table II). Most organisms 
were susceptible to both study drugs except for enter- 
ococcus, which was cephalosporin-resistant, and B. oris, 
which was cefoxitin resistant. Endometrial cultures 
from the patients who failed therapy showed mixed 
aerobic and anaerobic flora. As with the blood isolates, 
most organisms were susceptible to both cefotetan and 
cefoxitin. Nine of the 22 treatment failures had enter- 
ococci resistant to both drugs isolated from their en- 
dometrial cultures (Table ITI). 

Therapy with both drugs was well tolerated. The 
adverse effects that occurred were generally mild and 
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Table IV. Adverse effects* 


Clinical 
Nausea and vomiting 1 (1.5%) 3 (4.8%) 
Diarrhea 6 (9.1%) 4 (6.3%) 
Clostridium difficile toxin positive 1 (1.5%) 1 (1.6%) 
Vaginal candidiasis 0 1 (1.6%): 
Pruritus 0 1 (1.6%) 
Headache 1 (1.5%) 0 
Laboratory 
Alanine transaminase elevation 0 4 (6.3% 1 
Aspartate transaminase elevation 1 (1.5%) 0 
Prothrombin time prolongationt 4 (6.1%) 4 (6.3%: 
Mean increase in these patients 1.75 sec 1.45 sec 
Hemoglobin drop 21.5 gm 4 (6.1%) 5 (7.9%: 
Mean drop in these patients 2.0 gm 1.7 gm 
Thrombocytosis§ — — 
Mean increase in platelet count 127 + 86 140 + %4 
(thousands/ al) 


“Number of patients with percent of patients treated in 
parentheses. 


71.5 to 2 times normal. 


Prolongation of =1 second or greater than control (12.4 
seconds). 


$>350,000 per microliter. 


self-limited and did not require ciscontinuation of the 
study drugs. Clinical adverse effects included diarrhea, 
nausea and vomiting, pruritus, vaginal candidiasis, ard 
headache (Table IV). Three of the six patients in the 
cefotetan group who developed diarrhea and one of 
the four in the cefoxitin group did so 2 to 3 days after 
changing antibiotic therapy to ampicillin, gentamicin, 
and metronidazole because of treatment failure. 
Therefore the relative contribution of the various 
drugs is uncertain. One patient in each group had 
C. difficile toxin—positive diarrhea. The following lab- 
oratory abnormalities occurred in approximately equal 
numbers in each group: aspartate aminotransferase cr 
alanine aminotransferase levels twice normal, thror- 
bocytosis, anemia, and prolongation of prothrombin 
time (Table IV). | | 


Comment 


Post—cesarean section endometritis was encountered 
in 40% to 70% of patients before prophylactic antibiotiz 
use became accepted practice.” Currently, in spite of 
routine prophylaxis, endometritis still develops in up 
to one third of patients in reported series.” Risk factors 
for postoperative infection include young age, low so- 
cioeconomic status, extended duration of labor and 
ruptured membranes, multiple vaginal examinations, 
and prolonged operation time and delivery because o7 
cephalopelvic disproportion." High rates of cure have 
been achieved with a number of different antibtotic 
regimens, all chosen for their efficacy against the mixec 
aerobic-anaerobic polymicrobial etiology of the infec- 
tion. Cure rates of 75% to 95% are reported for most 
with no regimen clearly and consistently superior to the 
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others.'''® Therefore issues of cost and ease of admin- 
istration were important and led us to compare cefox- 
itin with cefotetan because of the latter’s lower cost and 
less frequent dosing requirement. 

The cure rates of 79% and 83% in the present study 
are similar to our previously reported results compar- 
ing cefoxitin with clindamycin plus gentamicin, in 
which 80% of patients were cured.” Some groups have 
reported higher success rates in treating endometritis. 
This may be the result of our protocol, which only 
allowed 48 hours for a clinical response to occur. This 
cut-off is significantly shorter than what has been used 
in some studies.*** '* '° A second reason for our rela- 
tively low response rates may be that we classified pa- 
tients with enterococcal bacteremia as failures. If we 
had defined these patients as nonevaluable, the clinical 
cure rates would have been increased slightly to 87% 
for the cefotetan group and &1% for the cefoxitin 
group (p = 0.31). In addition, we exercised no influ- 
ence on the obstetricians’ decision to change treatment, 
and some “failures” may merely represent the care 
team’s impatience with the speed of clinical response. 
Nonetheless, the double-blinded, randomized nature 
of our study allows the conclusion that no difference 
in efficacy could be distinguished between the two 
drugs. 

Our study design elected not to do endometrial cul- 
tures unless clinical failure occurred because of the 
wealth of data previously developed concerning the 
organisms typically found in post—cesarean section en- 
dometritis.* 7"? Therefore it is possible that our two 


study groups may not have been similar microbiolog- 


ically. We think this unlikely, owing to the randomized 
nature of the study and the large number calculated to 
avoid such statistical aberrations. Moreover, the simi- 
larity between the two groups concerning age, inci- 
dence and duration of ruptured membranes, duration 
of labor, incidence of repeat cesarean sections, and so- 
cioeconomic status offers further evidence that they 
were well matched, 

Because -lactam antibiotics ccntaining the methyl- 
thictetrazole side chain have been reported to cause 
bleeding problems, we monitored patients in both arms 
of the study for clinical or laboratory evidence of clot- 
ting disorders. No abnormal bleeding tendency was 
detected in this well-nourished population who re- 
ceived only a few days of antibiotic treatment. The mild 
reduction in hemoglobin and elevation in platelet 
counts seen in some patients were more likely a result 
of surgery than of antibiotic treatment. Nonetheless, it 
seems prudent to be alert for bleeding problems in 
sicker patients receiving a longer duration of therapy. 
Other adverse experiences, such as nausea, diarrhea, 
and abnormal liver enzyme levels, were uncommon and 
of similar frequency in the two treatment groups. 

Cost analysis showed that cefotetan saved an average 
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of $75 per treatment course. Also, because of the twice 
daily dosing, nursing time can be used more effectively. 
Given the equal responses and toxicities, we believe it 
responsible to use the less costly treatment. Further- 
more, we predict that future studies will demonstrate 
that additional savings can be effected by giving 24 to 
48 hours of intravenous treatment followed by a similar 
period of suitable oral medication. 

In conclusion, we found no difference in the clinical 
cure rate or toxicity of cefotetan and cefoxitin in the 
treatment of post—cesarean section endometritis in 
spite of some differences in the chemical configurations 
and in vitro activities of the two drugs. 


We thank the Obstetrics and Gynecology House Staff 
who assisted in enrolling the patients in this study and 
the women who volunteered to participate. 
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Interactions between intrauterine vontraceptive device use and 


breast-feeding status at time of intrauterine contraceptive 
device insertion: Analysis of TCu-380A acceptors in 


developing countries 


Gaston Farr, MA, and Roberto Rivera, MD 
Research Triangle Park, North Carolina 


OBJECTIVE: This paper is a reassessment of earlier findings from a preliminary analysis of data from a 
multicenter international trial regimen on breast-feeding and non~—breast-feeding women in which events 
related to insertion, expulsion, and removal of the TCu-380A intrauterine contraceptive device (ParaGard 


380) were investigated. 


STUDY DESIGN: Performance of the TCu-380A through 12 months after insertion was compared with 
life-table rate analysis, x°, Fisher exact test, or Student's ¢ test. Variables were events reported during 
intrauterine contraceptive device insertion and events throughout the 12 months of study participation by 


breast-feeding status. 


RESULTS: Breast-feeding among intrauterine contraceptive device users was associated with fewer 
insertion-related complaints and lower removal rates for bleeding and pain. No uterine perforations were 


reported throughout the study. 


CONCLUSION: Differences in the performance of the TCu-380A intrauterine contraceptive device suggest 
physiologic effects associated with lactational amenorrhea. The TCu-380A intrauterine contraceptive 
device is a viable option for women breast-feeding at the time of intrauterine contraceptive device 


insertion. (Am J Opstet GYNECOL 1992;167:144-51.) 


Key words: Breast-feeding, intrauterine contraceptive device, TCu-380A IUD and 


breast-feeding, TCu-380A insertion and adverse reactions 


The benefits of breast-feeding for both mothers and 
infants are widely accepted. For the mother it is a nat- 
ural, convenient, and cost-effective option that offers 
some protection against pregnancy.’ For the infant 
prolonged breast-feeding is one of the most important 
factors for improving chances for survival, growth, and 
development. In many developing countries breast- 
feeding also plays a very important role in spacing 
births.’ * However, current family planning programs 
in these countries emphasize the use of modern con- 
traceptive methods, most often intrauterine contracep- 
tive devices (IUDs) and hormona: methods (oral pill, 
implants, and injectables). In some instances lactating 
women are excluded from using IUDs because of a risk 
of uterine perforation.’ On the other hand, IUDs are 
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often recommended for contraceptive use among 
breast-feeding women because of the lack of adverse 
effects on lactation.® 

Family Health International is an international non- 
profit organization that conducts research and provides 
technical assistance in health, family planning, sexually 
transmitted diseases, and acquired immunodeficiency 
syndrome. In an earlier analysis of data from Family 
Health International’s multicenter comparative trial 
regimens of the TCu-380A, breast-feeding women 
were more likely to experience pain-free insertion, few 
problems with postinsertion bleeding and pain, no 
uterine perforations, and a high continuation rate after 
6 months of use.? Also, breast-feeding women were no 
more likely to experience accidental pregnancy or in- 
trauterine contraceptive device expulsion than non— 
breast-feeding women. However, that study repre- 
sented a preliminary analysis of data from five sites 
participating in Family Health International’s multi- 
national comparative clinical trial regimens of the TCu- 
380A. More than 20 sites in 11 countries participated 
in these trial regimens. 

Recently Family Health International completed data 
processing for these sites and is now compiling these 
data into a worldwide database. The earlier study fo- 
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cused on 3- and 6-month rates because follow-up at 
each of the five sites had not been completed through 
12 months. Our article represents a reassessment of 
these earlier findings with 12-month data from the 
expanded Family Health International TCu-380A 
database. 


Material and methods 

The copper-T-380A (TCu-380A) is a plastic, T- 
shaped IUD with copper wire wound around the stem 
and copper collars on each side of the cross arm of the 
T. This IUD has a total exposed copper surface area 
of 380 mm’. It is 36 mm long, 32 mm wide, and has 
two monofilament marker strings attached to a ball at 
the bottom of the vertical stem. The TCu-380A has 
been shown to be an effective contraceptive option, with 
life-table failure rates of <1 per 100 women after 12 
months of use.® It has been approved for use in the 
United States for <8 years. 

Family Health International’s international clinical 
trial regimens of the TCu-380A IUD were designed to 
compare this device with the IUD most widely used in 
each of the participating countries, including the TCu 
200, the TCu 220, the Lippes Loop, and the Multiload 
250. All sites used identical study protocols and case 
record forms. IUDs were randomly assigned to partic- 
ipants according to sealed random-allocation enve- 
lopes, preprinted before study initiation, and opened 
at the time of IUD insertion. All study subjects were 
healthy women who had no contraindications for IUD 
contraceptive use and who gave informed consent to 
participate in the study. 

The clinical protocol specified that women were to 
be sexually active and between 18 and 40 years of age. 
Insertions were performed in the interval period (last 
pregnancy ended at least 42 days before insertion). Pa- 
tients were to return for follow-up at 1, 3, 6, and 12 
months after insertion and at any time complications 
occurred. Medical examinations were performed dur- 
ing each contact with the patient. A woman was dis- 
continued from the study if she became pregnant or if 
her IUD was expelled, displaced, or removed for any 
reason. 

Information on selected sociodemographic charac- 
teristics, reproductive and contraceptive histories, and 
preexisting medical conditions was obtained at the time 
of admission into the study. The woman’s breast-feed- 
ing status was determined at admission. Insertion-re- 
lated events were recorded on the admission form; sub- 
sequent pertinent events such as accidental pregnancy, 
expulsion, removal, complications, and complaints 
were recorded at each follow-up visit. A total of 2533 
women had TCu-380A IUDs inserted at 25 research 
sites in Nigeria, the Philippines, Mexico, Peru, Came- 
roon, Pakistan, Sri Lanka, Thailand, Malaysia, El Sal- 
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vador, and Chile. Insertions were performed between 
May 1985 and September 1988. 

‘A woman was included in the analysis if her last preg- 
nancy resulted in a vaginally delivered, live, term birth. 
The study population consisted of 2275 women. At the 
time of insertion, 1243 of the women indicated they 
were not breast-feeding and 1032 indicated they were. 
(Breast-feeding status includes both full lactation and 
partial lactation, which is defined as providing supple- 
mentary food in addition to breast-feeding.) 

Performance of the TCu-380A through 12 months 
after insertion was compared between women who 
were not breast-feeding and those who were breast- 
feeding at the time of insertion by life-table rate anal- 
ysis. Rare but medically serious insertion-related events 
were compared between the two groups by the x’ test 
of association or the Fisher exact test if the numbers 
were small. Student’s ¢ test was used to compare dif- 
ferences between continuous variables. Gross cumula- 
tive life-table event rates were calculated by Potter’s 
method" and compared by the log-rank method." Her- 
son’s method was used to produce rates adjusted for 
any differences in baseline characteristics." A p value 
of <0.05 (two-tailed) was considered statistically sig- 
nificant. 


Results 


Table I presents data on selected baseline character- 
istics of the two groups of women. On the average 
breast-feeding and non—breast-feeding women were 
similar in their number Of live births and in their num- 
ber desiring additional children sometime in the future. 
However, non—breast-feeding women were almost 2.5 
years older and had completed at least 1 more year of 
schooling. Non—breast-feeding women were more 
likely to be using some form of contraception in the 
month before this TCu-380A IUD insertion, to have 
had a completed menstrual cycle before insertion, and 
to have had a shorter time interval (<6 months) be- 
tween the date the study IUD was inserted and the date 
their last pregnancy ended (all differences significant 
at p < 0.001). 

Events experienced during IUD insertion are pre- 
sented in Table II. Two failed insertions were reported 
in this population, with one in each group; these women 
appear only in Tables I and II. No reports of uterine 
perforation at the time of insertion were recorded. 
Other insertion events were rare; when they occurred 
the number was usually higher among non—breast- 
feeding women. More non—breast-feeding women 
than breast-feeding women experienced some degree 
of pelvic pain during insertion (p < 0.001, x° test), 
and more required cervical dilatation to ease insertion 
(p < 0.03, Fisher exact test). No statistically significant 
difference were noted between the two groups in the 
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_ Table I. Selected baseline characteristics of: 
women using the TCu-38A IUD who were 
either breast-feeding or not breast-feeding at 
time of IUD insertion, 1985-1988 







Not 
breast-feeding | Breast-feeding 
(n = 1243) | (n = 1032) |p Vatue 






Patient characteristics 





Age (yr; mean + SD) 28.1456 25.650 0.001*— 

Parity (mean + SD) 2.6 2.1.9 2.5 + 20 0.789* 

Education? (yr; 9.1 + 4.4 8.1+ 4.6 0.001* 
mean + SD) 

Number of additional 0.7 + 0,9 0.8 + 0.9 0.205* 


children desired? 
(mean + SD) 
Contraceptive used in the month before study? 


None r OA 79.2 0.001| 
Yes 65.3 20.8 
Menstrual status at insertion$ 
Still amenorrheic (%) . 8.0 50.6 0.001 
Resumed menses (%) 92.0 49.4 : 
Open interval to insertion 
<6 months (%) 19.4 70.0. 0.00 L| 
6-12. months (%)- 13.2 » “Eval 
12-24 months (%) 20.2 10.5 


24+ months (%) “AT 2.4 


*Student’s ¢ test. 


{Data were unavailable for 131 cases in the not~breast- 
feeding group and 162 cases in the dreast-feeding group. 


Data were unavailable for 9 cases in the not—breast-feeding 
group and 8 cases in the breast-feeding group. 

§Data were unavailable for4 cases in the not—breast-feeding 
group and | case in the breast-feeding group. 


By x’. 


incidence of cervical laceration at insertion. or inserticn- 


related complications such as syncope or diaphoresis. 
Most of the women were diagnosed with retroverted 
uteri. 

A total of 2207 women (1203 (97%) iin in the non— 
breast-feeding group and 1004 (97%) in the breast- 
feeding group) returned for at least one follow-up visit 
during the study. Table III presents gross cumulattve 
life-table event rates for 3, 6, and 12 months after m- 
sertion. Event rates were found to be comparable for 
the two groups of women at each follow-up pericd, 


with the exception of removals for bleeding or pain. - 


At each time interval. studied breast-feeding women 
experienced fewer removals for this reason an did 
non—breast-feeding clients. 

There were not statistically significant differences in 
pregnancy and expulsion rates between breast-feeding 
and non-—breast-feeding women. Although breast- 
feeding women tended to have lower pregnancy rates, 
pregnancy was very unusual in either group (0.6 per 
100 women in the non—breast-feeding group, com- 
pared with 0.3 per 100 women in the breast-feeding 
group). Expulsion tended to be more frequent in 


4 
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breast-feeding women, although expulsion rates were 
low in both groups as well (2.8 per 100 women among 
non—breast-feeding women compared with 3.9 in 


breast-feeding women). 


Because the two IUD study groups differed as to (1) 
age,:(2) use of contraception before IUD insertion, (3) 
menstrual status, (4) length of time between last preg- 
nancy outcome and IUD insertion, and (5) incidence 
of pain during insertion, life-table termination rates 
were Tanor ien to calculate adjusted cumulative 
rates.’ 

Table IV P 12-month cumulative life-table 
rates when adjusted for differences in age (<20, 20 to 
24, 25 to 29, 30 to 34, 35+ years old); use of contra- 
ception before study admission (no, yes); menstrual sta- 
tus at insertion (still amenorrheic, resumed menses); 
pain at insertion (no, yes); and the length of the open 
interval between the outcome date of the woman’s last 


_ pregnancy and the date of IUD insertion (<6 months, 


6 to 12 months, 12 to 24 months, 24+ months). 

The lack of difference between the two groups for 
pregnancy, expulsion, or remcval for other medical 
reasons was maintained after the life-table rates were 
adjusted for differences in each of these baseline char- 
acteristics. However, there was a difference in magni- 
tude between the two groups regarding removals re- 
sulting from bleeding‘or pain when life-table rates were 
adjusted for age. 

_ Breast-feeding women continued to have statistically 
significantly lower removal rates for bleeding and pain 
than non—breast-feeding women (5.1 vs 2.9 per 100 
women, respectively, p = 0.015). 

The relationship between the degree of breast-feed- 


Ing at insertion and the impact on pertinent life-table 


rates at 3, 6, and 12 months is shown in Table V. Breast- 
feeding status was separated to differentiate between 
women breast-feeding and giving supplementary foods 
(partial) and those breast-feeding without supplemen- 
tation (full). Women partially and fully breast-feeding 
experienced similar rates of removal for bleeding of 
pain, and non—breast-feeding women had a much 
higher rate of removal for bleeding at 3 months after 
insertion (p < 0.001) and at 6 months after insertion 
(p < 0.05). 

Differences among the dire groups in bleeding and 
pain removal rates were no longer statistically signifi- 
cant by 12 months after inserticn. Women in the fully 
breast-feeding group had slightly higher removal rates 
for bleeding or pain (3.7 per 100 women) than women 
in the partial breast-feeding group (2.7 per 100 
women), but this difference was not statistically signif- 
icant. | 

Gross cumulative life-table rates for IUD removals 
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Table Il. Events experienced during IUD insertion for non—breast-feeding and 
full breast-feeding women using the TCu-380A IUD 
| ' Not 


breast-feeding 
(n = 1243) 














Breast-feeding 


Events (n = 1032) 


Uterine position* 


| 0.001 
Anteverted (%) 53.1 49.5 
Retroverted (%) 25.5, 35.0 
Midposition (%) 21.4 . 15.5 
Person performing insertion . 0.4547 
Obstetrician-gynecologist (%) 152 5 76.6 
Others (%) 24.8 23.4 l 
Dilation requiredł l . 0.033§ 
None (%) 98. 99.5 
Yes (%)> - 0.5 
Cervical laceration 0.156§ 
None (%) . 97.2 96.0 
Yes (%) 2.8 4.0 
Pelvic pain 0.001F 
None (%) 74.8 82.9 
Yes (%) 25.2 17.1 


*Data were unavailable for 14 cases in the not—breast-feeding group and for 11 cases in the breast-feeding group. 


TBy x. : 


+ 


Data were unavailable for 9 cases in the not—breast-feeding group and for 8 cases in the breast-feeding group. 


§Fisher exact test. 


because of bleeding and pain for non—breast-feeding 
women and breast-feeding women who were either 
amenorrheic or nonamenorrheic at IUD insertion are 
presented in Table VI. No significant differences in 
removal rates were detected when comparing rates for 
non—breast-feeding women and breast-feeding women 
who had resumed menses, nor were there significant 
differences when comparing rates for breast-feeding 
women who had resumed menses with those of women 
who still had amenorrhea at the time of IUD in- 
sertion. | 


However, significant differences were detected when `- 


comparing removal rates at each time perioc for non— 
breast-feeding women and breast-feeding women who 
still had amenorrhea. Overall, breast-feeding women 
who still had amenorrhea at the time of IUD insertion 
had the lowest removal rates for bleeding and pain at 
3, 6, and 12 months after insertion. 

Time since last pregnancy outcome (open interval) 
was not significantly associated with the incidence of 


removal of the TCu 380A for bleeding or pain (Table ° 


VII). Although women whose last pregnancy ended <6 
months before IUD insertion were less likely to have 
their IUDs removed for bleeding complications than 
women =7 months post partum, differences in the 
3-,6-, and 12-month removal rates were not statistically 
significant at p < 0.05. When bleeding and pain re- 
moval rates were adjusted for breast-feeding or men- 
strual status at the time of IUD insertion; these differ- 
ences virtually disappeared. Removal of an IUD for 


bleeding or pain may not be a reflection of postpartum 
status as: much as of whether these women were actively 
breast-feeding or had amenorrhea (or both) at the time 
the IUD was inserted. . 


Comment 


The TCu-380A has been shown to provide very ef- 
fective and safe protection against pregnancy when 
compared with other IUDs and is becoming the JUD 
of choice in many family planning programs through- 
out the developing world. A number of studies have 
focused on the safety and efficacy of this device, in- 
cluding the effect of IUD use on lactation.**° A limited 


number of studies have been conducted to assess the 


impact of breast-feeding status at insertion on the per- 
formance of this IUD. 

Some studies have found an increased risk of uterine 
perforation and other complications during IUD in- 
sertion in breast-feeding women.’ However, recent 
studies have reported few if any uterine perfora- 
tions among breast-feeding or non—breast-feeding 
women.” > 

In our study the incidence of accidental pregnancy 
was found to be low for both study groups. This inci- 
dence confirms the results of earlier studies that found 
the incidence of accidental pregnancy was not affected 
by breast-feeding status at the time of IUD insertion.’ 

The earlier Family Health International study also 
did not find an increased risk for expulsion among 
breast-feeding women.’ Although expulsion rates were 
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Table III. Gross cumulative life-table rates per 
100 women of pertinent events at 3, 6, and 12 
months of use by breast-feeding and 
non—breast-feeding women inserted with the 
TCu-380A device, 1985-1988 












Not 
breast-feeding | Breast-feeding 
Pertinent events | (mean + SEM) | (mean + SEM) | p Value 






Pregnancy (mo) 


3 0.2.2 0:1 0.0 + 0.0 NS 
6 0.3 + 0.2 0.1 + OL NS 
12 0.6 + 0.2 0.3 + 0.2 NS 
Expulsion (mo) 
1.7 + 0.4 20+ 0.5 NS 
6 2.2 + 0.4 3.1 + 0.5 NS 
12 2.8 + 0.5 3.9 + 0.7 NS 
Bleeding and pain removal (mo) 
2.1 + 0.4 0.3 + 0.2 0.001 
6 3.2 + 0.5 1.5 + 0.4 0.05 
12 Bol & 0.7 2.9 + 0.6 0.05 
Other medical removal (mo) 
3 0.2 + 0.1 0.5 + 0.2 NS 
6 0.8 + 0.3 0.8 + 0.3 NS 
12 1.5 + 0.4 14+ 0.4 NS 


Log-rank method was used to determine significance. NS, 
Not significant. 


higher among breast-feeding women at each follow-up 
interval, the difference in rates were not statistically 
significant. Breast-feeding women may be at a slightly 
higher risk of JUD expulsion, but this risk may be more 
the result of their recent postpartum status than of 
breast-feeding alone. This risk also held true when 
these rates were adjusted for differences in the length 
of time between IUD insertion and the women’s last 
pregnancy outcome. 

Removals for bleeding or pain comprise most IUD 
discontinuations. Breast-feeding women in our study 
experienced fewer removals for bleeding or pain com- 
plications than non—breast-feeding women at each fol- 
low-up interval studied. This difference was greatest 
during the first 3 months after insertion, when the risk 
of increased bleeding associated with IUD use is high- 
est. Rates were beginning to converge by the end of 
the study (12 months after insertion), but this differ- 
ence was still statistically significant. 

Breast-feeding status may not be the sole reason for 
differences in the rates of IUD removal resulting from 
bleeding and pain complications; breast-feeding 
women were not similar to non—breast-feeding women 
across many baseline characteristics. Almost all non— 
breast-feeding women were menstruating at the time 
of LUD insertion compared with less than half of the 
breast-feeding women. 

The finding that bleeding and pain removal rates for 
breast-feeding women with amenorrhea were signifi- 
cantly lower than those removal rates for non—breast- 
feeding women is not unexpected. Breast-feeding has 
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Table IV. Adjusted* cumulative life-table rates 
per 100 women of pertinent events at 12 
months of use by breast-feeding and 
non—breast-feeding women inserted with the 
TCu-380A device, 1985-1988 











breast-feeding | Breast-feeding 
(mean + SEM)|\(mean + SEM)|p Value 





Pertinent events 


Pregnancy 
Age 0.6 + 0.2 0.2 + 0.2 NS 
Menstrual status 0.5 + 0.2 O.1 + 0.1 NS 
Used contraception 0.7 + 0.3 0.2 + 0.1 NS 
Open interval 0.7 + 0.3 0.2 + 0.1 NS 
Pain at insertion 0.6 + 0.2 0.2 +02 NS 
Expulsion 
Age 3.2 + 0.6 4.0 + 0.7 NS 
Menstrual status 3.2 + 0.7 3.9 + 0.7 NS 
Used contraception 3.0 + 0.6 3.8 + 0.8 NS 
Open interval 3.0 + 0.6 3.0 + 0.5 NS 
Pain at insertion ?.8 + 0.5 3.9 + 0.6 NS 
Bleeding and pain removal 
Age 5.1 + 0.7 29206 0.015 
Menstrual status 4.3 + 0.7 3.4 + 0.7 NS 
Used contraception 4.7 + 0.7 3.5 + 0.8 NS 
Open interval 4.6 + 0.7 3.7 + 1A NS 
Pain at insertion 4.8 + 0.7 3.3 + 0.6 NS 
Other medical removal 
Age 1.5 + 0.4 1.4 + 0.4 NS 
Menstrual status 1.3 + 0.3 15+ 0.5 NS 
Used contraception 1.6 + 0.4 13 + 04 NS 
Open interval 1.5 + 0.5 2.2 + 1.4 NS 
Pain at insertion 1.5 + 0.4 1.3 + 0.4 NS 


Age (<20, 20-24, 25-29, 30-34, 35+); menstrual status (still 
amenorrheic, resumed menses); used contraception in pre- 
vious month (no, yes); open interval to insertion (<6 months, 
6-12 months, 12-24 months, 24+ months); pelvic pain at 
insertion (no, yes). NS, Not significant. 

*Herson’s method was used to determine significance. 


been found to prolong postpartum amenorrhea (lac- 
tational amenorrhea) and to inhibit ovulation and re- 
duce the likelihood that pregnancy may occur.'® 7 
Thus, as long as a woman continues to breast-feed, she 
is more likely to have amenorrhea and thereby continue 
to have a lower risk of [UD-related bleeding than men- 
struating women. 

Some of the differences in the baseline characteristics 
between breast-feeding and non—breast-feeding 
women, such as use of contraception in the month be- 
fore IUD insertion, the completion of'a menstrual cycle 
before insertion, and the length of the interval between 
delivery and [UD insertion are clearly related to breast- 
feeding status. Therefore it is not a surprise that the 
differences in bleeding-and-pain removals and in pain 
at insertion disappear when the two groups (breast- 
feeding and non—breast-feeding) are adjusted by the 
above-mentioned differences. 

It is important to note that no uterine perforations 
were reported among these women. It has previously 
been thought that women who were breast-feeding at 
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Table V. Gross cumulative life-table rates per 100 women of pertinent 3 ard 6 months of use by extent of 
breast-feeding at the time of insertion of the TCu-380A device, 1985-1988 


No. of women 


At 3 mo Al 6 mo At 12 mo 
Pertinent events Admission (mean + SEM) (mean + SEM) (mean + SEM) 
Pregnancy 
Not breast-feeding 1242 0.2 + 0.1 0.4 + 0.2 0.6 + 0.2 
Partial 565 0.0 + 0.0 0.0 + 0.0 0.0 + 0.0 
Full 466 0.0 + 0.0 0.22502 0.6 + 0.4 
Expulsion 
Not breast-feeding 1242 1.7 + 0.4 2.3 + 0.4 2.8 + 0.6 
Partial 565 3.3 + 0.8 3.7 20.8 4.6 + 0.9 
Full 466 2.2 + 0.7 2.4 + 0.7 3.0 + 0.8 
Bleeding and pain removal 
Not breast-feeding 1242 2.1 + 0.4* 32 20.57 4.8 + 0.6 
Partial 565 0.4 + 0.3 1.6 + 0.6 3.7 = rO 
Full 466 0.2 + 0.2 1.4 + 0.6 2.6 + 0.7 
Other medical removal 
Not breast-feeding 1242 0.2.0.1 0.8 + 0.3 1.6 + 0.4 
Partial 565 0.6 + 0.3 1.0 + 0.4 1.7 + 0.6 
Full 466 0.5 + 0.3 0.7 + 0.4 1.0 + 0.5 
Partial breast-feeding is defined as breast-feeding with supplementary food given. 
*h < 0.001 by log-rank method comparing the three feeding groups. 
tp < 0.05 by log-rank method comparing the three feeding groups. 
Table VI. Comparisons of gross cumulative life-table rates per 10 women for removals because of 
bleeding and pain according to breast-feeding and menstrual status at the time of insertion of the 
TCu-380A device, 1985-1988 
At 3 mo Ai 6 mo At 12 mo 
Admission status (mean + SEM) (mean + SEM) (mean + SEM) 
Not breast-feeding 2.1 + 0.4 3.2 + 0.5 4.8 + 0.6 
Breast-feeding~resumed menses 0.6 + 0.4 21077 3.6 + 0, 
Not breast-feeding 2.1 + 0.4* 3.2 2-057 4.8 + 0.64 
Breast-feeding—still amenorrheic 0.0 + 0.0 0.9 + 0.4 2.5 + 0.8 
Breast-feeding—resumed menses 0.6 + 0.4 ZO 3.6 + 0.9 
Breast-feeding—still amenorrheic 0.0 + 0.0 0.9 + 0.4 2.5 + 0.8 


*p = 0.003 by log-rank method. 
tp = 0.011 by log-rank method. 
tp = 0.038 by log-rank method. 


the time of IUD insertion were at higher risk of uterine 
perforation than non—breast-feeding women,” "’ al- 
though other researchers have not always found this 
to be the case.* '* The absence of reports of uterine 
perforation in this study cannot be construed to mean 
that IUD perforation should no longer be considered 
a risk factor among women using IUDs. 

However, these results are reassuring and may sug- 
gest that inserters trained under a similar insertion pro- 
cedure can have low perforation rates. It is also reas- 
suring that no increased risk of perforation in breast- 
feeding women was observed in a multicenter study 
involving a large number of women with different in- 
dividuals performing the IUD insertions. 

Of special importance is the lower incidence of pain 
reported at the time of IUD insertion and fewer re- 


movals for bleeding and pain among breast-feeding 
women, particularly among those women who still had 
lactational amenorrhea at the time of insertion. The 
lower incidence of both pain at insertion and pain being 
a reason for IUD removal is likely to be the result of 
the same factors that are associated with lactational 
amenorrhea. 

Researchers now accept the fact that an increased 
secretion of -endorphin is responsible for the main- 
tenance of lactational amenorrhea. The suckling stimuli 
produce an increased hypothalamic secretion of B-en- 
dorphin, which in turn inhibits the activity of the hy- 
pothalamic luteinizing hormone pulse generator.” B- 
endorphin is a potent analgesic, several times more 
potent than morphine.” It has been reported that en- 
dorphins increase the threshold of pain in the rat”; an 
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Table VII. Comparisons* of cumulative life-table rates per 100 women for removals because of bleeding 
and pain by open interval since last pregnancy outcome; gross rates and rates adjusted by breast-feeding 
and menstrual status at the time of insertion of the TCu-380A device, 1985-1988 


Interval status 


Gross rates 
Interval =6 mo 0.7 
Interval > 6 mo 2.3 

Breast-feeding—menstrual status at admissiont 
Interval <= 6 mo i 
Interval > 6 mo Í 

Breast-feeding status at admission? 

Interval = 6 mo 1 
Interval > 6 mo l 

Menstrual status at admission§ 

Interval <6 mo I. 
Interval > 5 mo l 


Al 3 mo At 6 mo 
(mean + SEM) (mean + SEM) 


Al 12 mo 
(mean + SEM) 


18+ 0.4 3.3 + 0.6 
2.9 + 0.5 4.7 + 0.6 
2.7+0.8 37 +08 
28 + 0.6 4.1 + 0.7 
26 4), 3.7 + 0.8 
29 = 0. 4.4 + 0.6 
92 06 3.6 + 0.7 
28+ 0.8 4.2 + 0:7 


*By log-rank method; none of the comparisons were found to be statistically significant at p < 0.05 at each time interval. 
+Defined as non—breast-feeding, breast-feeding—still amenorrheic, breast-feeding—resumed menses. 


=Defined as non—breast-feeding and breast-feeding. 
§Defined as amenorrheic and resumed menses. 


increased tolerance to pain at the end of pregnancy, 
attributed to an increase in 8-endorphin, has been re- 
ported in normal women.” 

Another hormonal factor associated with lactational 
amenorrhea is absent or very low estrogen secretion. 
It has been shown that the sensitivity of the uterus 
varies according to the phases of the menstrual cycle 
in the rat.” In general, estrogens increase the sensitivity 
of afferent uterine neural fibers.” When rats are in 
vaginal estrus or proestrus, the hypogastric uterine fi- 
bers are more sensitive to stimulation such as pressure 
or stretching.” It is possible that the lower incidence 
of pain during IUD use among breast-feeding women 
observed in this study may be because of increased 
levels of B-endorphin and low levels of estrogens. 

These two situations are more likely to be present 
when breast-feeding women are still in amenorrhea, 
which is also consistent with the findings of the study. 
Lower rates of removals for bleeding and pain at 3 and 
6 months of IUD use among breast-feeding women 
who were still in amenorrhea or who were fully breast- 
feeding at the time of IUD inserticn are also consistent 
with a B-endorphin and estrogen-mediated effect. B- 
endorphin levels decrease and estrogen levels increase 
with a reduction in the breast-feeding stimuli, a situa- 
tion that is likely to occur because the postpartum pe- 
riod is extended. 

In summary, these data suggest that removals for 
bleeding and pain occur within the first few months 
postinsertion and that women with amenorrhea who 
are breast-feeding at the time of IUD insertion may be 
less likely to experience a removal because of bleeding 
and pain complications during this time than women 
who are not. An increased risk of adverse effects, in- 


cluding uterine perforation, was not apparent among 
women using the TCu-380A IUDs who were breast- 
feeding at the time of insertion. Breast-feeding women 
experienced easier and less painful insertion proce- 
dures and were less likely to prematurely stop IUD use 
because of bleeding complications associated with IUD 
use. i 

Differences in the rate of remcval continued to per- 
sist over time, suggesting that breast-feeding at the time 
of IUD insertion may have more impact on long-term 
continuation of use than was previously expected.” 
What may cause this lower risk is uncertain; most likely 
it is the result of the amenorrhea of many of the breast- 
feeding women at the time of IUD insertion and that 
the women probably continued to have amenorrhea 
during the early postinsertion months and not specif- 
ically to their postpartum status. This effect can only 
be maintained if women continue to breast-feed and 
have amenorrhea for a period of time. 

Differences detected in the performance of the TCu- 
380A IUD may be caused by factors associated with 
lactational amenorrhea and other dissimilarities be- 
tween breast-feeding and non—breast-feeding women. 
These findings suggest that use of the TCu-380A is a 
viable option for women who are breast-feeding at the 
time of IUD insertion. The potential of a lower inci- 
dence of pain at the time of IUD insertion and of lower 
rates of removals for bleeding anc pain can actually be 
an advantage for the use of IUDs in breast-feeding 
women, particularly during the period of lactational 
amenorrhea. 

We thank all collaborating investigators involved 
in this study for their valuable contribution to this 
trial regimen, thank I-Cheng Chi, Caroline Raby, 
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draft, and thank Inder Sharma for suggestions con- 
cerning the life-table analysis. 
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Survival and disease progression in human immunodeficiency 
virus—infected women after an index delivery 


D. Jay Gloeb, DO, Shenghan Lai, PhD, JoNell Efantis, RN, ARNP, and 


Mary Jo O’Sullivan, MD 
Miami, Florida 


OBJECTIVE: Our objective was to provide information on survival and disease progression in human 
immunodeficiency virus antibody—positive pregnant women .indergoing prospective evaluation. 

STUDY DESIGN: After an index delivery, 103 human immunodeficiency virus antibody—positive pregnant 
women were identified and underwent follow-up for 3 years. The patients were assessed medically and/cr 
gynecologically when hospitalized for a human immunodeficiency virus—related illness or at each 
follow-up visit. The life-table method was used to estimate the cumulative probabilities of survival and 
remaining free of acquired immunodeliciency syndrome. Cox’s proportional-hazards analyses were used to 
identify prognostic factors for survival and progression to acquired immunodeficiency syndrome. 
RESULTS: The majority of human immunodeficiency virus—infected pregnant women were alive 3 years 
later. Lymphadenopathy syndrome or herpes genitalis was significantly associated with a subsequent 
diagnosis of acquired immunodeficiency syndrome. Of the 103 original patients, six had acquired 
immunodeficiency syndrome at the index delivery and acquired immunodeficiency syndrome developed in 
24. Approximately 84% of evaluable patients with development of acquired immunodeficiency syndrome 
had CD4-lymphocyte counts <200/mn?. The most common opportunistic infection was Pneumocystis 
carinii pneumonia. Acquired immunodeficiency syndrome and postpartum zidovudine therapy were 


independent prognostic factors affecting survival. 


CONCLUSION: Survival was affected by Centers for Disease Control group status of human 
immunodeficiency virus infection at the index delivery. (Am J Opstet GYNECOL 1992;167:152-7.) 


Key words: Acquired immunodeficiency syndrome (AIDS) in pregnancy, survival of human 
immunodeficiency, virus (HIV)—mfected women, Ccx’s model, time-dependent covariates 


The acquired immunodeficiency syndrome (AIDS) 
had been reported in nearly 19,000 women in the 
United States as of July 1991.’ AIDS was the eighth 
leading cause of death in women 15 to 44 years old in 
1937,? and in 1990, 11.3% ofall new AIDS cases cc- 
curred in women.! On the basis of current trends, AIDS 
will be among the five leading causes of death in women 
of childbearing age in 1991.? 

Several studies have suggested that women have a 
lower median survival than men.*’ It is unknown 
whether pregnancy or cofactors such as genitourinary 
tract infections, sexually transmitted diseases, age®? si- 
multaneous infection with the human T-lymphotropic 
virus type I (HTLV-]),'* * the mode of acquisition of 
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human immunodeficiency virus (HIV) infection,” and 
the biologic properties of HIV variants’? increase the 
rate of progression to AIDS. This observational study 
provides information on survivel and disease progres- 
sion in HIV antibody—positive pregnant women un- 
dergoing prospective evaluation after an index de- 
livery. 


Patients and methods 


Population characteristics. Between Jan. 28, 1986, 
and Dec. 21, 1988, 103 HIV antibody—positive preg- 
nant women were identified for clinical follow-up dur- 
ing a pregnancy that resulted in an index preterm or 
term delivery at Jackson Memorial Hospital. All pa- 
tients were voluntarily tested for HIV before delivery 
because of admitted risk factors or medical indications 
and had either a repeatedly reactive enzyme-linked im- 
munosorbent assay and a confirmatory Western blot or 
a repeatedly reactive enzyme-linked immunosorbent 
assay and ultimate development of clinical manifesta- 
tions of HIV infection as defined by the Centers for 
Disease Control. Historically, taere is a strong corre- 
lation between the clinical manifestations of HIV in- 
fection and the presence of HIV antibody.'* The ma- 
jority of patients were seen for follow-up in a special 
antepartum clinic. During this period, there were 
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38,305 deliveries in a predominantly socioeconomically 
disadvantaged obstetric population ethnically distrib- 
uted as 45% African-American, 35% Hispanic, 10% 
Haitian, and 10% white. . 

In the study population, the majority (53.4%) were 
Haitian followed by 37 (35.9%) African-Americans, six 
(5.8%) Hispanics, and five (4.9%) white patients. The 
mean age at the index delivery was 29.0 years (range 
16.5 to 43.5 years). The median length of follow-up 
after the index delivery was 837 days (range 1 to 2308 
days). Most (60.2%) patients were followed up >2 
years; 18.4% were monitored from 1 to 2 years, and 
21.4% were evaluated for =1 year. 

Assessments and end points. The defined entry 
point was an observed pregnancy resulting in a preterm 
or term delivery. After delivery, the patients were as- 
sessed medically and/or gynecologically when hospi- 
talized for an HIV-related illness or at each follow-up 
clinic visit. 
` CD4-lymphocyte counts were used to determine the 
need to treat with zidovudine and to give prophylaxis 
for Pneumocystis carinii pneumonia. Historic and current 
data on HIV-related medical conditions were obtained 
by systematic abstracting of the subjects’ medical 
records, 

Patients were classified according to the Centers for 
Disease Control system for HIV infection (Table D and 
were not reclassified if clinical findings resolved. AIDS 
was diagnosed with the revised 1987 Centers for Dis- 
ease Control surveillance case definition.” 

Statistical analyses. The outcomes of interest in the 
analyses were time from entry into the study (index 
delivery date) to date of: (1) AIDS diagnosis and (2) 
death (survival time). The cumulative probabilities of 
_ survival and remaining AIDS-free after a given number 
of years were estimated by both the life-table method’® 
and Kaplan-Meier analysis,“ and differences in survi- 
vor function among the Centers for Disease Control 
groups were tested with both the log-rank and gener- 
alized Wilcoxon tests. Cox’s proportional-hazards 
analyses'® '’ identified prognostic factors for survival 
and progression to AIDS. The outcome variables of 
primary interest were: the Centers for Disease Control 
group of HIV infection at the index delivery, a diag- 
nosis of AIDS, and postpartum zidovudine therapy. 
The covariates included in the models to be controlled 
were for age, race-ethnicity, and gravidity. The diag- 
nosis of AIDS and postpartum zidovudine therapy 
were functions of time; therefore they were treated as 
time-dependent covariates in the proportional-hazards 
model.'* '? Genitourinary tract infections and sexually 
transmitted diseases (including syphilis, gonorrhea, 
herpes genitalis, and condyloma) diagnosed during 
pregnancy, known HIV infection status of the index 
neonate on the basis of Centers for Disease Control 
criteria, the occurrence of a subsequent pregnancy, 
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Table I. Summary of Centers for Disease 
Control classification system for human 
immunodeficiency virus infection’* ° 


Group I Acute infection 
Group H Asymptomatic infection* 
Group HI Persistent generalized lymphaden- 
‘Opathy* 
Group IV Other diseaset 
Subgroup A Constitutional disease 
Subgroup B Neurologic disease} 
Subgroup C Secondary infectious diseases 


Category C1 Specified secondary infectious dis- 
eases listed in Centers for Disease 
Control surveillance case defini- 


tion for AIDS 


Category C2 Other specified secondary infectious 
‘diseases 
Subgroup D Secondary cancers 
Subgroup E Other conditions 


*Patients in groups II and III may be subclassified on the 
basis of a laboratory evaluation. 


There is no hierarchy of severity among group IV, 
subgroups A. through E. 


Includes those patients whose clinical presentation fulfills 
the definition of AIDS used by the Centers for Disease Control 
for national reporting. 


and history of drug use were also tested in the models. 
The Pearson x’ statistic (two-tailed) was used to ex- 
amine possible associations among the variables. All 
p values of <0.05 were considered statistically signif- 
icant. 


Results 


Impact of HIV infection on maternal outcome. 
When the Centers for Disease Control classification sys- 
tem (Table II) was applied to the 103 patients at the 
index delivery, 82 (79.6%) were asymptomatic (group 
II), 13 (12.6%) had lymphadenopathy syndrome 
(group III), six (5.8%) had AIDS (group IV, C1), and 
two (1.9%) had oral candidiasis fulfilling the criteria for 
other specified secondary infectious diseases (group IV, 
C2). 

Over the long term, of the 82 asymptomatic patients, 
only 32 (31.1%) did not have progression of HIV dur- 
ing the study. In 22 (21.4%) patients, lymphadenopathy 
syndrome developed. Of the remaining 28 (26.2%) pa- 
tients, one died of an unrelated HIV-AIDS cause, AIDS 
developed in 15, and 12 had progression to constitu- 
tional disease (n = 3), other specified secondary infec- 
tious diseases (n = 4), and simultaneous constitutional 
disease and other specified secondary infectious dis- 
eases (n = 5).. | 

Regarding the 30 patients with AIDS, six (5.8%) had 
AIDS at the index delivery. and AIDS developed in 24 
(23.3%). The most common AIDS diagnosis was Pneu- 
mocystis carinii pneumonia (11, 36.7%) followed by Can- 
dida esophagitis and toxoplasmosis (four each) and HIV 
encephalopathy (three cases). Additional AIDS diag- 
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Table II. Disease progression of HIV-infected pregnant women 


Status at 
index delivery 


Long-term status 


No. of 
Group Group HI | Group IVA Group IVC1 Group IVC2 Other 
I] 82 oe 22 3 3 4 I 6 


HI 13 4 
IVC] 6 
IVC2 2 


1 
j; l 


m Dm e 


l 


_ *Other includes six asymptomatic patients, five of whom had simultaneous development of constitutional disease and other 
specified secondarv infectious diseases and one who died of an unrelated HIV-AIDS cause, and one patient who had progression 
from lymphadenopathy syndrome to AIDS with a mixed infection. 


Table III. Cox’s proportional-hazards analysis 
of time until progression to AIDS after 


index delivery* 
Hazard|95% Confidence 
ratio interval p Value 


1.79-12.54 0.002 


Varichle 


Centers for Disease Control 4.73 


group 

Herpes genitalis 8.05 2.18-29.68 0.002 
Age 0.90 0.32-2.51 0.837 
Race-ethnicity 140 0.59-3.30 0.448 
Gravidity 0.57 0.17-1.93 0.362 


*All variables were dichotomized: Centers for Disease Con- 
trol group of HIV infection (II vs HI), age (<30 vs >30 years), 
race-ethnicity (Haitian vs non-Haitian), and gravidity (0 vs 
zI). y 


noses included one case each of Kaposi's sarcoma, cryp- 
tococcosis, cryptosporidiosis, and a mixed infection 
(Pneumocystis carinii pneumonia and toxoplasmosis) and 
four cases of AIDS, not classified. ‘Twenty-two patients 
have died, two shortly after the index delivery (i.e., 


1 and 5 days), accounting for the wide range of © 


follow-up. 

There were no statistically significant differences be- 
tween the Haitian and African-American subpopula- 
tions regarding age, gravidity, known HIV infection 
status of the index neonate, number of subsequent 
pregnancies, zidovudine therapy, Centers for Disease 
Control group status, a diagnosis of AIDS, and death. 

Zidovudine therapy was evaluated relative to Centers 
for Disease Control group status, race-ethnicity (Hai- 
tian and non-Haitian), age, and the development of 
AIDS. No statistically significant differences were noted 
between recipients and nonrecipients of zidovudine. 
Patients in whom AIDS did and did not develop were 
equally likely to have been treated with zidovudine. 

Among the 24 with development of AIDS, 17 of 18 
(94.4%) evaluable patients had CD4-lymphocyte counts 
<200/mm? at the time AIDS was diagnosed. Lympho- 
cyte counts were not a significant predictor of sur- 
vival. | 


Table IV. Cox’s proportional-hazards analysis 
of survival after index delivery* 












95% 
Confidence 






` Hazard 
Variable 





ratio interval 
Model I 
Group III 6.08 2.00-18.53 0.00 
Group IV’ 9.68 2.50-38.07 0.00 
Age 2.05 0.77-5.49 0.15 
Race-ethnicity 1.06 0.40-2.77 0.91 
Gravidity 0.40 0.11-1.42 0.16 
Zidovudine 0.47 0.09-2.51 0.38 
Model I 
AIDS 211.59 48.89-955.50 0.00 
Age 2.03 0.71-5.86 0.19 
Race-ethnicity 0.88 0.50-2.69 0.83 
Gravidity 0.84 0.17-4.07 0.83 
Zidovudine 0.14 0.02-1.09 0.06 


*Centers for Disease Control groups were coded as three 
categories (group I was the reference); AIDS was coded as 
yes or no; age was coded as =30 or >30 years; race-ethnicity 
was coded as Haitian or non-Haitian; gravidity was coded as 
0 or =]; and zidovudine was codec. as used or not used. 


Progression to AIDS. The Kaplan-Meier estimates 
of the cumulative probabilities of remaining AIDS-free 
for patients who were asymptomatic or had lymphad- 
enopathy syndrome on entry ino the study are shown 


.in Fig. 1. The cumulative probability of remaining 


AIDS-free decreased over time in asymptomatic pa- 
tients from 97.4% + 1.8% (mean + SE) at the end of 
| year to 78.8% + 5.7% 3 years later. For those with 
lymphadenopathy syndrome, :he cumulative prob- 
ability of remaining AIDS-free was lower at the end 
of the frst year (76.0% + 12.1%), further declining 
to 26.6% + 15.6% 3 years later. The cumulative 
probability of remaining AIDS-free for asymptom- 
atic patients was statistically significantly greater than 
for patients with lymphadenopathy syndrome (p < 
0.001). 

The temporal relationship of Centers for Disease 
Control group status at the index delivery and pro- 
gression to AIDS was examined with Cox’s propor- 
tional-hazards model. Patients having lymphadenopa- 
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Fig. 1. Three-year cumulative probability of remaining AIDS- 
free in patients who were asymptomatic (group II} and who 
had lymphadenopathy syndrome (group III) at inde> delivery. 


thy syndrome at the index delivery or herpes gen- 
italis during pregnancy were about five ard eight 
times, respectively, more likely to develop AIDS, con- 
trolling for age, race-ethnicity, and gravidity (Table 
HI). 

Survival of patients. Survival was also examined with 
Kaplan-Meier analysis. The cumulative probebility of 
survival (mean + SE) 1 year after the index delivery in 
asymptomatic patients was 97.4% + 1.8%, decreasing 
over time to 83.6% + 5.2% 3 years later (Fig. 2). For 
those with lymphadenopathy syndrome, survival was 
lower at the end of the first year (84.0% + 10.<%), fur- 
ther declining to 47.5% + 17.3% 3 years later. Survival 
in group IV patients was only 42.9% + 18.7% | year af- 
ter the index delivery. The cumulative probabilities of 
survival were statistically significantly different among 
all three groups (p < 0.0001). After seven patients who 
had incomplete follow-up were excluded, the median 
survival after an AIDS diagnosis was 189 days 

The relationship of survival to Centers for Disease 
Control group status at the index delivery, as well as 
postpartum zidovudine therapy, was explored with 
Cox’s proportional-hazards model (Table IV, model I). 
Zidovudine was given to patients at different times 
when deemed clinically appropriate; therefore this 
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Fig. 2. Three-year cumulative probability of survival in pa- 
tients who were asymptomatic (group II), had lymphadenop- 
athy syndrome (group III), and had other HIV disease (group 
TV) at index delivery. 


variable was treated as a time-dependent covariate in 
Cox’s model. Group III and IV patients were approx- 
imately 6 and 10 times, respectively, more likely to die 
of AIDS as compared with group II patients, with age, 
race-ethnicity, gravidity, and postpartum zidovudine 
therapy controlled for. 

The same model was used to explore the relationship 
of survival to the development of AIDS and postpartum 
zidovudine therapy with age, race-ethnicity, and gra- 
vidity controlled for (Table IV, model II). When these 
variables were treated as time-dependent covariates, 
development of AIDS was the most significant predic- 
tor of death. Postpartum zidovudine therapy was mar- 
ginally significant, suggesting its effectiveness in pro- 
longing survival. 

Other covariates including genitourinary tract infec- 
tions, sexually transmitted diseases (including herpes 
genitalis), known HIV infection status of the index neo- 
nate, the occurrence of a subsequent pregnancy, and 
history of drug use were not statistically significantly 
associated with survival. 


Comment 


The majority of HIV antibody—positive pregnant 
women who were either asymptomatic (group IJ) or 
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had lymphadenopathy syndrome (group III) at the in- ` 


dex delivery were alive 3 years later. Lymphadenopathy 
syndrome was a significant prognostic factor for pro- 
gression to AIDS in this study, in contrast to HIV- 
infected hemophiliacs? and homosexual men,” in 
whom no correlation was found between the presence 
of lymphadenopathy and progression to AIDS. 

The most common AIDS diagnosis in these predom- 
inantly Haitian women was Pneumocystis carini pneu- 
monia (36.7%), in contrast to a predominantly non- 
Hispanic white female population, in whom Candida 
esophagitis was most common *38%).” In male HIV- 
infected patients, Pneumocystis carina pneumonia is the 
most common AIDS-defining diagnosis.”' It is possible 
these discrepant observations are the result of different 
sample sizes. 

The most important laboratory marker for deter- 
mining the risk of progression to AIDS is the CD4- 
lymphocyte count.” * Pregnancy may accelerate the 
HIV-induced depletion of CD4 lymphocytes and in- 
crease the risk of progression to AIDS.” Initially, counts 
were not regularly obtained on all study patients but 
were ordered on the basis of clinical suspicion that pa- 
tients might require zidovudine and Pneumocystis carinii 
pneumonia prophylaxis. In 17 of 18 (94.4%) evaluable 
patients with AIDS, the counts were <200/mm’. In- 
sufficient serial counts were obtained to predict out- 
come or progression to AIDS, and therefore they were 
not a significant predictor of survival among the AIDS 
patients in our study. 

There is a paucity of data regarding survival of 
women with AIDS. Several studies report a lower me- 
dian survival of women (3.5 to 8.5 months) as compared 
with men (9.7 to 12.6 months), although the responsible 
factors are unknown.** 7 Carpenter et al., however, 
reported a longer median survival of 18.5 months in 
predominantly non-Hispanic white intravenous drug- 
abusing women, suggesting that ethnic background 
may be a surrogate marker for socioeconomic status 
and perhaps enhancing compliance with medical care 
and improving survival. 

In our cohort the median survival after the index 
delivery was 6.7 months (201 days). As expected, the 
cumulative probabilities of survival over time decreased 
within and between all groups and were statistically 
significantly different. By use of time-dependent co- 
variate methods, the development of AIDS and post- 
partum zidovudine therapy were predictors of survival. 

This study has limitations. First, our cohort did not 
represent a random sample of all HIV-infected preg- 
nant women. They were screered on the basis of cri- 
teria and were not selected from. a voluntarily screened 
population of women. Second, tae loss to follow-up was 
relatively high. It is possible that the patients experi- 
encing progressively worsening HIV-related illnesses 
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7 were more likely to have follow-up, whereas those re- 
‘maining healthy were more likely to be lost to follow- 


up. Thus, we may have overestimated progression and 
underestimated survival. Consequently, our data 
should be interpreted with caution. Third, immuno- 
logic studies were not obtained from each participant 
at standardized intervals relative to the index delivery. 
CD4-lymphocyte counts were not obtained at entry 
point. Finally, within our clinic population the control 
group of nonpregnant HIV-irfected women was not 
large enough for study of the impact of pregnancy on 
HIV infection. Nonpregnant gynecologic patients were 
not as likely to agree to HIV antibody testing in spite 
of admitted risk factors as were pregnant women. A 
prospective controlled cohort study to address this 
question is presently under wey at this institution. In 
spite of these limitations, our preliminary data reflect 
current knowledge about survival and disease pro- 
gression in HIV-infected women after an index preg- 
nancy, including the identification of some prognostic 
factors. Knowing what these factors are is important, 
not only in the understanding of the natural history of 
HIV infection in women but also in the design and 
analysis of future studies. 

In summary, both lymphaderopathy syndrome at the 
index delivery and herpes genitalis during pregnancy 
were significantly associated with a subsequent AIDS 
diagnosis. The most common opportunistic infection 
was Pneumocystis carinii pneumonia. Survival was af- 
fected by Centers for Disease Control group status of 
HIV infection at the index delivery. Our data support 
a lower median survival of women with AIDS as com- 
pared with men with AIDS. It is hoped that ongoing 
controlled cohort studies will confirm and refine these 
findings in other populations. 
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Enhanced follicle regulatory protein levels accompany 
reinitiation of ovulatory function after parturition 


Barry D. Aieraon PhD, Kathy E. Rodgers, PhD,” Thomas P. Tomai, MS,” 
Kathy Nolan-Watson, MD," Michael J. Zinaman, MD,“ and Gere S. DiZerega, MD* 


Washington, DC. and Los Angeles, California 


OBJECTIVES: We examined the changes in follicle regulatcry protein, estrone-3-glucuronide, 
pregnanediol-3-glucuronide, and luteinizing hormone levels in first-morning urine samples from postpartum, 
fully breast-feeding women to characterize the reemergence of these urinary hormones after pregnancy 
ovarian quiescence and early postpartum period and to determine whether follicle i asa, protein could 


be used prospectively to predict the return of fertility. 


STUDY DESIGN: Twenty-five hundred urine samples collected from six postpartum women were 
evaluated. Daily urine samples collected from normally cycling women were used to establish normal 
urinary hormone and hormone metabolite cyclicity. Luteinizing hormone, estrone-3-glucuronide, and 
pregnanediol-3-glucuronide levels were measured by radioimmunoassay. Follicle regulatory protein level 
was assayed with a double-antibody enzyme-linked immunosorbent assay. 

RESULTS: Although follicle regulatory protein levels were found to be very low or indeteetabie in 

early postpartum urine, they began to rise with episodes of estrone-3-glucuronide and 
pregnanediol-3-glucuronide secretion. A x? analysis suggests that increasing urinary follicle regulatory 
protein levels are most closely associated with the luteal phase of the first menstrual cycles in postpartum: 


women, 


CONCLUSIONS: These results suggest that follicle regulatory protein is of little vali in predicting either 
the onset of renewed ovarian activity or the fertile period. (Av J OpsteT GYNECOL 1992;167:158-62.) 


Key- words: Follicle regulatory protein,,. estrone-3- -glucuronide, pregnanediol- 3. se CUTOHIee: 


ovulatory function, luteinizing hormone 


Although increasing serum levels of estradiol and 
progesterone are hallmarks of the resumption of cyclic 


‘ovarian function after parturition, little is known about | 


ovarian protein secretion during and after the human 
puerperium. Several ovarian proteins have recently 
been described and are suspected’ to be involved in a 
variety of intraovarian regulations, including follicle 
development. emergence of the dominant follicle, reg- 
ulation of the corpus luteum, follicular and corpora 
luteal gonadotropin interactions, and steroidogenesis.' 
Among these are inhibin, activin, folliculostatin, oxv- 
tocin, gonadotropin-releasing hormone-—like peptide, 
and substance P. 
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A new peptide now included in this group, follicle 
regulatory protein, has been identified in sheep, cow, 
swine, horse, and human follicular fluid with the in- 
hibition of granulosa aromatase activity as the identi- 
fying bioassay.” The active components of these in- 
traspecies follicular fluid follicle regulatory proteins 
have similar molecular weights (15,000 d) and isoelec- 
tric points (pH ,7.4).° Follicle regulatory protein has 
been shown to demonstrate biochemical and biologic 


properties different from those of growth factors 


known to influence steroidogenesis, for example in- 
sulin-like growth factor-1, insulin-like growth factor-2, 
epidermal growth factor, transforming growth factor— 
a, and transforming growth factor—B.’° Follicle regu- 
latory protein is not toxic to granulosa cells in vitro, 
and its effect on granulosa steroidogenesis is reversi- 
ble.’° © Follicle regulatory protein has biologic prop- 
erties different from inhibin or folliculostatin because 
it does not inhibit the release of ollicle-stimulating hor- 
mone from rat pituicytes in vitro or in vivo. 

Levels of follicle regulatory protein were determined 
from the urine of regularly menstruating women, The 
nadir of follicle regulatory protein levels occurred dur- 
ing the early and midfollicular phase of the cycle, a 
time characterized by the largest number of nonatretic 


- follicles. Levels of follicle regulatory protein were 
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found to rise beginning in the late follicular phase and 
reached their zenith by the midluteal phase.’ 

However, little is known about the emergence of fol- 
licle regulatory protein production by the ovary after 
the ovary has been quiescent. In our study immuno- 
reactive urinary follicle regulatory protein, estrone-3- 
glucuronide (EG), pregnanediol-3-glucuronide (PDG), 
and luteinizing hormone (LH) were measured in con- 
secutive daily urine samples collected from postpartum 
women throughout the puerperium and the first few 
ovulatory menstrual cycles to determine when follicle 
regulatory protein levels begin to rise after parturition. 
Specifically the investigations were designed to deter- 
mine whether alterations in urinary follicle regulatory 
protein levels correspond with the return of follicular 
maturation and the emergence of the dominant follicle 
in breast-feeding women after parturition and whether 
changes in urinary follicle regulatory protein levels 
during the luteal phase correlated with the typical pat- 
terns of urinary steroid excretion. 


Material and methods 


Patient selection. Daily urine specimens were col- 
lected beginning at parturition and continuing for be- 
tween 170 and 400 days from six women who had pre- 
viously breast-fed. The women were between the ages 
of 25 and 30 years, and had been delivered of normal, 
healthy babies (Apgar scores at 5 minutes >8) at ges- 
tational ages between 39 and 42 weeks. First-morning 
urine samples were collected daily from the parturition 
through the months of full breast-feeding (i.e.. feeding 
on demand with no other food supplement) until three 
or four ovulatory menstrual cycles were achieved as 
documented by regular menses, normal elevations in 
urinary EG, PDG, and midcycle urinary LH surges. 

Hormone assays. Aliquots of 10 ml of the first-morn- 
ing urine sample were collected and stored at ~ 20° C 
until urinary creatinine or hormone assays were per- 
formed. EG and PDG levels were measured on all sam- 
ples by direct radioimmunoassay (RIA) by previously 
published methods.’** Urinary LH level was measured 
with a double-antibody RIA with reagents (Diagnostic 
Products Corporation, Los Angeles). Urinary hor- 
mones (EG and PDG) were normalized to urinary 
creatinine levels; creatinine was evaluated spectropho- 
tometrically by the method of Taussky.”' Follicle reg- 
ulatory protein was measured by enzyme-linked im- 
munosorbent assay” (ELISA) with a dual-epitope ap- 
proach. Both polyclonal and monoclonal antibodies 
were raised against follicle regulatory protein with suf- 
ficient specificity to allow validation of the ELISA with 
the sensitivity necessary to quantitate levels of follicle 
regulatory protein in complex biologic fluids, including 
urine.” A competitive immunoassay was subsequently 
developed with a murine monoclonal antibody to mea- 
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Table I. Cross-reactivity of follicle regulatory 
protein ELISA with growth factors and 
reproductive hormones 


Sample | Optical density 


Buffer 0.032 
FRP standard (500 ng/ml) 1.010 
FRP standard (100 ng/ml) 0.212 
Urine pool 0.913 
B-TGF 0.040 
IGF-1 0.038 
IGF-2 0.034 
a-FGF 0.041 
B-FGF 0.039 
EGF 0.046 
LH (porcine) 0.036 
FSH (porcine) 0.055 
Prolactin 0.031 
B-hCG 0.041 
Insulin 0.045 
Transferrin 0.038 
Bovine inhibin 0.035 


All proteins tested were used at a concentration of 100 
ng/ml. Antibody pair used in this validation assay were 
7H12F;,Hə/ (2 pg/ml) as the capture antibody, and biotinylated 
9D1E1G11/(15 ng/ml) as the detector antibody. FRP, Follicle 
regulatory protein; TGF, transforming growth factor; IGF, 
insulin-like growth factor; FGF, fibroblast growth factor; EGF, 
epidermal growth factor; FSH, follicle stimulating hormone; 
hCG, human chorionic gonadotropin. 


sure immunoreactive follicle regulatory protein in hu- 
man urine. Antibodies used in the follicle regulatory 
protein ELISA do not cross react with transforming 
growth factor-ßB, insulin-like growth factors, fibroblast 
growth factor, LH, follicle-stimulating hormone, pro- 
lactin, human chorionic gonadotropin, inhibin, insulin, 
or transferrin (Table I).” 

Urine from postmenopausal women and women 
during days 2 through 5 of the menstrual cycle had 
nondetectable levels of follicle regulatory protein (op- 
tical density <0.07). The immunoreactivity of follicle 
regulatory protein—spiked urine was 100% recoverable 
and diluted linearly. 

Urinary hormone levels in normally cycling 
women. Urinary levels of EG, PDG, LH, and follicle 
regulatory protein in normally cycling women are 
shown in Fig. 1. Hormone levels used as cutoff points 
for the postpartum women were derived from these 
data, and were EG > 40 ng/ml urine/mg creatinine; 
PDG > I pg/ml urine per milligram of creatinine; and 
FRP > 0.07 optical density units. Urinary LH peaks 
were determined to be ovulatory, if peak levels were 
fivefold the previous baseline measured during the 
early follicular phase. Moreover, PDG levels after the 
LH surge were required to be at least 1 ug/ml 
urine/mg creatinine during the luteal phase for 10 to 
12 days to further qualify that cycle to be considered 
ovulatory. i 

Data analysis. Urinary steroid metabolites and LH 
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Fig. 1. Mean (+ SE) urinary EG, PDG, FRP, and LH concen- 
trations. Data normalized to day 0. Intersecting line, Day of peak 
urinary LH EG, PDG, and LH = 60 cycles; FRP = 27 cycles. 
FRP, Follicle regulatory protein. 


levels are expressed as the ratio of the hormones to 
follicle regulatory protein (EG/follicle regulatory pro- 
tein, PDG/follicle regulatory protein, and LH/ follicle 
regulatory protein), and analyzed statistically with a 
2 XxX 2 x? analysis. - ; 


Results | 
The initial distribution of hormone levels by (1) EG, 


(2) PDG, and (3) follicle regulatory protein levels are | 


shown.in Fig. 2. Five hundred thirty-six urine samples 
from 26 cycles were found to have EG levels >40 
ng/ml/mg creatinine and 931 <40 ng/ml/mg creati- 
nine. When ‘individual urine EG. levels were >40 
ng/ml/mg creatinine, corresponding PDG levels were 
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- Table II. Follicle regulatory protein—urinarv 
steroid metabolite correlation 










Follicle 
regulatory protein 


Parameters positivel negative (%) 
EG < 40 ng (n = 931) 25 
EG > 40 ng (n = 536) 30 
PDG < I pg (n = 1124) - 19 
PDG > I pg (n = 343) 64* 
EG < 40 ng/PDG < | pg ae 
(n = 836) 
EG < 40 ng/PDG > I pg 67* 
. (n= 95) 
EG>40ng/PDG<lypg . g 1] 
(n = 288) l 
EG > 40 ng/PDG > 1 pg 61* 
(n = 248) ; l 


*p< 0.01. 


Table III. Urine samples collected after 
reinitiation of folliculogenesis 
(EDG > 40 ng/ml) 

















>I pg/ml <I pg/ml 
Subject FRP |. FRP FRP FRP ` 
positive negative positive negative 


I 12 7 4 15 
2 36 8 0 2 
3 17 38 4 32 
4 7 25 10 78 
5 15 4] 6 77 
6 8 34 5 55 
TOTAL 95 153 29 259 


FRP, Follicle regulatory protein. 


equally distributed as <l pg/ml/mg creatinine 
(n = 288) or >1 ug/ml/mg creatinine (n = 248). Fol- 
licle regulatory protein values are reported as negative 
or positive on the basis of previous menstrual cycle 
data and were found to be negative in most of the 


- urine samples measured regardless of the EG or PDG 


levels found in the urine. However, the ratio of positive 
to negative follicle regulatory protein in different 
groups (Table II) suggests that there is a statistically 
significant (p < 0.01) fourfold to fivefold increased 
chance of finding elevated follicle regulatory protein 
levels in urine samples that have elevated PDG (>1 
wg/ml/mg creatinine) than fer low PDG. 

Individual subject distribution for this finding is 
shown in Table III in urine samples collected after the 
reinitiation of folliculogenesis, defined as EG levels 


. being >40 ng/ml. Two of the six subjects had elevated 


follicle regulatory protein levels in the majority of urine 


“samples with high PDG and high EG; four of the six 


did not. Positive follicle regulatory protein to negative 


1 
Tf 
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Number | 
ESTRONE - 3 - GLUCURONIDE 
> 40 ng/mi | < 40 ng/mi 
536 931 
PREGNANEDIOL — 3 — GLUCURONIDE 
> 1 pg/ml <1 g/m! > 1 ug/ml <1 pg/ml 
248 288 95 836 
FRP FRP 
+|- +] - + | — +] — 
95 153 29 259 38 57 147 689 


Fig. 2. Distribution of postpartum urine specimens by inital EG, PDG, and FRP levels (n = 1467). 


FRP, Follicle regulatory protein. 


follicle regulatory protein values were approximately 


six times higher when PDG levels were elevated 
(95/153) than when PDG levels were low (29/259). 

When the luteal phase was divided into segments 
comprising the first half (days 14 through 21), middle 
third (days 18 through 25), and last half (days 21 
through 28) in those cycles that had clear LH surges, 
follicle regulatory protein levels mimicked or paralleled 
PDG levels in terms of rising and falling concentrations 
and seemed to be highest in the second half of the cycle 
in all six subjects (Table IV). 


Comment 


Although follicle regulatory protein has been shown 
to be a product of the granulosa cell, the physiologic 
role of this 15,000-molecular-weight peptide has yet to 
be elucidated. Investigators have speculated that follicle 
regulatory protein may be involved in the regulation 


of folliculogenesis, either in the selection of the dom- 


inant follicle or possibly retaining smaller follicles in 
the cohort ready for future ovulation. Because follicle 
regulatory protein possesses aromatase inhibiting ac- 
tivity, its role in regulating steroid hormone pro- 
duction or steroidogenesis during either the follicular 


or luteal phase of the menstrual cycle has been sug- 


gested." 3-5, 9, 1] 
From the data presented here it appears that urinary 
follicle regulatory protein levels do not predict either 
5 y P P 
imminent fertile cycles or ovulation, per say, in post- 
partum women returning to full ovarian activity during 
breast feeding. It does appear that follicle regulator 
8 PP 8 y 


protein is a marker of the luteal phase and may have 


a role in corpora luteal function. The close association 
of elevated follicle regulatory protein levels and high 
PDG concentrations in the urine may be related in a 


Table IV. Integrated area (arbitrary units) of 
urinary hormones measured after LH 
surge (i.e., luteal phase with PDG > 


~ l pg/ml/mg creatinine) 






Subject No. 


No. of cycles 4 5 5 4 4 4 
PDG 
First half 107 162 179 82 108 194 


(days 14-21) l 

Middle third 219 244 187 163 142 399 
(days 18-25) 

Second half 240 282 129 120 107 239 
(days 21-28) 

Follicle regulatory 

protein 

First half 68 95 42 17 ` 9 22 
(days 14-21) 

Middle third 73 98 64 20 16 39 
(days 18-25) 

Second half 79 103 63 21 6] 50 
(days 21-28) 


cause-effect manner, however, verification of this re- 
lationship will require further investigation. 

The changing pattern of inhibin levels in the normal 
menstrual cycle have been shown to be quite similar to 
that of follicle regulatory protein,’ " suggesting that 
these intraovarian peptides may also be regulated in a 
similar fashion. Other ovarian peptides such as follis- 
tatin have been shown to fluctuate during the menstural 
cycle in ways not dissimilar to follicle regulatory protein 
and may themselves participate in the regulation of 
ovarian function. Whether these peptides affect any of 
the multitude of events that define endocrine physio- 
logic characteristics in the follicular phase of the men- 
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strual cycle will be shown only by further investigations 
and improved quantitative assays for these hor- 
mones. 

Postpartum women offered a unique biologic model 
for investigating ovarian physiologic characteristics and 
regulation in that ovarian function has essentially been 
turned off for a period of many months during ges- 
tation and breast-feeding. Ovarian function reemerg- 
ence as an endocrine organ (either of primary or sec- 
ondary function) after this quiescent period can pro- 
vide important insight into the regulation of ovarian 
hormone production. Our studies suggest that the ova- 
ries of postpartum women produce increasing amounts 
of follicle regulatory protein in a fashion not unlike 
other ovarian hormones, particularly steroids and most 
probably other ovarian peptides. These data further 
support the contention that follicle regulatory protein 
is a marker of the corpus luteum rather than of the 
emerging dominant follicle and may have a primary 
role in the regulation of corpus luteum formation and 
function. Whether urinary levels of follicle regulatory 
protein may be used to predict the return of repro- 
ductive function in postpartum, breast-feeding women 
remains to be shown, although from these studies these 
levels appear to have a very limited usefulness in this 
regard. Our data suggest that follicle regulatory protein 
appears to be temporally associated with the luteal 
phase of the menstrual cycle in postpartum, breasi- 
feeding women and may be an important marker of 
luteal phase dysfunctions and pathologic conditions. 
However, urinary follicle regulatory protein levels of- 
ten become measurable during the midfollicular phase 
in women; this measurability should stimulate investi- 
gators to look more closely at this intraovarian regulator 
and its role in folliculogenesis. 


We thank Ms. Vicky Tyson for her customary ex- 
cellence in performing the steroid metabolite RIAs. 
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Immunolocalization of the vasoconstrictor endothelin in human 


endometrium during the menstrual cycle and in umbilical cord 


at birth 


Lois A. Salamonsen, PhD,* Anna R. Butt,* Anne M. Macpherson, BSc(Hons.),” 


Peter A.W. Rogers, PhD,” and Jock K. Findlay, PhD* 


Clayton, and Victoria, Australia 


OBJECTIVE: Our objective was to determine the localization of immunoreactive endothelin in human 
cyclic endometrium and in umbilical cord during normal delivery and after cesarean section. 

STUDY DESIGN: Fixed dated endometrial tissue (n = 41) and umbilical cord (n = 6) were subjected to 
immunohistochemistry with an antiserum cross reacting with endothelin-1, -2 and -3. 

RESULTS: Low levels of stromal endometrial staining were seen throughout the cycle. The strongest 
staining was in luminal epithelium throughout the secretory phase and in glandular epithelium in the 
late-secretory phase. In umbilical cord the most intense immunoreactivity was present on the amnion cells 
on the outer cord, with some staining in intermittent cells in the Wharton's jelly and in umbilical vein cells. 
No differences were detected between cord from normal delivery or cesarean section. 

CONCLUSION: A paracrine role is suggested for endothelin in regulation of endometrial function and a 
role in vasoconstriction in the umbilical cord at birth. (Am J OpsteT GYNECOL 1992;167:163-7.) 


Key words: Endothelin, endometrium, menstrual cycle, umbilical cord, cesarean section 


It is well established that the endometrium is a target 
tissue for the actions of ovarian estradiol and proges- 
terone, which are responsible for its growth and dif- 
ferentiation in preparation for implantation. More re- 
cent is the concept of paracrine and autocrine regu- 
lation of endometrial function, and a number of factors 
acting locally within the endometrium have now been 
described.’ ? It has been postulated that the recently 
discovered peptide endothelin may also be a paracrine 
factor in the endometrium.* Endothelin was originally 
identified as a product of endothelial cells, which had 
a paracrine action on vascular smooth muscle,’ but it 
is now also known to be a product of certain types of 
epithelial cells. Immunoreactive endothelin has been 
described in epithelial cells of the kidney,’ rat and 
mouse trachea,®’ and human lung * and in rabbit en- 
dometrium.’ In addition, avascular human amnion cells 
express endothelin messenger ribonucleic acid." 

In the endometrium of immature rabbits, endothelin 
immunoreactivity is present in the epithelial cells, but 
is limited to endometrial stromal cells after treatment 
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with sex steroids.” Moreover, specific binding sites for 
endothelin have been demonstrated on both luminal 
and glandular epithelium of human endometrium." 

Umbilical cord is also a potential site of endothelin 
production. Concentrations of immunoreactive en- 
dothelin are increased in umbilical artery and vein and 
in amniotic fluid at term.'* '* The endothelial lining of 
umbilical veins stains positively with an antibody to en- 
dothelin,'* and these cells release endothelin in cul- 
ture. Moreover, endothelin is a potent constrictor of 
umbilical vessels in vitro.'' What has not been shown is 
whether the umbilical vein is the only source of en- 
dothelin in the cord and whether there are differences 
between cord at normal delivery and at cesarean 
section. 

This study was therefore designed to determine by 
immunohistochemistry the localization of endothelin in 
human endometrium throughout the menstrual cycle 
of apparently normal women. In addition, the sites of 
immunoreactive endothelin in umbilical cord samples 
taken at normal delivery and at cesarean section were 
defined. 


Material and methods 


Endometrial tissue was obtained at curettage from 
41 women (ages 22 to 43 years) undergoing examina- 
tion for infertility and with no apparent endometrial 
dysfunction, who gave their informed consent for col- 
lection of the tissue. All tissue collections were approved 
by the Human Ethics Committee at the Epworth Hos- 
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Fig. 1. Immunostaining of endothelin in human endometrium. A, Secretory phase endometrium 
(day 22). B, Proliferative phase tissue after incubation with monensin. C, Secretory phase endometrial 
gland after incubation with monensin. (Original magnification: A and B x 10; C x20.) 


Table I. Distribution and relative intensity of positive immunoreactivity for endothelin in human 


endometrial tissue throughout menstrual cycle 








(w= 2) 
Glandular epithelium l 0 
Luminal epithelium NA 0-1 
Stroma 1 l 


Proliferative 
















Midsecretory 
(n = 16) 


Late secretory 
(n = 6) 


Early secretory 
(n = 9) 





2 
2 2 2 
l 





NA, Not available. Intensity of staining in each compartment was scored as negative (0), low (1), moderate (2), or intense (3), 
related to a positive control sample repeated in all runs. One section from each sample was scored after comparison with its own 
negative control. Within each group, mean intensity was quantitated by adding the scores and dividing by the number of sections. 


pital. A small piece of tissue was taken for routine 
pathologic studies and endometrial dating, and the rest 
was immersed in phosphate-buffered formalin (pH 7.4) 
for 16 to 18 hours before washing in phosphate-buff- 
ered saline solution and embedding in wax. Tissues 
were allocated to four treatment groups: proliferative 
(n = 9), early secretory (n = 9), midsecretory (n = 16), 
and late secretory (n = 6). In addition, one menstrual 
stage sample was obtained. Some tissues were divided 
in two, one half being fixed immediately and the other 
incubated for 16 hours at 37° C in medium 199 (Flow 


Laboratories, North Ryde, Australia) containing 5 
mol/L monensin (Sigma Chemical Co., St Louis) be- 
fore fixation. 

Umbilical cord was obtained either at normal, term 
vaginal delivery (n = 3) or at cesarean section (n = 3) 
and fixed similarly. 

A polyclonal antiserum against endothelin was ob- 
tained from Cambridge Research Biochemicals (North- 
wich, England) and used at a dilution of 1:2000. This 
antiserum was developed against endothelin-1 but cross 
reacts with both endothelin-2 and endothelin-3. Anti- 
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Fig. 2. Immunostaining of endothelin in umbilical cord. A, Outer surface of cord showing positive 
immunostaining for endothelin in amnion cells and in intermittent cells in Wharton’s jelly. B, Positive 
staining for endothelin in endothelial cells in umbilical vein. (Original magnification X 10.) 


serum against leukocyte common antigen was pur- 
chased from Dakopatts A/S, Glostrup, Denmark, and 
used at a final dilution of 1:100. 

Samples were randomized for processing in batches 
with a section from a standard secretory phase endo- 
metrial sample being included with each batch as a 
positive control and for confirmation of reproducibility 
between batches. Three separate sections from each 
sample were processed, one with primary antiserum, 
one with normal rabbit serum (at the same dilution as 
the primary antiserum) and one separately stained with 
hematoxylin and eosin to establish morphologic fea- 
tures. Some additional samples were treated with anti- 
serum that had been preincubated with an excess of 
endothelin-1 (Peninsula Laboratories, Belmont, Calif.). 
Immunohistochemical examination used the Strep- 
AviGen supersensitive kit (Bio Genex Laboratories, San 
Ramon, Calif.) with the supersensitive alkaline phos- 
phatase system with fast red chromagen substrate and 
0.65 mg/ml levamisole (Sigma). Reaction with primary 
antiserum or normal rabbit serum was for 30 minutes 
at 22° C. Stained sections were mounted in aqueous 
mountant and examined under an Olympus (Tokyo) 
BH2 microscope by two observers. Intensity of positive 
staining was given a score of 0 (negative), 1 (low), 
2 (moderate), or 3 (strongly positive) for each cell type 
within each section. In a small number of sections (8%) 
luminal epithelium was not available for scoring. Mean 
scores within a treatment group were obtained by add- 
ing individual scores and dividing by the number of 
sections. 


Results 


Endometrial samples. Positive immunostaining for 
endothelin was observed in all endometrial tissues and 
-is summarized in Table I. Low levels of immunoreac- 
tivity were observed in endometrial stroma in all tissues; 


this did not vary with the stage of the menstrual cycle, 
although there was considerable variation between in- 
dividuals. The strongest staining was seen in luminal 
epithelium throughout the secretory phase but little 
staining was seen in this compartment during the pro- 


_ liferative phase. No immunoreactive endothelin was 


detected in glandular epithelium in the proliferative 
phase, but it was present throughout the secretory 
phase with the greatest intensity of staining occurring 
late in the cycle (Fig. 1, A). Staining was absent in sec- 
tions treated with normal rabbit serum in place of anti- 
serum or when antiserum was preadsorbed with en- 
dothelin-1. After treatment with monensin, there was 
a marked accumulation of immunoreactive endothelin 
in some of the cells, particularly in endothelial cells ( Fig. 
1, B) and in the glandular epithelium in secretory phase 
samples (Fig. 1, C). In the control secretory phase tissue 
processed in every batch, staining was very consistent 
throughout the period of the study. Regional differ- 
ences within any individual tissues were small and less 
than differences between tissues within a group. 

Umbilical cord. In sections from all subjects the most 
intense immunostaining for endothelin was apparent 
in the amnion cells on the outer surface of the cord 
(Fig. 2, A). This was consistent in all samples examined. 
In addition, there was staining of intermittent cells in 
the Wharton’s jelly below the amnion (Fig. 2, A). These 
cells have not been positively identified, but it is unlikely 
that they are cells of hemopoietic origin, because they 
did not stain positively with antiserum to leukocyte 
common antigen. In addition, endothelial cells lining 
the umbilical vein stained positively for endothelin in 
five of six samples (Fig. 2, B), and in one sample some 
staining was apparent in cells lining the umbilical ar- 
tery. No differences were observed between samples 
of cord obtained at normal delivery or at cesarean 
section. 
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Comment 


The presence of immunoreactive endothelin has 
been demonstrated in both stromal and epithelial cells 
of the human endometrium. The cyclic nature of its 
localization in both luminal and glandular epithelium 
suggests differential regulation, possibly by ovarian ste- 
roids, in these cells but not in the stromal cells. These 
studies confirm and extend the preliminary findings of 
van Papendorp et al.,'° who described immunoreactive 
endothelin localized to endometrial glands and most 
intense at the endometrial-myometrial junction. In 
their study all gland cells were said to be stained in 
secretory tissue, but there was a more heterogeneous 
picture in the proliferative phase. However, they did 
not describe staining in the endometrial stroma, this 
being a consistent finding in the large number of tissues 
in our study. Differences between the studies may be 
explained by the much longer delay between tissue col- 
lection and fixation for hysterectomy samples and those 
collected by curettage. In a detailed study with rabbit 
uterus, Maggi et al.” showed intense immunoreactivity 
for endothelin in the endometrial epithelium of im- 
mature rabbits. After treatment with 17B-estradiol, ei- 
ther with or without progesterone, endothelin was de- 
tected only in the uterine stroma. This contrasts with 
the situation described here in human endometrium, 
which suggests that progesterone administration after 
estrogen priming is necessary for the expression of en- 
dothelin in the epithelial cells. 

To our knowledge the only other reported immu- 
nolocalization of endothelin in the umbilical cord is that 
of Haegerstraand et al.,'* who demonstrated positive 
staining in the endothelial lining of umbilical veins. As 
in the current study staining was weak in umbilical ar- 
teries. However, they did not examine other parts of 
the cord, although they suggested that other origins of 
umbilical blood endothelin should be considered. Given 
the relative intensities of immunoreactive endothelin 
in amnion cells and in endothelial cells, we would sug- 
gest the former as a major source of endothelin in the 
cord. The nature of the other cells in the Wharton's 
jelly that contain immunoreactive endothelin remains 
unknown. We originally postulated that they may be 
macrophages because messenger ribonucleic acid for 
endothelin-1 has been demonstrated in macrophages." 
However, these cells did not show positive immuno- 
staining with the antibody to leukocyte common anti- 
gen. Wharton’s jelly, a mucomyxoid tissue rich in muco- 
polysaccharides in which are embedded collagen fibers, 
mast cells, and large flat stellate cells, has as its known 
function mechanical protection of the umbilical vessels 
from trauma. However, the tissue is metabolically very 
active and may well have other important functions. 

No differences in immunoreactive endothelin were 
demonstrated between cord obtained at normal deliv- 
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ery or at cesarean section; this is consistent with data 
that neonates delivered by elective cesarean section had 
similar endothelin levels in blood and amniotic fluid as 
that measured after normal delivery.” A possible func- 
tion for endothelin at birth may be a contribution to 
the fetal hemodynamic changes. Indeed, human um- 
bilical vein smooth muscle cells possess specific binding 
sites for endothelin, and endothelin is a potent con- 
strictor of umbilical vessels in vitro." 

The finding of endothelin-like immunoreactivity in 
cells does not necessarily imply synthesis of the peptide. 
Alternative explanations are uptake by the epithelial 
cells or cross-reactivity of antibodies with similar epi- 
topes in other as yet undefined molecules. In cultured 
endothelial cells endothelin, like many other peptide 
hormones, is specifically localized in the rough endo- 
plasmic reticulum, Golgi cisternae, and Golgi vesicles.'* 
Therefore it was expected that if processing is by the 
same route in the endometrium, incubation of endo- 
metrial tissue with the ionophore monensin (which 
blocks intracellular transport of protein at the level of 
the Golgi apparatus*’) would cause accumulation of en- 
dothelin in the cells in which it is synthesized. Dem- 
onstrauon of such accumulation in epithelial cells 
supports the supposition that endothelin is indeed 
synthesized in these cells. Production of endothelin 
by endometrial cells has recently been measured (Sal- 
amonsen LA. Unpublished observations) but the pres- 
ence of specific messenger ribonucleic acid in endo- 
metrial tissue remains to be demonstrated. 

Other questions of fundamental importance also re- 
main to be answered. It has not yet been demonstrated 
whether there is any structural or functional difference 
between endothelin of epithelial compared with that of 
endothelial cell origin. If endothelin is produced by 
endometrial cells, does it act locally and on which cells? 
Biologically active receptors for endothelin are present 
on rabbit myometrium, these being increased by estro- 
gen and decreased by progesterone,’ but endometrial 
binding was not examined. In the human endothelin 
promotes contraction frequency in myometrium”*' and 
in the endometrium specific binding sites are present 
on glandular epithelium and on vascular endothelium 
at the endometrial-myometrial junction."’ It has re- 
cently been reported” that endothelin increased pros- 
taglandin release from explants of human endome- 
trium, although this action requires confirmation. Thus 
the possibility exists for paracrine activity of endothelin 
in the uterus. A number of actions have now been de- 
scribed for endothelin in addition to its originally de- 
scribed function of vasoconstriction. These include mi- 
togenic actions on smooth muscle,” bronchoconstric- 


tion,* and modulation of autonomic transmission.” 
Possible uterine functions include regulation of endo- 


metrial bleeding, vasoactivity associated with implan- 


Volume 167 
Number 1 


tation, mitogenesis, or regulation of secretion of other 
biologically active molecules. 


In conclusion, immunoreactive endothelin has been 


localized in both human endometrium and umbilical 
cord. Accumulation of immunoreactivity after incu- 
bation of endometrial tissue with monensin suggests 
local synthesis of the peptide. An understanding of the 
means by which endothelin synthesis is regulated and 
of its local functions awaits further studies. 


We thank Dr. Gabor Kovacs and the staff of the op- | 


erating theater of the Infertility Service at Epworth 
Hospital for supplying the tissue and Dr. Andrew Ostor 
for dating the endometrial samples. 
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Reduced platelet tritium-labeled imipramine binding sites in 
women with premenstrual syndrome | 


John F. Steege, MD, Anna L. Stout, PhD,*”* David L. Knight, B BS, and | 


Charles B. Nemeroff, MD, PhD“? 


Durham, North Carolina 


OBJECTIVE: We studied the possible role of serotonergic systems in the cause of premenstrual affective 


symptoms. 


STUDY DESIGN: The binding of tritiur-!abeled imipramine to platelets is thought to parallel central 
nervous system binding and to indicate serotonergic activity. V/e measured platelet tritium-labeled 
imipramine binding sites in the follicular and luteal phases in 12 controls and in 9 women with 
well-documented late luteal phase dysphoric disorder. In statistical analyses we used repeated measures 
analysis of variance, with Student~Newman-Keuls and Duncan’s one-tailed t tests, and Pearson's r. 
RESULTS: The values of subjects with late luteal phase dyspforic disorder were lower than those of 
controls (F [1,39] = 5.13, p = 0.03). Both follicular and luteal phase levels were lower in subjects with late 
luteal phase dysphoric disorder but reached statistical significance only in the follicular phase. 
CONCLUSION: Lower platelet tritium-labeled imipramine binding in women with late luteal phase 
dysphoric disorder supports the hypothesis that alteration of central serotonergic systems may contribute 
to premenstrual dysphoric symptoms. (Am J Osstet GyNeco. 1392;167:168-72.) 


Key words: Late luteal phase dysphoric disorder, premenstrual syndrome, depression, 


tritium-labeled imiprimine binding 


The premenstrual occurrence of a variety of physical 
and emotional symptoms has been termed premen- 
strual syndrome (PMS) or, when affective symptoms 
are emphasized, late luteal phase dysphoric disorder.’ 
Although epidemiologic and clinical evidence demon- 
strate significant psychiatric comorbidity in PMS and 
late luteal phase dysphoric disorder,’ studies of putative 
biochemical markers of depression such as the dexa- 
methasone suppression test? and the thyrotropin-re- 
leasing hormone stimulation test’ kave not revealed 
consistent deviations from normal values in women 
with PMS. 

Platelet tritium-labeled imiprimine binding sites, 
which are believed to represent receptor sites that label 
the presynaptic serotonin transporter on the presyn- 
aptic nerve terminal, are lower in number in drug-free 
depressed patients during acute depressive episodes 
than they are in controls.® There is seme evidence that 
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the number of these sites returns to normal several 
months after clinical remission of depression, response 
to psychotropic medication, or electroconvulsive ther- 
apy.’ This platelet binding site has, therefore, been de- 
scribed as a state marker.® Because the affective state 
changes in a predictable fashion in late luteal phase 
dysphoric disorder, this disorder provides a model for 
the investigation of platelet [ H]imipramine binding 
sites and their association with depression. 

This study investigated the number and affinity of 
platelet [>H]imipramine binding sites across the men- 
strual cycle in women without clinical affective disorder 
who fulfilled criteria for late luteal phase dysphoric 
disorder. 


Material and methods 


Twenty-three women aged 24 to 42 (mean 
32.2 + 6.0 SD) were recruited by advertisement and 
word of mouth to participate in a study of cardiovas- 
cular and neuroendocrine reactivity across the men- 
strual cycle. Subjects with late luteal phase dysphoric 
disorder and controls were of equivalent parity 
(mean + SD 0.63 + 0.98 for all subjects, range 0 to 2), 
and all were within + 15% of ideal body weight. Women 
with late luteal phase dysphoric cisorder reported 
symptoms for 3 to 11 years (mean + SD 5.7 + 2.8) and 
participated in the study primarily to obtain free eval- 
uation for their premenstrual symptoms. Subjects gave 
informed consent under a protocol approved by the 
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institutional review board and were paid for their par- 
ticipation. l 

All subjects completed the Premenstrual Assessment 
Form? as a screening instrument and then completed 
prospective symptom charting over two consecutive 
menstrual cycles. Twelve women were designated 
asymptomatic controls, and nine met the DSM-IIIR 
criteria’ for late luteal phase dysphoric disorder. A 
symptom was scored as present and cyclic if it was rated 
at =2 on a six-point ordinal scale throughout the post- 
menstrual follicular phase of the menstrual cycle and 
was present at moderate or severe levels (a score of =4) 
during at least 4 days of the premenstrual week. During 
baseline cycles, ovulation was detected by basal body 
temperature recordings. During cycles in which labo- 
ratory sessions took place, ovulation was documented 
by the Q-test (Becton Dickinson, Franklin Lakes, N.].). 

A total of 142 subjects were screened. All subjects 
met the following additional inclusion criteria: a normal 
Minnesota Multiphasic Personality Inventory profile, 
which was completed during the follicular phase; ab- 
sence of Axis I diagnosis on the Structured Clinical 
Interview for the DSM-III-R": a normal folhcular 
phase Beck Depression Inventory score’'; the absence 
of serious medical illness such as thyroid dysfunction; 
ingestion of no psychotropic, hormonal, or other med- 
ications; and a menstrual cycle length of 24 to 32 days. 
All subjects had normal complete physical and gyne- 
cologic examinations and normal laboratory studies, 
including complete blood counts, urinalysis, and thy- 
roid-stimulating hormone and free thyroxine eval- 
uations. 

Subjects completed two laboratory sessions in the fol- 
licular and luteal phases of the menstrual cycle in coun- 
terbalanced order. Relative to the day of ovulation, cy- 
cle days of the laboratory studies were similar for con- 
trol subjects and those with late luteal phase dysphoric 
disorder (follicular: control —5.1 + 1.8 vs late luteal 
phase dysphoric disorder — 6.2 + 2.2, NS; Luteal: con- 
trol 9.6 + 2.4 vs late luteal phase dysphoric disorder 
8.7 + 1.5, NS). All sessions began between 1:30 and 3 
pM. Each session lasted approximately 75 minutes, dur- 
ing which subjects were exposed to various stressors. 
At the beginning and end of each session, 35 ml of 
blood was drawn into evacuated glass tubes containing 
2 ml of acid citrate-dextrose solution, which served as 
an anticoagulant. Platelet-rich plasma was obtained by 
centrifugation at 100g for 2 minutes; centrifugation 
was repeated three times. The platelet-rich plasma was 
then centrifuged (16,000g for 10 minutes at 4° C), and 
the resulting platelet-rich pellet was suspended in 50 
mmol of Tris buffer (pH 7.5 at 4° C) containing 150 
mmol of sodium chloride and 20 mmol of ethylene- 
diaminetetraacetic acid by means of a Polytron ho- 
mogenization medium probe (Polytron, Brinkmann In- 
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| struments, Westbury, N.Y.) at setting of 4 for 10 to 15 


seconds. After centrifugation at 39,000g for 10 min- 
utes, membranes were prepared by hypotonic lysis in 
5 mmol Tris (pH 7.5), containing 5 mmol ethylenedi- 
aminetetraacetic acid and were then homogenized and 
centrifuged at 39,000g for 10 minutes. The superna- 
tant was discarded, and the pellet was washed by re- 
suspension in 70 mmol Tris (pH 7.5) and was centri- 
fuged again at 39,000g for 10 minutes. The washed 
pellet was finally resuspended in the assay buffer, which 
consisted of 50 mmol Tris (pH 7.5 at 4° C) containing 
120 mmol of sodium chloride and 5 mmol of potassium 
chloride. Aliquois were taken for protein determina- 
tion. Platelets were then frozen at 70° C until they were 
used for the binding assay. 

Platelet [*H]imipramine binding was conducted with 
a modification of the procedure of Nemeroff et al.” In 
each sample, total binding was assayed at seven differ- 
ent concentrations (0.25 nmol to 8 nmol) of 
["H]imipramine (specific activity 45.4 Ci/mmol); the 
dissociation constant (K4) is approximately 1 nmol. 
Each assay tube (all concentrations were measured in 
triplicate) contained approximately 100 yg of platelet 
protein, and the final assay volume was 250 mm’. Tubes 
were incubated with the radiolabel for 60 minutes on 
ice. The reaction was terminated by addition of 5 ml 
of ice-cold assay buffer, and bound radioactivity was 
collected by filtration under vacuum over glass fiber 
filters presoaked for 3 hours in buffer. The filters were 
then washed three times with 5 ml of ice-cold assay 
buffer, and bound radioactivity was collected by filtra- 
tion under vacuum over glass fiber filters presoaked 
for 3 hours in buffer. The filters were then washed 
three times with 5 ml of ice-cold assay buffer. Nonspe- 
cific binding was defined as binding persisting in the 
presence of 109 umol of desipramine. Specific binding 
represented 80% of total binding, which was less than 
5% of the total counts added. Scatchard analysis was 
used to obtain the maximum binding and K, for 
[>H]imipramine. Linear regression of Scatchard plots 
was used to determine the correlation coefficient r. As- 
says with r < 0.90 were excluded. The interassay co- 
efficients of variation were 10% for maximum binding 
and 5% for K,. 

Comparison of the first and second assays of imip- 
ramine binding sites in each laboratory session was per- 
formed by paired Student ¢ test. The Student—New- 
man-Keuls test was used to compare pooled [*H]imip- 
ramine level results from controls with those from 
subjects with late luteal phase dysphoric disorder. Re- 
peated measures analysis of variance was used to mea- 
sure group (control vs late luteal phase dysphoric dis- 
order) X time (follicular vs luteal) interactions. Anal- 
yses of variance with Duncan’s one-tailed ¢ tests were 
used to compare results from both groups within one 
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Fig. 1. {[*H]Imipramine binding sites in controls and women with premenstrual syndrome by men- 
strual cycle phase. Bars, means; shaded areas, + 1 SEM. Only paired data points were used for statistical 


analysis. 


cycle phase. Pearson’s r was used to measure the cor- 
relation between luteal platelet binding site density and 
Beck Depression Inventory scores from baseline cycles. 
The p < 0.05 level of significance was used. 


Results 


Control subjects had, as expecced, normal Beck 
Depression Inventory scores the follicular 
(1.0 + 1.2, mean + SD) and luteal (2.4 + 3.2, 
mean + SD) phases of a baseline charting cycle. PMS 
subjects were normal in the follicular phase but were 
significantly depressed in the luteal phase; this was 
demonstrated by increased Beck Depression Inventory 
scores (2.1 + 2.90 vs 17.1 + 10.0, p < 0.001). Four of 
the nine PMS subjects had luteal phase Beck scores in 
the clinically depressed range (> 16). 

The number of [°H]imipramine binding sites in sam- 
ples obtained before and after the laboratory sessions 
did not differ significantly. This attests to the stability 
of platelet binding site characteristics over short time 
intervals, i.e., test-retest reliability. The mean value for 


in 


each day was therefore used for subsequent analyses. 
For the analyses of variance, one subject was dropped 
from each group as a result of our inability to obtain 
samples in both menstrual cycle phases. 

When follicular and luteal phase values within each 
subject group were combined, platelet [*H]imipramine 
binding site density for PMS women was significantly 
lower than that of controls (800.2 + 237.8 vs 
981.4 = 258.5 fmol/gm_ protein [F(1,39) = 5.13, 
p = 0.03]). Repeated measures analysis of variance re- 
vealed a time effect at the trend level (F[1,17] = 2.57, 
p = 0.12), but no time X group effect. 

When platelet binding site number by cycle phase 
across subject groups was considered, (Fig. 1) women 


with PMS had lower maximum binding values than did 
controls in the follicular phase (744.8 + 247.6 vs 
963.0 + 240.9 fmol/gm protein) by analysis of variance 
(F[1,20] = 4.12, p = 0.057) and Duncan’s one-tailed 
t test (p < 0.05), but the two groups were not different 
in the luteal phase (862.4 + 225.4 vs 1006.3 + 284.2 
fmol/gm protein; F[1,18], p = 0.27, and p > 0.05, re- 
spectively). The increase in the number of 
[*“H]imipramine binding sites in platelets in PMS 
women from the follicular to the luteal phase was sta- 
tistically significant (750.5 + 264.1 vs 862.4 + 225.4 
fmol/gm protein, p < 0.05). 

Luteal phase Beck Depression Inventory scores were 
not correlated with either follicular or luteal platelet 
[*H]imipramine binding site density in PMS subjects. 


Comment 


This study documents lower numbers of platelet 
[*H]imipramine binding sites in women with well-doc- 
umented PMS who, in the follicular phase of the men- 
strual cycle, were clearly free of depression by stringent 
clinical and psychometric criteria. In results consistent 
with those of previous reports,'* '* asymptomatic 
women showed no influence of menstrual cycle phase 
on platelet [’H]imipramine binding. Subjects in the 
present study with late luteal phase dysphonic disorder 
had lower values in the follicular as opposed to the 
luteal phase. Rojansky et al.’ also noted differences in 
[*H]imipramine binding in controls as opposed to 
women with “premenstrual changes.” but they noted 
lower maximum binding values in early versus late lu- 
teal phase samples from symptomatic women. How- 
ever, they observed a significant cycle phase effect on 
maximum binding in controls, a change that was not 
observed in this study or in previous reports.'* "4 Their 
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subject population included some women with a life- 
time diagnosis of depression, but this study excluded 
those women. The large degree of variability in the 
assay results and the limited number of times of sam- 
pling may further account for these apparent discrep- 
ancies. 

The density of (°H]imipramine binding sites has been 
reported to be reduced in depressed patients in the 
majority of studies? and in scattered reports of a few 
possibly related conditions such as anorexia,'® agora- 
phobia,” and obsessive-compulsive disorder.'* The lat- 
ter two disorders are among those overrepresented in 
an epidemiologic study of psychiatric disease and pre- 
menstrual symptoms (Duke Epidemiologic Catchment 
Area Study. Unpublished data). The number of platelet 
("H}imipramine binding sites was about 18% lower in 
women with PMS than in controls; this was a smaller 
difference than the average 35% reduction seen in 
studies of depressed patients, which suggests that PMS 
may be a variant of depression modulated by the men- 
strual cycle. 

The observation of a strong trend toward reduced 
binding sites to the serotonin transporter in women 
with PMS during their asymptomatic times is of inter- 
est. Platelets have a mean life-span of 21 days. Because 
[*"H]imipramine binding sites are cell membrane char- 
acteristics of the anucleate platelet, they may be seen 
as evidence of synthetic events that occurred weeks ear- 
lier in the megakaryocyte. Low-follicular-phase density 
of the binding sites and the emotional state of the pre- 
ceding luteal phase may both be the results of luteal 
phase biosynthetic events. Although previous studies 
have shown that platelet [*H]imipramine binding sites 
return to normal after the clinical resolution of 
depression, most researchers have measured this 
change 1 to 2 months after clinical improvement has 
occurred.” '* '° PMS may indeed provide a viable model 
for the study of affective state change that may resem- 
ble an acute depressive episode. 

Sex hormones are well known to affect serotonergic 
systems. Pharmacologic doses of estrogen in rats”? and 
physiologic replacement doses (10 mg of estradiol val- 
erate monthly) in surgically menopausal women?! in- 
crease the number of these binding sites approximately 
20%. The time course of these changes is uncertain. In 
the latter study,” women given estrogen showed im- 
proved mood compared with that of their preoperative 
state, but controls failed to show any decline in mood 
while deprived of estrogen replacement. The precise 
relationship of estrogen levels to mood thus remains 
enigmatic with respect to both premenstrual and post- 
menopausal states. 

Previous studies of serotonergic mechanisms in PMS 
have yielded contradictory findings. Whole blood se- 
rotonin levels* ** and 5-hydroxytryptamine™ uptake 
are reported to be lower in premenstrual women with 


PH]Imipramine binding sites in PMS 171 


premenstrual syndrome, and the maximum volume of 
platelet serotonin uptake is reportedly decreased pre- 
menstrually as well.” Malmgren et al.,” in a study lim- 
ited by the absence of daily symptom ratings, compared 
women who had PMS with control subjects and found 
no effect of subject group or cycle phase on platelet 
serotonin uptake. 

The lack of correlation of a state measure of depres- 
sion (Beck Depression Inventory score) with the density 
of binding sites is consistent with reports of depressed 
patients in which psychometric measures of mood 
failed to correlate with this measure of presynaptic ser- 
otonergic function.’* The high level of variance in bind- 
ing site data in general makes it difficult to show such 
associations without studying large numbers of subjects 
and diminishes the potential clinical diagnostic value of 
this laboratory measure. 

This study provides impetus for the further inves- 
tigation of the dynamics of this presynaptic seroto- 
nergic binding site as a marker of affective state across 
the menstrual cycle and the relationship between pre- 
menstrual emotional changes and more continuous de- 
pressive disorders. | 
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The development of ultradian rhythms in the human fetus 
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OBJECTIVE: Our objective was to determine the normal sequence of neurobehavioral development in the 


human fetus between 14 weeks’ gestation and delivery. 


STUDY DESIGN: The study was performed by longitudinal ultrasonographic observation of 45 low-risk 


singleton fetuses. 


RESULTS: During the first half of the midtrimester there was a high rate of spontaneous movement that 
appeared randomly distributed. By the end of that trimester an increase in the duration of intervals of 
quiescence resulted i. activity appearing cyclically distributed, with the duration of quiet cycles 
progressively increasing to term. Fetal mouthing and breathing were linked with cyclic behavior from the 
time of their emergence. Fetal heart rate pattern A could be recognized from around 32 weeks, due to a 
reduction in baseline variability in quiet cycles after 30 weeks, whereas pattern B could be recognized 
several weeks earlier. From the time cyzlic behavior and heart rate patterns could be recognized, intervals 
of coincidence of the fetal behavioral state variables increased progressively with advancing gestation. (Am 


J Opstet GYNECOL 1992:167:172-7.) 
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The first half of pregnancy is characterized by rapid 
emergence of a wide variety of fetal movements of rel- 
atively high frequency but little neurologic organiza- 
tion.’ ? During the second half of pregnancy these 
movements become organized. Diurnal rhythms are 
not demonstrable at 13 weeks but have been reported 
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Fig. 1. Duration (mean and SD) of longest interval of complete quiescence during 100-minute 
longitudinal recordings between 14 weeks’ gestation and term. 


at 20 to 22 weeks,” 24 to 28 weeks,’ and during the 
last 10 weeks of pregnancy.’ All of these studies 
found peaks of fetal activity occurring in the late 
evening, in keeping with the commonly reported 
pattern of maternally perceived movements. These 
diurnal fluctuations are generally thought to be under 
maternal control, being related to diurnal fluctu- 
ations in maternal cortisol production® and inhibited 
by suppression of these fluctuations with exogenous 
steroids.’ 

More short-term, or ultradian, fluctuations In fetal 
activity also occur. In late pregnancy these are mani- 
fested as different behavioral states? that are very com- 
parable to behavioral states of the newborn infant.” The 
stability, close linkage, and simultaneous change of the 
conditions of the different behavioral state variables is 
present in healthy fetuses from around 36 weeks’ ges- 
tation. Before this, linkage of the variables is less con- 
sistent, but fluctuations in activity or rest-activity cycles 
are evident throughout the last trimester and some- 
times even earlier. 

The aims of the current study were to describe the 
development of these ultradian rhythms in the human 
fetus. 


Patients and methods 


A total of 21 primigravid and 24 multigravid women 
with no risk factors for fetal growth retardation, pre- 
term delivery, gestational diabetes, or hypertension was 
recruited for longitudinal study of multiple fetal vari- 
ables. Recordings began between 14 and 18 weeks’ ges- 
tation and were repeated monthly until delivery. 

Fetal diaphragmatic movements, limb, body, 
mouthing, and eye movements, were detected with 


real-time ultrasonography and recorded polygraphi- 
cally at a paper speed of 3 cm/min (Hewlett Packard 
7754A). The fetal heart rate (FHR) was also recorded 
ultrasonically with a standard FHR monitor (Hewlett 
Packard 8040A) with an output to the polygraph to 
allow synchronizing of all variables. During most of the 
second trimester recordings were made with a single 
scanner (Siemens Sonoline SLI with 3.5 MHz trans- 
ducer). However, in the last trimester two scanners were 
used, one giving a parasagittal view of the fetal face 
(Siemens Sonoline SL] with 3.5 MHz transducer) and 
the other a transverse view of the fetal abdomen (To- 
shiba SAL 20A with 2.4 MHZ transducer). Fetal eye, 
somatic, and mouthing movements; breathing; and hic- 
cups were recorded on separate channels of the poly- 
graph with multiple hand-held push buttons. 

Recordings were made with the patient in a com- 
fortable, semirecumbant position for which we found 
a Parker Knoll chair most suitable. Recordings began 
between 9 AM and 6 PM and continued for 90 to 100 
minutes. Within individuals, recordings were repeated 
at the same time of day and at the same interval after 
meals, and the small minority of mothers who smoked 
did not do so during the recording or for 2 hours before 
the recording. 

All participants were outpatients with no risk factors 
known to affect fetal behavior or breathing. The fol- 
lowing definitions were used: 


Rest-activily cycles: A relatively high base rate of fetal 
movements interrupted by periods of quiescence last- 
ing 26 minutes but which may be interrupted by a 
single startle. 


Behavioral states: Stable association of heart rate pattern 
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Fig. 2. Distribution of longest intervals of quiescence by gestational. age grouping. 


Quiescence. Before 28 weeks the longest intervals of 
quiescence were around 200 seconds (mean 191 to 271 
seconds), so that activity appeared randomly distrib- 


uted. with a high base rate of activity and. very. little 


quiescence. The longest interval cf complete quiescence. 
increased significantly (p < 0.001) with advancing ges- 


l tational age after 28`\weeks (Fig. 1).- 


The longest’ observed intervals of quiescence were, 
allocated to §-minute intervals between 0 to 5 and 35 


to 40 minutes (only one quiescent. interval lasted >40 
minutes). Within six different gestational age groups. 


the number of individuals’ with a particular interval of 
quiescénce was plotted (Fig. 2): Before 24 weeks the 
majority of longest . identifiable quiet intervals were <5 
minutes, whereas, after 32 weeks most quiet intervals 
were between 10 and 35 minutes. Although this clearly 
shows that fetal inactivity is gestional age dependent, 
evaluating only complete inactivity may not be an ap- 
propriate way to discriminate intervals of rest.and ac-_ 
tivity! In the newborn, quiet (non—rapid eye. move- 
ment) sleep. may. be interrupted by startles without. a 


“change of state occurring; we have therefore included 
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Fig. 3. Mean percentage coincidence 1F and 2F between 20 weeks’ gestation and term. 


quiet intervals interrupted by a single burst of move- 
ment in the fetus. 

Rest-activity cycles. With the arbitrary definition of 
6 minutes’ total quiescence or interrupted by a single 
burst of movement for the minimum duration of a rest 
cycle, rest-activity cycles were rarely observed before 
24 weeks, but by 29 weeks they were present in >80% 
of recordings. 

Behavioral states. Fixed and recurring associations 
of body movements, eye movements, and the FHR pat- 
tern into well-defined fetal behavioral states were first 
observed in one fetus at 33 weeks and were present in 
>80% of recordings after 36 weeks. We have previously 
drawn attention to the fact that fetuses demonstrating 
state behavior may not consistently complete state tran- 
sitions in a 3-minute interval.” We have therefore in- 
cluded recordings in this group, provided there was 
coincidence of the state variables for >90% of the re- 
cording and completion of at least one transition within 
3 minutes. | 

Before the development of behavioral states there 
were intervals during which the behavioral variables 
would coincide in the conditions required for state be- 
havior, although the heart rate patterns were never as 
distinct as they were after the development of states. 
Brief intervals of coincidence 2F and 1F were first ob- 
served in one fetus at 25 and 29 weeks, respectively. 
The percentage coincidence 1F and 2F ts plotted in Fig. 

Eye movements. For determination of presence or 
absence of eye movements those intervals during which 
the eye was clearly visible were divided into 30-second 
epochs. Eye movements were considered intermittent 
if one to four occurred per epoch and continuous if 
there were more than five per epoch. 


At all gestations eye movements tended to be absent 
during prolonged intervals of inactivity. During the 
first half of the middle trimester eye movements were 
often absent during episodes of activity and when pres- 
ent were intermittent. Towards the last trimester eye 
movements became more consistently associated with 
episodes of movement, and throughout the last trimes- 
ter the percentage of active epochs with continuous eye 
movements progressively increased. 

FHR patterns. FHR patterns were considered pres- 
ent once the baseline variability in quiet cycles was vis- 
ibly narrow compared with that in active cycles (in prac- 
tice a mean difference in variability =3 beats/min). By 
definition it follows that they could not be recognized 
in recordings without cycles; however, they were usu- 
ally present several weeks before behavioral states. 

State transitions. Consideration of the order of 
change of variables at the time of state change revealed 
that, at the gestational age at which states are present, 
FHR accelerations and fetal movements were so closely 
linked that the baseline variability was obscured by the 
presence of an acceleration at the onset of fetal move- 
ment. Thus it was impossible to determine if the FHR 
pattern and fetal movements changed simultaneously. 

Fetal breathing. Throughout the gestational range 
studied fetal breathing movements were significantly 
more common in the active cycles (p < 0.001); however, 
within individuals this finding was not consistent with 
six recordings containing more breathing in quiescence 
than during the active cycles. 

Fetal mouthing. Mouth opening, yawning, and 
tongue protrusion were observed throughout the ges- 
tational range studied. When rest and activity cycles 
were apparent in recordings these types of mouthing 
movements were almost confined to active cycles of 
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behavior. A very different type of mouthing, charac- 
terized by recurrent bursts of rhythmic movements of 
the tongue and mandible at a frequency of 1 to 3 Hz 
was observed once these were established. Rhythmic 
mouthing was observed during 67% of quiet cycles and 
75% of intervals of state 1F, when the mouth was visible. 
Late in the second and early in the third trimester the 
duration of each burst was short, zypically 1 to 2 secords 
three or four times per minute. However, from around 
34 weeks the burst duration was more variable, 2 to 15 
seconds two to four times per minute. 

Fetal outcome. All participants were delivered at 
term. All 1-mmute Apgar scores were >5 and 5-minute 
scores were >7. The mean birth weight was 3532 gm 
(SD 435 gm, range 2700 to 4650 gm). One infant was 
admitted to the neonatal unit for investigation of py- 
rexia, which resolved without treatment, and in cne 
other infant sudden, unexplained death occurred at 8 
weeks. Careful retrospective examination of the re- 
ccerdings from this fetus did not reveal any differenzes 
from the other fetuses studied. With this one exception 
all infants are currently between 2 and 3 years of age 
and are developing normally. 


Comment 


We have previously shown that if biophysical evalu- 
ation of fetal well-being happens to coincide with state 
IF, an abnormal or suboptimal result is obtained in a 
high percentage of normal fetuses.” The results of 
these observations reveal the converse at earlier ges- 
tations. Rest cycles, if present at all, are of short du- 
retion, and consequently observation of as few as three 
movements in a 30 minute interval (as recommended 
in the biophysical profile") can hardly be considered a 
" reassuring sign of well-being. 

In the middle trimester there is an increase in bese- 
line variability in both active and quiet cycles, whereas 
in the last trimester there is a significant reduction in 
baseline variability in quiet or 1F cycles with advancing 
gestational age beyond 30 weeks." It is this which ac- 
counts for the appearance of the different heart rate 
patterns (A and B) previously cescribed by Nijhuis et 
a].* It also accounts for the failure to identify intervals 
o- 1F before 30 weeks, whereas brief intervals of 2F 
could often be identified several weeks earlier. 

Although there is evidence that diurnal fluctuations 
are under’ maternal control,” as yet it is unknown 
whether ultradian rhythms are under anything otaer 
than fetal contre]. We have previously reported absence 
of cyclic behavior in an abnormal fetus at 36 weeks, in 
whom FHR monitoring and the biophysical profile sat- 
ished normal criteria." Rhythmic mouthing mcve- 
ments have previously been reported as a concomitant 
of state 1F,'® Y and as with the state variables its pres- 
ence during appropriate (quiet) epochs increased with 
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advancing gestation. We have previously suggested 
that, because this is the fetal activity most frequently 
observed during quiet behavior, it would be useful to 
investigate its potential to discriminate between the 
quiet healthy fetus and one that ts sick. 

Although clear trends were observed in human fetal 
behavioral maturation, the most consistent difficulty 
encountered was the inability ta assign normal criteria 
for behavior for any particular gestational age. For ex- 
ample, although as a rule fetuses did not exhibit cyclic 
behavior before 24 weeks, six recordings did fulfill the 
criteria for a rest cycle, and two of these recordings 
were earlier than 17 weeks. Observations on a fetus not 
included in this study, but in whom fetal movement was 
absent during a routine scan lasting 20 minutes at 18 
weeks, revealed only two sluggish movements during 
45 minutes of recording at 19 weeks. The mother was 
well, did not smoke, drink, or take any drugs, and serial 
recordings throughout the remainder of pregnancy 
were completely normal, as was the baby at birth and 
at the age of 8 months. 

Indeed, one of the most striking features of normal 
fetal behavior is its diversity. In terms of quantitative 
evaluation almost anything is acceptable, and gross de- 
viation is necessary before it is recognizably abnormal. 
The lack of organization of behavior in early pregnancy 
makes identification of abnormality particularly diffi- 
cult, although excessively forceful and, monotonous 
movements have been noted in anencephalic fetuses." 
In later pregnancy qualitative evaluation of coincidence 
of behavioral variables has revealed differences be- 
tween groups of normal fetuses and fetuses subject to 
high maternal alcohol intake,” hydrocephalic fetuses,” 
fetuses of diabetic mothers.” and growth-retarded fe- 
tuses.” However, the wide range of coincidence found 
in normal fetuses at any particular age may render such 
observations valueless as a screening test for anything 
other than very severe neurologic impairment. 
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Effect of calcitonin gene-related peptide on the uterine 
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OBJECTIVES: The current study was designed to evaluate the uterine vascular effects of calcitonin 
gene-related peptide on the uterine vasculature of nonpregnant sheep and compare them with the effects 


of prostacyclin. 


STUDY DESIGN: Five nonpregnant oophorectomized ewes were instrumented with uterine and pulmonary 
artery flow probes and catheters. Dose-response curves were constructed according to increasing doses 
of calcitonin gene-related peptide (0.01, 0.03, 0.1, 0.3, 1, and 3, g/min) and prostacyclin (0.03, 0.1, 0.3, 


1, 3, and 10 ng/min) via 10-minute uterine artery infusions. 


RESULTS: Both calcitonin gene-related peptide and prostacyclin produced a significant increase in uterine 
blood flow and a decrease in uterine vascular resistance. Calcitonin gene-related peptide was found to be 
approximately 17 times more potent than prostacyclin as a vasodilator. Local uterine artery infusions of 
calcitonin gene-related peptide led to significant increases in heart rate but did not alter blood pressure, 
cardiac output, or total peripheral resistance at the doses tested. In contrast, at doses of prostacyclin that 
produced similar uterine vasodilatation, prostacyclin led to significant decreases in systemic arterial bload 
pressure and total peripheral resistance and increases in heart rate and cardiac output. 

CONCLUSION: These data strongly suggest that calcitonin gene-related peptide, an endagenously 
occurring vasoactive peptide, could play an important role in regulating uterine and systemic 


hemodynamics. (Am J Osstet GYNECOL 1992;167:178-84.) 


Key words: Sheep, prostacyclin, calcitonin gene-related peptide, uterine blood flow, 


vasodilatation 


Calcitonin gene-related peptide is a newly discovered 
4’7-amino-acid peptide translated from the calcitonin 
gene.’ Immunohistochemical studies showed that cal- 
citonin gene-related peptide—containing fibers are 
found in various perivascular nerves. The major role 
of circulating calcitonin gene-related peptide released 
from these peripheral nerves is thought to be control 
of organ blood How. There is mounting evidence im- 
plcating calcitonin gene-related peptide as a potent 
vasodilator in the cardiovascular system.’° Calcitonin 
gene-related peptide—containing nerve fibers have 
been localized in the nonpregnant guinea pig uterus 
and uterine artery.” ® In addition, circulating levels of 
calcitonin gene-related peptide have been reported to 
be significantly elevated in pregnancy with the highest 
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concentration occurring close to term.? However, our 
knowledge of the vasoactivity of calcitonin gene-related 
peptide in the uterine vasculature is currently limited 
to in vitro experiments.’ | Thus these experiments 
were designed to determine the effects of calcitonin 
gene-related peptide on the uterine vasculature using 
a chronically catheterized nonpregnant sheep prepa- 
ration. 


Material and methods 


Surgical procedures. Five parous, nonpregnant 
sheep of mixed breed weighing 47 to 55 kg were used 
in this investigation. All animals underwent two oper- 
ations, which are described below. 

Thoracotomy. Before operation the sheep were 
fasted for 48 hours and water was withheld for 24 
hours. Animals were initially anesthesized with pen- 
tobarbital (12 mg/kg), intubated, and placed on a ven- 
tilator with 3% to 4% isoflurane and oxygen to maintain 
anesthesia. The pulmonary artery was exposed via a 
left lateral thoracotomy and fitted with a 24 mm Dopp- 
ler ultrasonographic flow probe (Transonic Systems, 
Inc., Ithaca, N.Y.) for determination of cardiac output. 
The thorax was closed in layers and drained by catheter 
to continuous vacuum suction for 3 days. The probe 
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Fig. 1. Dose of calcitonin gene-related peptide (open circles) and prostacyclin (solid circles) versus 
increases in uterine blood flow (milliliters per minute) in nonpregnant ovine preparation (n = 5 for 
both compounds at all doses except for calcitonin gene-related peptide at highest dose where n = 3). 
Values are means + SEM. Calcitonin gene-related peptide and prostacyclin induced significant 


increases in uterine blood flow (p = 0.0001). 


cable was tunneled subcutaneously to exit the left flank 
and stored m a canvas pouch. After the operation the 
ewes were housed in individual portable cages and pro- 
vided with commercial feed and water ad libitum. 
Abdominal preparation. Subsequent to a 5- to 7-day 
recovery period from thoracotomy, sheep were fasted 
and anesthetized as described previously. Through a 
left groin incision, polyvinyl catheters were inserted 
into the ewe’s femoral artery and vein to the level of 
the distal aorta and vena cava respectively. These cath- 


eters were used to monitor arterial blood pressure or | 
for systemic administration of drugs. The uterus was: 


exposed by a midline incision, and electromagnetic flow 
probes were placed on both uterine arteries. To allow 
direct intraarterial administration of compounds, the 
lateral branch of each uterine artery was catheterized 
distal to the flow probe. All animals underwent ovari- 
ectomy to prevent cyclic fluctuation. The incision was 
closed, and catheters and cables were passed through 
a subcutaneous tunnel, exteriorized through a small 
incision on the ewe’s flank, and stored in a canvas pouch 
attached to the ewe’s side. All catheters were flushed 
every other day with heparin (1000 U/ml) to maintain 
patency. Each ewe received an intravenous injection of 
17B-estradiol (1 pg/kg) each day to prevent uterine 
atrophy. 

Experimental procedure. Experiments were not per- 
formed before the fifth postoperative day after the sec- 
ond operation to assure full recovery from surgical 
stress. After a 30-minute baseline recording period of 
arterial pressure, heart rate, cardiac output, and uter- 


ine blood flow, calcitonin gene-related peptide or pros- 
tacyclin was administered as a continuous 10-minute 
infusion through either the left or right uterine artery 
catheter. Compounds were infused at the rate of 0.1 
or 0.3 ml/min. Cumulative dose-response curves were 
obtained for calcitonin gene-related peptide (0.01 to 3 
wg/min) and prostacyclin (0.03 to 10 pg/min) on sep- 
arate days. At the end of each experiment animals were 
given | wg/kg of 17B-estradiol via the femoral vein to 
evoke a maximum uterine blood flow response, which 
allowed us to normalize our data and evaluate the uter- 
ine potency of calcitonin gene-related peptide and 
prostacyclin. 

Physiologic measurements. Uterine blood flow was 
measured by a square-wave electromagnetic flowmeter 
(RF 2100, Dienco, Los Angeles) in all five sheep, and 
cardiac output was measured in three of the five sheep 
with a Doppler ultrasonographic flowmeter (Transonic 
T 101, Transonic Instruments, Ithaca, N.Y.). Arterial 
blood pressures were monitored by Micron MP 15 pres- 
sure transducers (Micro Instruments, Simi Valley, 
Calif.), and heart rate was determined by cardiotach- 
ometer couplers ‘Sensor Medics, Anaheim, Calif.) trig- 
gered by arterial pressure pulses. All parameters were 
continuously recorded with Sensor Medics R612 phys- 
iologic recorders. Total peripheral and uterine vascular 
resistance was computed from mean arterial pressure 
and cardiac output or uterine blood flow, respectively, 
with no correction being made for central venous 
pressure. 

Drug preparations. Calcitonin gene-related peptide 
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Fig. 2. Dose of calcitonin gene-related peptide (open circles) and prostacyclin (solid circles) versus 
percent of uterine blood flow response to 173-estradiol in nonpregnant ovine preparation (n = 5 
for both compounds ét all doses except for calcitonin gene-related peptide at highest dose where 
n = 3). Values are means of individual percent changes + SEM. At highest doses of calcitonin gene- 
related peptide and prostacyclin tested uterine blood flow was increased to 71% = 5% and 
76% + 6% of maximum uterine response to estrogen. 


(Peptides International, Louisville, Ky.) was prepared 
as a stock solution of 0.1 mg/ml in distilled water and 
stored at — 20° G until use, at which time it was serially 
diluted with normal saline solution to the desired con- 


centrations and kept on ice until used. Prostacyclin so- _ 


dium salt (The Upjohn Company, Kalamazoo, Mich.) 
was prepared fresh immediately before use by dissolv- 
ing it in 0.01 mol/L Tris buffer, pH 9.4, to prevent 
degradation. 

Data analysis. The uterine vasodilator effects of cal- 
citonin gene-related peptide and prostacyclin were ex- 
pressed as both the absolute uterine blood flow changes 
- (milliliters per minute) and as a percent of the maxi- 
mum dilatation produced by 17f-estradiol and re- 
ported as mean + SEM. In five sheep arterial pressure 
and heart rates were recorded, and in three of the five 
sheep cardiac output was recorded and total peripheral 
resistance was computed. All the parameters were mea- 
sured during the last 2 minutes of each 10-minute in- 
fusion. Data were analyzed by one-factor analysis of 
variance, and the Newman-Keuls procedure was used 
to determine which mean was significantly different 
from baseline (p < 0.05). : 


Results 

Effect of loca] intraarterial infusion of calcitonin 
gene-related peptide on uterine blood flow. Local in- 
traarterial infusion of calcitonin gene-related peptide 
and prostacyclin produced significant dose-related in- 


creases in uterine blood flow in the nonpregnant ewes 
as illustrated in Fig. 1. Uterine blood flow increased 
from a baseline of 9 + 1 ml/min to a maximum of 
101 + 30 ml/min during the infusion of 3 wg/min of 
calcitonin gene-related peptide. Responses reached a 
steady state by the end of each 10-minute infusion. 
Prostacyclin increased uterine blood flow from a base- 
line of 13 + 1 ml/min to a maximum of 120 + 21 
ml/min at the 10 g/min dose. On a nanomoles per 
liter per minute basis, calcitonin gene-related peptide 
was about 17 times as potent as prostacyclin in dilat- 
ing the uterine circulation (Figs. 1 and 2). At the 
doses tested, calcitonin gene-related peptide (0.79 
nmol/L/min = 3 wg/min) and, prostacyclin (29 
nmol/L/min = 10 ~g/min) were able to increase uter- 
ine blood flow to 71% + 5% and 76% + 6% of the 
maximal estrogen response, respectively (Fig. 2). The 
vehicles, saline solution for calcitonin gene-related pep- 
tide or 0.01 mol/L Tris buffer for prostacyclin, did not 
significantly alter uterine blood flow at the infusion 
rates used. In animals receiving calcitonin gene-related 
peptide the calculated uterine vascular resistance de- 
creased significantly from a baseline of 8.72 + 1.18 to 
0.84 + 1.89 mm Hg/ml/min at the highest dose, 
whereas in animals receiving prostacyclin the uterine 
vascular resistance decreased from 6.23 + 1.17 to 
0.56 + 0.10 mm Hg/ml/min at the highest dose in- 
fused (Fig. 3). The amount of time required for the 
highest dose of each vasodilator to decrease the half of 
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Fig. 3. Dose of calcitonin gene-related peptide (open circles) and prostacyclin (solid circles) versus 
decreases in uterine vascular resistance (UVR) in nonpregnant ovine preparation (n = 5 for both 
compounds at all doses, except for calcitonin gene-related peptide at highest dose where n = 3). 
Values are means + SEM. Calculated uterine vascular resistance decreased significantly from a 
baseline of 8.72 + 1.18 to 0.84 + 0.18 mm Hg/ml/min at highest dose of ‘calcitonin gene-related 
peptide infused and from 6.23 + 1.17 to 0.56 + 0.10 mm Hg/ml/minat highest dose of prostacyclin. 


baseline after the completion of the 10-minute infusion 
was significantly longer for calcitonin gene-related pep- 
tide than prostacyclin (12 +1 vs 7 + 2 minutes, 
p = 0.02). 

Effect of intraarterially administered calcitonin 
gene-related peptide and prostacyclin on systemic he- 
modynamics. The local intraarterial infusion of calci- 
tonin gene-related peptide led to significant increases 
in heart rate (94 + 9 beats/min to 120 + 6 beats/min) 
but did not significantly alter systemic arterial pressure, 
cardiac output, or calculated total peripheral resistance 
at the doses tested (Figs. 4 and 5). Because of the ex- 
pense of purified calcitonin gene-related peptide 
higher doses were not investigated. Local infusion of 
prostacyclin led to a significant decrease in systemic 
arterial pressure (73 + 4 to 59 + 4 mm Hg} and total 
peripheral resistance (12.38 + 0.65 to 8.39 + 0.61 mm 
Hg/ml/min) with a significant increase in heart rate 
(92 + 2 to 125 + 5 beats/min) and cardiac output 
(5.8 + 0.4 to 7.3 + 0.4 L/min). Results are depicted 
graphically in Figs. 4 and 5. 


Comment 


The current work confirms and extends our knowl- 
edge about the effects of calcitonin gene-related pep- 
tide on the uterine vasculature. We have used a chron- 
ically instrumented unanesthetized nonpregnant sheep 
model in which we have administered calcitonin gene- 
related peptide directly into the uterine artery via an 


intraarterial infusion to determine its uterine vascular 
response. Our cata showed that calcitonin gene-related 
peptide is a very potent vasodilator in the nonpregnant 
sheep uterus and is able to produce uterine vasodila- 
tation, which is equivalent to that observed with 17B- 
estradiol. On a molar basis calcitonin gene-related pep- 
tide was about 17 times more potent than prostacyclin 
as a uterine vasodilator. On stopping the infusion of 
calcitonin gene-related peptide the duration of the va- 
sodilatation produced was about 50% longer than that 
seen with prostacyclin. These data support the concept 
that calcitonin gene-related peptide is a potent uterine 
vasodilator and could possibly play an important role 
in the regulation of uterine blood flow in the non- 
pregnant and pregnant states. 

Calcitonin gene-related peptide—containing fibers 
have been identified in nonpregnant guinea pig uterus 
and uterine artery by immunocytochemical examina- 
tion.” * In addition, circulating plasma levels of calci- 
tonin gene-related peptide have been reported to be 
significantly increased throughout pregnancy with the 
highest concentration close to term.? However, our 
knowledge of the physiologic significance of calcitonin 
gene-related peptide on the regulation of uterine blood 
flow in the nonpregnant or pregnant state is currently 
limited. Recently calcitonin gene-related peptide has 
been shown to be a potent vasodilator of in vitro prep- 
arations of preconstricted human and guinea pig uter- 
ine arteries.'* '' Nelson” showed that uterine arteries 
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Fig. 4. Effect of local uterine artery infusion of calcitonin gene-related peptide and prostacyclin on 
mean arterial blood pressure (upper panel) and heart rate (lower panei). Values are percent change 
from baseline {n = 5 for both compounds at all doses except for calcitonin gene-related peptide at 
highest dose where n = 3). Calcitonin gene-related peptide produced significant increases in heart 
rate (p < 0.05) at highest dose, whereas prostacyclin decreased blood pressure (p = 0.0002) and 
increased heart rate (p = 0.0002) in a dose-related fashion. 


from pregnant women were mcre sensitive to the va- 
sodilator effects of calcitonin gene-related peptide than 
were those from nonpregnant women, suggesting that 
calcitonin gene-related peptide might play an impor- 
tant role in regulating urine blood flow in pregnancy. 
Further investigations will be needed to assess the ef- 
fects of calcitonin gene-related peptide on uterine 
blood flow in pregnancy. 

Although calcitonin gene-related peptide is approx- 
imately 17 times more potent than prostacyclin as a 
vasodilator in the uterine circulation, systemic hemo- 
dynamic responses to the local uterine infusion suggest 
that the systemic vasculature may be less sensitive. 


While calcitonin gene-related peptide at the doses eval- 
uated did not significantly change arterial blood pres- 
sure, prostacyclin significantly decreased systemic ar- 
terial pressure at the two highest doses. Both calcitonin 
gene-related peptide and prostacyclin significantly in- 
creased heart rate. This increased heart rate is most 
likely a compensatory response to peripheral vasodi- 
latation produced by both compounds. Under the cur- 
rent protocol only prostacyclin produced significant in- 
creases in cardiac output and decreases in total pe- 
ripheral resistance. The lack of systemic responses to 
calcitonin gene-related peptide at doses that are equally 
potent as vasodilators in the uterus can be interpreted 
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Fig. 5. Effect of uterine artery infusions of calcitonin gene-related peptide and prostacyclin on 
cardiac output (upper panel) and calculated total peripheral resistance (lower panel). Values are percent 
change from baseline (n = 3 for both compounds at all doses). Prostacyclin produced a dose-related 
increase in cardiac output (p = 0.04), whereas calcitonin gene-related peptide had no significant 
effect on cardiac output at doses tested. Prostacyclin also produced a significant decrease in calculated 


total peripheral resistance (p = 0.003). 


in two different ways. First, calcitonin gene-related pep- 
tide may be broken down or be metabolized before 
reaching the peripheral circulation, a possibility that 
does not seem likely because at least in humans it has 
a circulating half-life of 10 minutes’ and in our study 
the uterine vascular response had a half-life of 12 min- 
utes. A second possibility is that the systemic vasculature 
is less sensitive to calcitonin gene-related peptide than 
is the uterine vasculature. It appears (Figs. 4 and 5) 
that increasing doses of calcitonin gene-related peptide 
would have led to significant decreases in arterial blood 
pressure and total peripheral resistance, as well as in- 
creases in cardiac output. Thus, although the uterus 


appears to be more sensitive to calcitonin gene-related 
peptide than to prostacyclin, the systemic vasculature 
may not share this sensitivity. To determine this, higher. 
doses of calcitonin gene-related peptide would have to 
be used. 

In summary, in the current study we have investi- 
gated the vasoactive properties of calcitonin gene-re- 
lated peptide on uterine vasculature. Calcitonin gene- 
related peptide appears to be a potent vasodilator agent . 
in the ovine uterine vasculature. On a molar basis, it 
appears to be approximately 17 times more potent than 
prostacyclin, the most potent uterine vasodilator pros- 
taglandin.” These properties suggest that this com- 
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pound could potentially play an important role in reg- 
ulating uterine blood flow. 
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An ultrastructural study of the developing urogenital tract in 


early human fetuses 


W. Dwayne Lawrence, MD," Diana Whitaker, MS,” Hoshiki Sugimura, MD, 
Gerald R. Cunha, PhD,’ G. Richard Dickersin, MD, and Stanley J. Robboy, MD‘ 


Detroit, Michigan, Philadelphia, Pennsylvania, San Francisco, California, Boston, Massachusetts, 


Newark, New Jersey, and Mie-Kan, Japan 


OBJECTIVES: This study examines the gonoducts during the ambisexual stage of human fetal 
development to define their ultrastructural characteristics, including the origin and anatomic relationship of 
the mesonephric and paramesonephric ducts during gonoductal development. 

STUDY DESIGN: The reproductive tracts from five fetuses ranging in gestational age from 35 to 45 days 
were processed for ultrastructural examination. The developing mesonephric ducts, paramesonephric 
ducts, and their surrounding mesenchyme were studied with a Phillips 300 transmission electron 


microscope. 


RESULTS: The mesonephric ducts and paramesonephric ducts have distinctive cytoplasmic and cell 
surface ultrastructural characteristics, as well as different morphologic patterns of epithelial-mesenchymal 
interaction. Cephalad portions of mesonephric ducts and paramesonephric ducts are separated by 
mesenchyme, but more caudal aspects move progressively closer until they are juxtaposed but separate. 
CONCLUSIONS: Early mesonephric ducts and paramesonephric ducts may be distinguished because of 
their distinctive ultrastructural features; epithelial-mesenchymal interaction may be important in their 
differentiation and maintenance; both gonoducts retain their morphologic identity throughout, supporting 


their separate origins. (AM J OsstTeT GYNECOL 1992;167:185-93.) 


Key words: Ultrastructure, fetus, urogenital, paramesonephric, miillerian, mesonephric, 


wolffian 


The early reproductive tract in humans consists of 
two paired gonoducts. The mesonephric (wolffian) 
ducts develop first, arising around gestational day 24 
from the paravertebral mesenchyme as a solid cord of 
cells. The ducts grow caudad, and around the 26th 
postovulatory day a lumen develops. By day 27 the 
mesonephric ducts have reached and opened into the 
cloaca, where they serve as the main excretory ducts of 
the embryo. 

The paramesonephric (miillerian) ducts do not begin 
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their development until postovulatory day 37, when 
they appear as funnel-shaped openings of the coelomic 
epithelium. The paramesonephric ducts appear to fol- 
low the mesonephric ducts like a “guidewire”; on day 
48 the paramesonephric ducts are approximately half- 
way to the urogenital sinus and pass ventral to the me- 
sonephric duct. The paramesonephric ducts continue 
to approach each medially and then grow to and contact 
the urogenital sinus at a ventral projection of its dorsal 
wall called the miillerian tubercle, which is situated be- 
tween the openings of the mesonephric ducts. Around 
day 56, the paramesonephric ducts fuse to become the 
uterovaginal canal, the primordia destined to become 
the uterine corpus, cervix, and vagina. The upper un- 
fused paramesonephric ducts become the fallopian 
tubes. 

Although ultrastructural studies of the developing 
genital tract in experimental animals have been re- 
ported,'* to our knowledge no such studies of human 
material exist in the literature. This report, which is 
part of an ongoing study of the normal and abnormal 
development of the human genital tract,*” presents our 
findings in five fetuses from approximately 35 to 45 
postovulatory days of age. This period occurs during 
the ambisexual stage of gonadal development, during 
which the gonad is indifferent and not distinguishable 
morphologically as ovary or testis by traditional light 
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Fig. 1. Paramesonephric and mesonephric ducts. A mitotic figure (arrowhead) is present in para- 
mesonephric duct (PMD). Mesonephric duct (MD) has numerous subnuclear clear vacuoles corre- 
sponding to glycogen extracted during tissue processing. (X 782.) 


microscopy. In this communication, emphasis is placed 
on the ultrastructure of the developing mesonephric 
and paramesonephric ducts and their surrounding 
mesenchyme. 


Material and methods 


Human fetal material was obtained as described in 
detail elsewhere.’ The ages of the fetal specimens, as- 
certained by heel-toe measurements,” “ were 35 to 45 
days of age (postovulatory). For such early specimens, 
determination of sex on morphologic grounds was im- 
possible. 

The reproductive tracts, which rarely exceeded 4 mm 
in length, were randomly placed in neutral buffered 
formalin for light microscopic analysis or were placed 
in Karnovsky’s fixative for 2 hours at room tem- 
perature. 

The specimens prepared for light microscopy were 
fixed in Bouin’s solution, embedded in paraffin, sec- 
tioned at 6 pm, and stained with hematoxylin and eosin. 
In total, each genital tract yielded an average of 100 to 
150 sections. The specimens prepared for transmission 
electron microscopy were divided after fixauon into 
six to eight blocks. Sections of 1 pm stained with to- 
luidine blue were prepared from each block, and 
where appropriate, ultrastructural analysis was per- 
formed using a Phillips 300 transmission electron mi- 
croscope. 


Results 


Transmission electron microscopy of the gono- 
ducts. The cells lining the early human paramesone- 
phric duct are pseudostratified columnar in type, ex- 
tending from the basal lamina to the lumen; cells are 
closely packed and nuclei are found at varying levels 
in the epithelium (Figs. 1 and 2). Apices of the cells 


exhibit numerous microvilli, many of which are elon- 
gate with rare terminal branching. Occasional cilia, al- 
though present, are poorly formed and lack the usual 
nine-plus-two internal arrangement. Apices of some 
cells bulge into the lumen in a manner reminiscent of 
the merocrine type of secretion observed in mature 
endometrial cells. Tight junctions are a prominent fea- 
ture of the apical cell membranes. Desmosomes (macula 
adherentes) are present along the lateral borders of the 
cells, and are small and buttonlike. Nuclei of the para- 
mesonephric duct epithelium show variability in size 
and shape and often contain one to three large nucleoli. 
The cytoplasm of the paramesonephric duct cells con- 
tains numerous polyribosomes and most cells contain 
from one to three Golgi complexes. Mitochondria are 
abundant. Lipid droplets are scattered throughout the 
cytoplasm and large lysosomes may be found in both 
supranuclear and subnuclear locations. A few cells con- 
tain subnuclear or supranuclear aggregates of glyco- 
gen. The basal aspect of the cells is relatively flat and 
cytoplasmic filaments may be present in a linear array 
adjacent and parallel to the basal lamina. 

The stroma in the region of the developing para- 
mesonephric duct is cellular and numerous mitotic fig- 
ures are present. The stromal cells are large and epi- 
thelioid with abundant cytoplasm (Fig. 3). Nuclei are 
large with prominent nucleoli. The cell membrane is 
drawn out into fingerlike microvillus processes, which, 
over much of their length, lie in direct apposition to 
those of neighboring stromal cells. The cytoplasm con- 
tains long and short profiles of granular endoplasmic 
reticulum, polyribosomes, mitochondria, and scattered 
lipid droplets. The Golgi apparatus is well developed 
and is sometimes multiple. Small membrane-bound 
electron-lucent vesicles may be seen at the secretory end 
of the Golgi apparatus. 
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In contrast to the stroma around the mesonephric 
duct, the subepithelial stromal cells and their fine pro- 
cesses around the paramesonephric duct closely ap- 
proach the base of the ductal epithelial cells and 
extend relatively short processes to make contact with 
the basal cell membranes. The basal lamina in these 
areas of close epithelial-stromal apposition appears in- 
complete or is absent (Fig. 3). The previously men- 
tioned secretory vesicles appearing to arise from the 
Golgi apparatus may be numerous and sometimes fill 
the cytoplasm on the epithelial side of the stromal 
cell. Focally, the vesicles appear to merge with the 
stromal cell plasmalemma and others appear within the 
stroma as isolated membrane-bound vesicles. In para- 
mesonephric duct epithelial cells, pinocytotic vesicles 
similar in size to those within underlying stromal cells 
appear at the basal plasmalemma, as well as in the basal 
portion of the cytoplasm. Some of the stromal cells 
contain cytoplasmic filaments, and poorly formed junc- 
tionlike attachments rarely are seen between stromal 
cells. 

Mesonephric duct cells are tall, columnar and gen- 
erally show less pseudostratification as compared with 
their paramesonephric counterparts (Fig. 4). The lu- 
minal border has short, stubby microvilli and the cilia 
are rudimentary, as in the paramesonephric ducts. The 
lumen focally contains degenerated and necrotic cell 
debris. 

The most prominent feature of mesonephric duct 
cytoplasm is the presence of glycogen lakes, usually 
localized in a subnuclear position, although similar ag- 
gregations may be supranuclear (Fig. 4). Lipid droplets 
are less numerous than in the paramesonephric ducts. 
The cytoplasm of the epithelial cells contains promi- 
nent Golgi complexes, which are often concentrated in 
the apical portion. Polyribosomes are abundant and 
scattered diffusely throughout the cytoplasm. 

When compared to the paramesonephric duct, the 
nuclear membrane of the mesonephric duct cells shows 
less irregularity and nucleoli are prominent. The basal 
aspect of the cell is generally flat. A delicate basal lamina 
underlies the base. 

Large epithelioid stromal cells are present in the peri- 
ductal stroma. Nuclei appear large, with prominent nu- 
cleoli. The cytoplasm contains numerous Golgi com- 
plexes, which, as in the stroma about the parameso- 
nephric ducts, are more often polarized to the epithelial 
side of the cell. Polyribosomes are numerous and pro- 
files of dilated rough endoplasmic reticulum contain a 
granular precipitate. Inclusions suggestive of primary 
lysosomes are found in scattered stromal cells, some of 
which show nuclear pyknosis and cytoplasmic degen- 
eration. 

Most of the stromal cells associated with the meso- 
nephric ducts have long attenuated cell processes that 
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Fig. 2. Paramesonephric duct. Cells show pseudostratification; 
nuclei are large and contain prominent nucleoli. Microvilli 
extend from cell apices into lumen (L). (X 2548.) 


interdigitate with those of neighboring cells, imparting 
the appearance of a network of subepithelial mesen- 
chymal cells connected by delicate cell processes (Fig. 
5). Often the cell body, which includes the nucleus, does 
not appear in a subepithelial zone of varying width. 
Consequently, this zone appears pale on light micros- 
copy since it contains few nuclei and is composed pri- 
marily of delicate cell processes (Figs. 6 and 7). 
Those stromal cells near the basal lamina of the me- 
sonephric ducts have elongate fingerlike processes that 
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4 Fig. 3. Paramesonephric duct; epithelial-stromal junction. Note absence of basal lamina where 

; epithelial stromal cell (S) closely approaches basal plasmalemma (arrowheads) of paramesonephric 

k duct (PMD). Delicate basal lamina (large arrow) is present at periphery. Stromal cell contains a large 
Golgi complex (G). (x 10,200.) 
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Fig. 4. Mesonephric duct. Cells are columnar and appear less pseudostratified than paramesonephric 
| duct. Lumen (L) contains granular precipitate. Subnuclear glycogen vacuoles (V) are prominent. 
Stromal cell processes closely abut basal lamina. (x 3600.) 
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Fig. 5. Mesonephric duct. Stromal cells underlie mesonephric duct epithelium with subnuclear 
vacuoles (V). Epithelioid stromal cells exhibit elongated cytoplasmic processes that interdigitate with 
neighboring cells. Nuclei are large, irregularly shaped, and contain prominent nucleoli. (x 3913.) 


extend to and make contact with the basal lamina (Fig. 
6). In spite of the delicate nature of the cytoplasmic 
processes, they contact the basal lamina in such num- 
bers that its surface is virtually covered, imparting a 
fine structural appearance reminiscent of podocytes in 
the renal glomerulus. This situation contrasts with the 
paramesonephric ducts, in which subepithelial stromal 
cells lie immediately subjacent to the basal lamina, ac- 
companied by its focal dissolution. The basal lamina of 
the mesonephric duct appears continuous. There are, 
however, pinocytotic vesicles like those observed in the 
paramesonephric ducts present along the basal plas- 
malemma of the mesonephric duct; likewise, mem- 
brane-bound vesicles similar to those in stromal cells in 
the immediate vicinity of the paramesonephric ducts 
are observed in the stromal cells of the mesonephric 
duct. 

In its most caudal portion, which represents the ad- 
vancing edge, the paramesonephric duct is in direct 
apposition to the mesonephric duct ( Fig. 8). In addition 
to their anatomic location, the gonoducts in this region 
are easily differentiated by the presence of abundant 
intracytoplasmic glycogen in the mesonephric ducts 
and its near absence in the paramesonephric ducts. In 
the advancing paramesonephric duct, cell membranes 
are tightly apposed, with complex interdigitations and 
sparse, poorly formed intercellular attachments. Nu- 


merous mitotic figures are present. Abundant micro- 
tubules are present throughout the cytoplasm. 

At the point where the two gonoducts are immedi- 
ately adjacent, mesonephric duct and paramesonephric 
duct cells are in intimate contact; cell membranes are 
directly apposed and no basal lamina is present between 
them (Fig. 9); basal lamina is present, however, in 
patches along the coelomic aspect of the advancing 
edge of the paramesonephric duct. Cytoplasmic fila- 
ments parallel to the long axis of the duct are present 
near the cell membrane in apposing ductal cells. Al- 
though focal thickening of the cell membrane is ob- 
served, the few intercellular attachments that are pres- 
ent lack the structure of a complete desmosome. 


Comment 


No differences in the light and ultrastructural fea- 
tures of the gonoducts could be discerned between 
sexes in genital tracts obtained during the ambisexual 
stage of development; during this ime period, the de- 
veloping testis has not yet produced miillerian-inhib- 
iting substance, which induces regression of the para- 
mesonephric duct. 

The finding of comparable morphologic features be- 
tween the early paramesonephric and mesonephric 
ducts of both sexes is similar to that observed in mice 
of 12 days’ gestation,' in which the critical period of 
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Fig. 6. Mesonephric duct. Subepithelial zone of stroma is composed predominantly of delicate stromal 


cell processes. ( X 2548.) 


mesonephric duct and paramesonephric duct regres- 
sion occurs between 13 and 14 days. 

The paramesonephric and mesonephric ducts could 
be readily differentiated by their position in the me- 
sonephros; the paramesonephric duct is situated most 
laterally, between the overlying coelomic epithelium 
and the mesonephric duct. Besides positional differ- 
ences in the mesonephros, the early developing gon- 
oducts have certain light microscopic and _ ultrastruc- 
tural characteristics that permit their identification. By 
light microscopy, cells of the paramesonephric ducts 
generally appear more pseudostratified than the me- 
sonephric duct, an impression that is supported by the 
closely packed and crowded columnar cells with their 
nuclei at varying levels within the epithelium. As in the 
mouse,' mesonephric duct cells, in contrast, have rel- 
atively straight cell borders and less variation in nuclear 
position than their paramesonephric duct counter- 
parts. 

Both gonoducts show apical microvilli bordering the 
lumen; however, those of the paramesonephric ducts 
are generally more numerous and elongate, sometimes 


with terminal branching; the latter's appearance resem- 
bles that seen in the adult endometrium, fallopian tube, 
and endocervix, all of which are derived from the para- 
mesonephric duct. Microvilli of the mesonephric duct 
cells are sparse, short, and stubby, a picture similar to 
that seen in the paratubal mesonephric ducts of the 
female adult.’ Although both mesonephric ducts and 
paramesonephric ducts of the early embryo may pro- 
duce cilia-like structures, they are rudimentary and the 
ciliary shafts lack the characteristic nine sets of periph- 
eral double tubules surrounding a central pair of tu- 
bules. No well-formed ciliary bodies or cross-striated 
rootlets were identified. Ciliated cells found in para- 
mesonephric-derived epithelia probably function in the 
movement of surface materials such as endometrial se- 
cretions. The absence of well-formed cilia in the de- 
veloping gonoducts may reflect the lack of need for 
such locomotor ability at that particular stage of dif- 
ferentiation. Abundant cilia have been described in the 
tubules of the paratubal mesonephric remnants, but 
not in the mesonephric ducts of the female adult.’ 
The most striking light microscopic and ultrastruc- 
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Fig. 7. Mesonephric duct. High magnification of epithelial-stromal interface shows elongated stromal 
cytoplasmic processes that make contact with basal lamina (arrowheads) of mesonephric duct (MD) 


cells. (x 10,200.) 





Fig. 8. Paramesonephric and mesonephric ducts. Advancing edge of paramesonephric duct (large 
arrowhead) composed of solid mass of cells without lumen formation growing adjacent to mesonephric 
duct cells (MD). Paramesonephric-mesonephric duct junction is marked by small solid arrowheads. 
Slitike lumen of mesonephric duct denoted by open arrowheads. ( X 2093.) 


tural difference between the early gonoducts is the 
presence of abundant intracytoplasmic glycogen within 
the mesonephric duct cells. Glycogen most commonly 
forms a single, large subnuclear vacuole reminiscent of 
that seen in secretory endometrial glands of day 16 or 
17. Similar aggregates of glycogen are rarely seen in 
cells of the paramesonephric duct. This is in contrast 
to the frequent and often prominent role of glycogen 


in the paramesonephric-derived tissues, especially the 
endometrial glands, of the mature female. In the adult 
endometrium, glycogen moves from a subnuclear to a 
supranuclear position and eventually is discharged into 
the lumen, presumably for nutritive purposes for the 
implanted conceptus. In the mesonephric ducts, con- 
versely, glycogen infrequently assumes an apical posi- 
tion in the cytoplasm and has not been identified within 
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Fig. 9. Higher magnification of paramesonephric-mesonephric duct junction (arrowheads). Neither 
basal lamina nor desmosomes are present between paramesonephric (PMD) and mesonephric (MD) 
duct cells. ( x 12,375.) 


the lumen. Ultrastructural studies of the paratubal 
remnants in adult women’ have demonstrated that the 
mesonephric ducts and tubules retain the ability to syn- 
thesize glycogen, as evidenced by the accumulation of 
glycogen particles in their cytoplasm. In the developing 
mesonephric ducts large aggregates of glycogen may 
be used for energy purposes rather than as a secretory 
product. 

In cephalad sections, abundant mesenchyme clearly 
separates the gonaducts. More caudally, the ducts ap- 
pear progressively closer until they are adjacent, with- 
out identifiable stroma or basal lamina between them. 
The latter finding, plus the clinical observation that 
paramesonephric, or miillerian, development is ablated 
if the mesonephric duct is missing, is responsible for 
the widely held belief that the paramesonephric duct 
uses the mesonephric duct as a “guidewire” in its de- 
scent to the urogenital sinus. 

Few studies have dealt with the close anatomic rela- 
tionship of the mesonephric and paramesonephric 
ducts. Gruenwald’s early study of human and chick 
embryos’ emphasized the influence of the mesonephric 
duct on the developing paramesonephric duct. Inter- 
ruption of the mesonephric duct inhibited growth of 
the paramesonephric duct distal to that point. Devel- 
opmental anomalies in man also support the hypothesis 
that a similar relationship exists between the parame- 
sonephric and mesonephric ducts in human embryos. 


The current ultrastructural study supports many of 
Gruenwald’s light microscopic findings”; the caudal tip 
of the elongating paramesonephric duct is a solid 
wedge of cells forming a bulge on the lateral wall of 
the mesonephric duct, where it is closest to the coelomic 
epithelium. That this is the proliferating end of the 
paramesonephric duct is suggested by the numerous 
mitotic figures and the lack of a lumen at this stage of 
gonoductal development. Gruenwald interpreted the 
advancing wedge of paramesonephric duct cells to be 
within the basement membrane of the mesonephric 
duct. In our experience the basal lamina of the medial, 
or anticoelomic, aspect of the mesonephric duct is intact 
and continuous; however, the basal lamina appears to 
be interrupted at the most caudal point where the ad- 
vancing paramesonephric duct cells contact the basal 
aspect of the mesonephric duct cells. No basal lamina 
was identified around the solid cord of parameso- 
nephric duct cells, nor was basal lamina found between 
the two types of ductal cells in the region of the con- 
tiguous mesonephric and paramesonephric ducts. 

Some early workers stressed, on the basis of light 
microscopic evidence, that the paramesonephric (mül- 
lerian) wedge splits off from the mesonephric duct. 
However, our findings show both to retain their his- 
tologic and ultrastructural identity throughout their 
length, including the area of apposition, which sup- 
ports the separate origin of the two gonoducts. 
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Cunha and Lung®?’ have shown that normal devel- 
opment of the uterus and vagina depends on interac- 
tions between the epithelium and stroma of those tis- 
sues that are ultimately derived from the parameso- 
nephric duct. The unusual relationship between the 
mesonephric and paramesonephric ducts and their 
periductal stroma suggests that epithelial-stromal in- 
teraction is important in the morphogenesis, and 
possibly maintenance, of both. Our ultrastructural 
findings suggest that the gonaducts have different mor- 
phologic patterns of epithelial-stromal contact. Inti- 
mate contacts between the stromal cell processes and 
the basal lamina of the mesonephric duct may provide 
an avenue for transfer of inductive substances to the 
basal lamina. The stromal cell processes are numerous 
so that the basal lamina of the mesonephric duct is 
virtually covered by them, resulting in a large area of 
stromal cell—basal lamina contact. The presence of 
large and prominent Golgi complexes polarized to the 
epithelial side of stromal cells indicates that they elab- 
orate a secretory product, perhaps an inductive mol- 
ecule. Pinocytotic vesicles located on the basal epithelial 
surface, similar to those described by Cunha and Lung” 
in the developing vagina, may represent endocytosis of 
the inductive material elaborated by stromal cells. Mor- 
phometric studies of the vesicles containing basal lam- 
ina—like material indicate that they originate from ba- 
sal membrane and undergo degradation as they move 
into the cell. 

In the paramesonephric duct, epithelial-mesenchy- 
mal contact is characterized by close proximity of 
stromal cell bodies to the base of the paramesonephric 
duct cells but without the interposition of delicate and 
elongate cell processes. The incomplete or absent basal 
lamina in these areas of intimate contact may facilitate 
the intercellular movement of inductive molecules. In 
such foci, epithelial cell processes extend into the 
stromal compartment and make physical contact with 
mesenchymal cell membranes. This phenomenon re- 
sembles that of the embryonic male rat parameso- 
nephric duct? where the contact between epithelial and 
mesenchymal cells was associated with stripping of the 
basal lamina as a major event in early paramesonephric 
(miillerian) duct regression. The occurrence of a sim- 
ilar but focal phenomenon in the early parameso- 
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nephric duct suggests that close epithelial-mesenchy- 
mal cellular contact may occur focally to dissolve the 
basal lamina and facilitate intercellular transport. The 
bulk of the subepithelial stromal cell cytoplasm, in- 
cluding most of the organelles, is polarized to the ductal 
side of the cell. Therefore the Golgi apparatus, pre- 
sumably the site of vesicle formation, is closest to the 
point of egress, or exocytosis, of its secretion. That 
actual transfer of molecules occurs from the mesen- 
chymal to the epithelial compartment is suggested by 
the close fine structural similarity of the vesicles in both 
types of cells. 


We appreciate the expertise of Chris Charron in the 
editing and preparation of the manuscript. 
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Activation of protein kinase C stimulates collagenase 
production by cultured cells of the cervix of the pregnant 


guinea pig 


Mohammad R. Rajabi, MD, PhD,** Samuel Solomon, PhD, and A. Robin Poole, PhD” 


Montreal, Quebec, Canada 


OBJECTIVE: Dilatation of the uterine cervix at parturition is achieved by an estrogen-induced, 
collagenase-meciated degradation of type | collagen in the cervix. The objective was to test the hypothesis 
that collagenase production in the cervix of pregnant guinea pig in culture is mediated by activation of 


protein kinase C. 


STUDY DESIGN: The effects of 17-estradiol, prostaglandin F>., or activation of protein kinase C by 
phorbol-12-myristate-13-acetate, 1-stearoyl-2-arachidonyl-sn-glycerol and phospholipase C on collagenase 
production was studied with primary monolayer cultures of cervical cells from Hartley guinea pigs at 50 
days’ gestation. Results are analyzed for statistical significance with analysis of variance. 

RESULTS: Collagenase production is increased twofold to threefold by 178-estradiol, prostaglandin F>., or 
activation of protein kinase C. The observed stimulation of collagenase production by 176-estradiol and 
prostaglandin F», was blocked by the protein kinase C inhibitor 1-(5-isoquinoline sulfonyl) 


2-methylpiperazine dihydrochloride. 


CONCLUSION: Collagenase production in cultured cervical cells of pregnant guinea pig is stimulated by 
activation of protein kinase C. (Am J OBsTET GYNECOL 1992;167:194-200.) 


Key words: Cervical dilatation, collagenase, estrogens, prostaglandins, protein kinase C 


Interstitial collagenase is a Ca? and Zn°*-dependent 
metalloprotease, the action of which is an essential com- 
ponent of the overall metabolism of fibrillar collagen 
in the extracellular matrix. Collagenase cleaves collagen 
types I, II, and III, the predominant collagens of mam- 
malian tissues. Its sole action is to cleave collagen by 
hydrolyzing the peptide bonds between Gly-Leu in the 
a.-chain and Gly-Ile in the a,-chain of type I collagen 
at a single locus in the native triple helical domain. ' 
Once the collagen molecule is cleaved into two frag- 
ments (%4 length fragment TC^ and 4 length fragment 
TC*), the fragments denature and are further cleaved 
by gelatinase, PZ-peptidase, and dinitrophenyl-pepti- 
dase, followed by phagocytosis and further digestion 
by lysosomal enzymes. ” 

Collagen degradation is observed in biologic pro- 
cesses characterized by remodeling of connective tissue, 
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such as bone resorpuon, wound healing, embryogen- 
esis, postpartum uterine involution, and ovulation and 
in diseases such as osteoarthritis, rheumatoid arthritis, 
corneal ulcers, epidermolysis bullosa, periodontal dis- 
ease, and tumor invasion.’ Rapid collagen degradation 
is an underlying feature of cervical dilatation at par- 
turition in both human and guinea pig.” 

We have been interested in the mechanism of cervical 
dilatation at parturition. We have previously shown that 
cervical dilatation is accompanied by a considerable in- 
crease in extractable collagenase in the uterine cervix 
in women and in the guinea pig at parturition.” ’ High 
levels of circulating collagenase are also present in 
women in premature labor.” Such studies have indi- 
cated that collagenase probably plays an important role 
in the rapid collagen degradation observed in normal 
parturition and in the pathophysiology of premature 
labor. 

We have chosen primary monolayer cultures of cells 
isolated from the cervices of pregnant guinea pigs at 
50 days’ gestation to study the mechanism of signal 
transduction of collagenase production for the follow- 
ing reasons: (1) there is an inadequate supply of cervical 
tissue from pregnant women, (2) cervical dilatation at 
parturition in both species is associated with a decrease 
in collagen (chemically and histologically) and a signif- 
icant increase in extractable levels of collagenase in the 
cervix,” *’ and (3) the guinea pig’s reproductive system 
resembles that of women in that it has a similar ovu- 
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lation cycle, ovulates spontaneously, and has an actively 
secreting corpus luteum, and most importantly contin- 
uation of pregnancy is not dependent on ovarian hor- 
mones after the first half of pregnancy.’ These char- 
acteristics make the guinea pig an appropriate model 
for studies of human reproduction.” 

Collagenase is synthesized and rapidly secreted by 
fibroblasts and chondrocytes.’ Synthesis and secretion 
are stimulated by platelet-derived growth factor," epi- 
dermal growth factor," interleukin-1,'° tumor necrosis 
factor,’ and phorbol esters.'* We have previously 
shown that collagenase messenger ribonucleic acid and 
collagenase activity are stimulated by human recom- 
binant interleukin-18 and 17f-estradiol in monolayer 
cell cultures of cervixes of pregnant guinea pigs at 50 
days gestation.® Furthermore, collagenase biosynthesis 
in culture is mediated by prostaglandins (PG) F,, and 
E. The mechanism of signal transduction of collagen- 
ase production in the guinea pig cervix is not known. 
This study examines the role of protein kinase C on 
collagenase production in the cervix of the pregnant 
guinea pig. Hydrolysis of endogenous phosphatidyli- 
nositol bisphosphate by phospholipase C results in the 
release of inositol triphosphate and diacylglycerol.” 
The release of inositol triphosphate and diacylglycerol 
results in increasing intracellular calcium concentration 
and activation of protein kinase C, respectively.’ The 
present study extends our previous findings by provid- 
ing evidence that activation of protein kinase C results 
in stimulation of collagenase production in cervical cell 
cultures of guinea pigs at 50 days’ gestation. 


Material and methods 


Material. The following reagents were obtained from 
the Sigma Chemical Company, St. Louis: tamoxifen, 
PGF,,, 176-estradiol, phorbol myristate acetate, 1-Stea- 
royl-2-arachidonyl-sn-glycerol, phospholipase C, bac- 
terial collagenase type Al, deoxyribonuclease type 1, 
and bis-benzimide (Hoechst H33258). Trypsin 1:250 
was obtained from Difco Laboratories, Detroit. 1l- 
(5-Isoquinoline-sulfonyl)-2-methylpiperazine dihydro- 
chloride (H-7) was obtained from Seikagaku America, 
St. Petersburg, Fla. Aquasol scintillation fluid and tri- 
tiated-methyl-thymidine were obtained from New En- 
gland Nuclear, Dupont, Markham, Ontario. 

Animals. Adult Hartley guinea pigs (Charles River, 
Montreal) were housed in guinea pig cages (three to 
five per cage) with a 12-hours-light and 12-hours-dark 
cycle and fed guinea pig chow and water as desired. 
Timed gestation was induced by mating animals within 
12 hours of delivery. Pregnant animals at 50 days of 
gestation (n = 10) were anesthetized with intramus- 
cular ketamine hydrochloride (50 mg/kg) and xylazine 
(3 mg/kg). After approximately 15 minutes they were 
killed by intracardiac exsanguination. With aseptic 
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technique a midline laparotomy and a total abdominal 
hysterectomy were performed according to a protocol 
approved by the Royal Victoria Hospital Research An- 
imal Care Sub-Committee. 

Cervical cell isolation and culture. Cervices ob- 
tained from 10 pregnant guinea pigs at 50 days’ ges- 
tation were cut into 2 to 4 mm pieces and digested with 
0.05% trypsin 1:250/0.02% ethylenediaminetetraace- 
tic acid (EDTA) in calcium and magnesium-free phos- 
phate-buffered saline solution (for 15 minutes on ice, 
followed by digestion with bacterial collagenase type 
Al, 0.5 mg/ml) and deoxyribonucleas type I (0.05 
mg/ml) in Dulbecco’s modified Eagle medium for 4 to 
6 hours at 37° C with gentle agitation. The digested 
mixed cervical cells were recovered by centrifugation 
at 365g for 10 minutes at room temperature every | to 
2 hours followed by washing once with Hanks’ balanced 
salt solution. The process was repeated until the tissue 
was completely digested (usually within 6 hours). The 
released cells were filtered twice through nylon mono- 
filament with a pore size of 400 pmol/L (Swiss Nitex, 
Thompson, Montreal) and recovered by centrifugation 
at 365g for 10 minutes at room temperature. The cells 
were washed three times with Hanks’ balanced salt so- 
lution followed by suspension in Dulbecco’s modified 
Eagle medium containing heat-inactivated (60° C for 
3() minutes) 10% fetal calf serum, penicillin G sodium 
(100 U/ml), streptomycin sulfate (100 pg/ml), and am- 
photericin B (1.25 pg/ml). Cell viability exceeded 90% 
as determined by the trypan blue exclusion test (ap- 
proximately 3 x 10° cells per cervix). For each exper- 
iment three to four pregnant guinea pigs at 50 days of 
gestation were used. Cells were counted with a hemo- 
cytometer slide. Cells were plated in Limbro plates con- 
taining 96 flat-bottom wells, (Flow Laboratories, 
McLean, Va.) at 1 x 10° cells per well in 300 pl medium 
and incubated in a humidified atmosphere of 5% car- 
bon dioxide in air at 37° C. After 3 days almost all cells 
had adhered. The medium and unattached cells were 
removed and replaced with fresh medium. Cells were 
then grown to confluency (usually within 3 days). 
Immediately before analysis of collagenase production, 
the cells were washed once in Hanks’ balanced salt so- 
lution, followed by the addition of different concen- 
trations of the chemicals and hormones to be tested in 
serum-free Dulbecco’s modified Eagle medium con- 
taining penicillin, streptomycin, and amphotericin B at 
the concentrations described above with appropriate 
controls containing ethanol, which was used as the sol- 
vent at 0.1% to 0.3% final concentration of ethanol in 
Dulbecco’s modified Eagle medium. After a further 
72 hours culture media were collected and frozen at 
—20° C until assayed for collagenase. The cells were 
collected after a brief exposure to 100 wl per well of 
0.05% trypsin and 0.02% EDTA in calcium and mag- 
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Table I. Tritiated methyl thymidine incorporation 


Control Dulbecco’s minimum essential medium 
Phorbol-12-myristate-13-acetate (10~* mol/L) 
1-Stearoyl-2-arachidonyl-sn-glycerol (1077 mol/L) 
Phospholipase C (0.1 U/ml) 

17B-Estradiol (1077 mol/L) 

PGF,, (10~° mol/L) 
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I ncorporation 


Counts/ min 





(mean + SEM) % 

62,753 + 3,393 5.76 
57,025 + 1,204 5.24 
55,025 + 7,552 5.1] 
43,849 + 8,425 4.03 
66,683 + 5,859 6.12 
51,080 + 8,862 4.69 


——_-_--_--er——————————— ee eee SEE 


Tritiated methyl thymidine added to each well contained 1.1 x 10° counts/min. Each value gives the mean value + SEM for 


quadruplicate wells. There were no significant differences. 


nesium-free phosphate buffered saline solution (5 to 
10 minutes, 37° C). Representative wells were counted 
with a hemocytometer slide. Cells from the remaining 
wells were frozen at — 20° C for deoxyribonucleic acid 
(DNA) determinations. 

Collagenase assay. Acid-soluble collagen was puri- 
fied from the skins of adult female Sprague-Dawley 
rats, and the collagenase substrate tritiated telopeptide- 
free collagen type I was prepared as previously de- 
scribed.° Collagenase was assayed with the specific col- 
lagenase method described by Dean and Woessner” 
with some modifications. Briefly, enzyme samples (up 
to 100 wl in assay buffer) were incubated with 10 pl of 
tritiated telopeptide-free collagen substrate (specific ac- 
tivity 3.1 x 10° counts/min/mg collagen at 2.24 
mg/ml, in 50 mmol/L Tris hydrochloride, pH 7.6, 0.3 
mol/L sodium chloride) in 1.5 ml microfuge tubes 
(39 x 10 mm, Sarstedt, Germany). Aminophenylmer- 
curic acetate (0.5 mmol/L) was added to activate pro- 
collagenase. 1,10-Phenanthroline (1 mmol/L) was 
added to inhibit collagenase and served as a blank con- 
trol. After 18 to 48 hours of incubation at 30° C, the 
reaction was terminated by the addition of EDTA, toa 
final concentration of 40 mmol/L. Collagenase cleavage 
products (TC, T'C*) were further digested by trypsin 
and chymotrypsin in the presence of type I collagen as 
a carrier protein for 2 hours at 30° C. The undigested 
tritiated telopeptide-free substrate was precipitated in 
10% trichloroacetic acid at 0° C for 30 minutes in the 
presence of 250 ug bovine serum albumin (10 mg/ml 
assay buffer) followed by centrifugation in a fixed speed 
Eppendorf centrifuge 5413 (Brinkman, Westbury, 
N.Y.) for 15 minutes. A 100 pl aliquot of the super- 
natant was mixed with 5 ml Aquasol scintillation fluid 
and counted in a Beckman scintillation spectrometer 
(Beckman, Palo Alto, Calif.). Mixing of these volumes 
resulted in minimal quenching of radioactivity (data not 
shown). The percent digestion was calculated as the 
total counts per minute in the supernatant minus 
counts per minute in the 1,10-phenanthroline blanks 
divided by original counts in the tritiated telopeptide- 
free substrate (in 100 pl of 10% trichloroacetic acid in 


assay buffer) x 100. One unit of collagenase is defined 
as the amount of collagenase that digests 1 pg of 
tritiated telopeptide-free collagen type I in 1 minute at 
30° C. 

Inactivation of tissue inhibitor of metalloprotein- 
ase. lo prevent the inactivation of activated collagenase 
by tissue inhibitor of metalloproteinase, the latter was 
inactivated by reduction of its six disulfide bridges in 
2 mmol/L dithiothrietol at 37° C for 30 minutes. To 
prevent spontaneous reactivation of tissue inhibitor of 
metalloproteinase, the reduced form was alkylated with 
5 mmol/L iodoacetamide at 37° C for 30 minutes. The 
samples were dialyzed against assay buffer for 18 hours 
at 4° C, then assayed for collagenase. This treatment 
increases the detection of collagenase and does not in- 
terfere with collagenase activity.® 7 

DNA determination. DNA was determined as pre- 
viously described." Briefly, cervical tissues were digested 
with proteinase K (0.5 mg/ml) for 24 hours at 56° C in 
0.1 mol/L sodium phosphate buffer, pH 6.5, contain- 
ing 0.01% EDTA. DNA standard curves were prepared 
from calf thymus DNA (0.1 to 1.0 wg) in 0.1 mol/L 
phosphate and EDTA buffer. To 100 wl of tissue digest 
was added 2 ml of a solution containing 1.0 pg/ml bis- 
benzimide in 0.05 mol/L sodium phosphate, pH 7.4, 
containing 2 mol/L sodium chloride. Fluorescence was 
recorded with an excitation at 356 nm and emission 
at 458 nm with a fluorescence spectrophotometer 
(model 650-IOS, Perkin-Elmer Corporation, Norwalk, 
Conn.). 

Tritiated thymidine incorporation. Primary mono- 
layer cell cultures of cervices from guinea pigs at 50 
day’s gestation were maintained in 96-well plates in 
Dulbecco’s modified Eagle medium with 10% fetal calf 
serum until confluency, as described above. The cells 
were washed twice in Hanks’ balanced salt solution fol- 
lowed by the addition of 75 wl of serum-free Dulbecco's 
modified Eagle medium (in the presence or absence of 
hormones and chemicals to be tested). Twenty-five mi- 
croliters of serum-free Dulbecco’s modified Eagle me- 
dium containing | pCi of tritiated methyl thymidine 
(6.7 Ci/mmol) were added during the last 18 hours in 
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culture. Cells were incubated in an atmosphere of 5% 
carbon dioxide in air at 37° C. Culture media were 
removed, and cells were suspended by brief exposure 
to 100 wl per well of 0.05% trypsin and 0.02% EDTA 
in calctum-and magnesium-free phosphate-buffered 
salt solution for 5 minutes at 37° C. Cells were har- 
vested on filter mats with a cell harvester (Titertek Cell 
Harvester, Skraton Inc., Sterling, Va.). Filters were 
added to 10 ml Aquasol scintillation fluid and counted 
in a Beckman scinullation spectrometer. 

Statistical analyses. Results are expressed as the 
mean +1 SEM unless otherwise indicated. Statistical 
analyses were performed by analysis of variance for 
multiple observations with RS/1 Statistical Tools (BBN 
Software Products Corporation, Cambridge, Mass.). 
Statistical differences were determined with Bonfer- 
roni simultaneous confidence intervals for all compar- 
isons, when applicable. Differences between groups 
were considered significant when p = 0.05. Dose-re- 
sponse curve fitting was obtained with DeltaGraph ver- 
sion 1.5 with polynomial of degree setting at 3 
(DeltaPoint, Inc., Monterey, Calif.). 


Results 


Effects of phorbol myristate acetate, diacylglycerol, 
phospholipase C, 17f-estradiol, and PGF,, on DNA 
replications. Confluent cells were exposed to these 
chemicals and hormones in serum-free Dulbecco's 
modified Eagle medium in the presence of tritiated 
methyl thymidine. There was no significant effect on 
tritiated thymidine incorporation into DNA when com- 
pared with control under these conditions (Table I). 

Stimulation of procollagenase by known activators 
of protein kinase C. The addition of the tumor pro- 
moter phorbol-12-myristate-13-acetate (Fig. 1, A) or 
the diacylglycerol 1-stearoyl-2-arachidonyl-sn-glycerol 
(Fig. 1, B) resulted in a twofold stimulation of procol- 
lagenase production. Each of these activators, at all con- 
centrations tested, resulted in an increase in procolla- 
genase production. Dose-response effects were ob- 
served with a maximum response at 10- mol/L for 
phorbol-12-myristate-13-acetate and 10-7 mol/L for 1- 
stearoyl-2-arachidonyl-sn-glycerol. Similarly, the addi- 
tion of bacterial phospholipase C (0.01 to 10 U/ml Dul- 
becco’s modified Eagle medium) also resulted in a 
threefold stimulation of procollagenase production 
with a maximum response at 0.1 U/ml (Fig. 2). 

Evidence for role of protein kinase C in mediating 
procollagenase stimulation of prostaglandins and es- 
trogen. PGF,, (107° mol/L) (Fig. 3, A) and 17B-estradiol 


(1077 mol/L) (Fig. 3, B) stimulate the production of 


procollagenase in culture. The observed stimulation by 
both hormones was completely blocked by 1-(5-isoqui- 
noline sulfonyl)-2-methylpiperazine dihydrochloride, 
H-7, an inhibitor of protein kinase C.'* The stimulatory 
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Fig. 1. Effects of activation of protein kinase C by phorbol- 
| 2-myristate-13-acetate (a) and by diacylglycerol l-stearoyl-2- 
arachidonyl-sn-glycerol (b) on procollagenase production 
from primary monolayer cervical cell cultures of four preg- 
nant guinea pigs at 50 days’ gestation. Culture medium from 
each well was reduced with dithiothreitol, alkylated with 10- 
doacetamide, dialyzed, and assayed for collagenase in dupli- 
cate in the presence of aminophenylmercuric acetate (0.5 
mmol/L, added to activate procollagenase). Samples as- 
sayed for collagenase in presence of 1,10-phenanthroline 
(1 mmol/L, added to inhibit collagenase) served as blank con- 
trols. Mean + SEM. Each point determination represents 
mean of quadruplicate wells assayed for collagenase. 
— Log[M], Negative logarithm of molar concentration; asterisk, 
p < 0.05 versus control (analysis of variance). 


effect of 17B-estradiol but not that of PGF», was com- 
pletely abolished by the estrogen antagonist tamoxifen. 


Comment 


Interstitial collagenase is believed to play an impor- 
tant role in the cleavage of collagen during cervical 
dilatation at parturition in the human.’ We have shown 
that the pregnant guinea pig can be used to study the 
regulation of this process.*’ In this study we have ex- 
tended our previous findings to examine the mecha- 
nism of signal transduction of collagenase production 
in cultured cervical cells of the guinea pig at 50 days’ 
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Fig. 2. Effects of hydrolysis of endogenous phosphatidylinos- 
itol bisphosphate by bacterial phospholipase C on procolla- 
genase production from primary monolayer cervical cell cul- 
tures of three pregnant guinea pigs at 50 days’ gestation. Cul- 
ture medium from each well was reduced with dithiothreitol, 
alkylated with iodoacetamide, dialyzed, and assayed for col- 
lagenase in duplicate in the presence of aminophenylmercuric 
acetate (0.5 mmol/L, added to activate procollagenase). Sam- 
ples assayed for collagenase in presence of 1,10-phenanthro- 
line (1 mmol/L, added to inhbit collagenase) served as blank 
controls. Mean + SEM. Each point determination represents 
mean of quadruplicate wells. Asterisk, p < 0.05 versus control 
(analysis of variance). 


gestation. Collagenase is not stored in fibroblasts, and 
biosynthesis is accompanied by prompt secretion of the 
enzyme into the extracellular matrix.’ Therefore se- 
cretion of the enzyme is a measure of collagenase bio- 
synthesis. Ordinarily, activated procollagenase is 
inactivated by available tissue inhibitor of metallopro- 
teinase as soon as the enzyme is activated. With a re- 
cently developed sensitive and specific assay to detect 
latent procollagenase and a method to inactivate tissue 
inhibitor of metalloproteinase, it was possible to mea- 
sure the total latent enzyme produced by these cells. It 
was also important to determine the mitogenic effect 
of the chemicals and hormones used in this study on 
cervical cells. As shown in Table I, there was no sig- 
nificant effect on cell division as determined by tritiated 
thymidine incorporation of any of the reagents tested 
compared with the controls when using confluent cul- 
tures and serum-free medium. The dissociation be- 
tween mitogenic activity and protein synthesis under 


these conditions allowed us to investigate the effect of 


these reagents on procollagenase biosynthesis in 
culture. 

The role of protein kinase C activation in procolla- 
genase biosynthesis was studied. Hydrolysis of endog- 
enous phosphatidylinositol bisphosphate by bacterial 
phospholipase C™* and activation of protein kinase C 
by phorbol-12-myristate-13-acetate and diacylglycerol 
resulted in twofold to threefold stimulation of procol- 
lagenase production. These results indicate that pro- 
duction of procollagenase may be mediated by activa- 
tion of endogenous phospholipase C resulting in 
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Fig. 3. Effects of PGF», (a) and 17ßB-estradiol (E>) (b) as mod- 
ified by estrogen antagonist tamoxifen and protein kinase C 
inhibitor 1-(5-isoquinoline sulfonyl)-2-methylpiperazine di- 
hydrochloride (H-7) on procollagenase production in primary 
monolayer cervical cell cultures of three pregnant guinea pigs 
at 50 days’ gestation. Each point determination represents 
mean of quadruplicate wells assayed for collagenase in du- 
plicate after reduction with dithiothreitol, alkylation with io- 
doacetamide, and dialysis in presence of 0.5 mmol/L ami- 
nophenylmercuric acetate. Asterisk, p < 0.05 versus control; 
asterisks, p < 0.05 versus PGF», (a) and 17B-estradiol (b) (anal- 
ysis of variance). 


hydrolysis of phosphatidylinositol biphosphate, pro- 
duction of diacylglycerol, and activation of protein ki- 
nase C. We have previously shown that 17ßB-estradiol 
stimulates procollagenase production in cultured cer- 
vical cells of guinea pigs at 50 days’ gestation through 
a prostaglandin intermediate with an optimum re- 
sponse at 1077 mol/L.° PGF», also stimulates procolla- 
genase production with an optimum response at 10~° 
mol/L.° In this study the stimulatory effect of 17B- 
estradiol and not that of PGF», was completely blocked 
by the estrogen antagonist tamoxifen, indicating a spe- 
cific effect of estrogen. The observed stimulatory ef- 
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Fig. 4. Schematic presentation of possible mechanism of signal transduction of stimulation of pro- 
collagenase production by PGF». PK-C, Protein kinase C; ptd-Jns P», phosphatidylinositol bisphos- 
phate; sER, smooth endoplasmic reticulum; CaM 4Ca°*, calcium-activated calmodulin, AP-1/P39, 
protein product of c-jun protooncogene; FOS, protein product of c-fos protooncogene. (See text for 


details). 


fects of 17f-estradiol and PGF». were completely 
blocked by 1-(5-isoquinoline sulfonyl)-2-methylpiper- 
azine dihydrochloride, a protein kinase C inhibitor" 
providing additional support for activation of protein 
kinase C in collagenase production. These findings are 
further supported by other reports. Estradiol-17f has 
been shown to stimulate renal PGE, production." PGE, 
is converted to PGF». by PGE, 9-ketoreductase that is 
widely distributed in several tissues.” Prostaglandin Fy, 
activates endogenous phospholipase C, resulting in hy- 
drolysis of phosphatidylinositol bisphosphate and ac- 
tivation of protein kinase C.*! 

Other published evidence supports a role for protein 
kinase C activation in collagenase production. Phorbol 
myristate acetate, which mimics the effect of diacylgly- 
cerol and activates protein kinase C, is a potent stim- 
ulator of rabbit synovial cells to produce collagenase in 
culture.” Tumor necrosis factor-a also activates tran- 
scription of procollagenase messenger ribonucleic acid 
by a protein kinase C—mediated activation of the 


protooncogenes c-fos and c-jun.'* The trans-acting 
transcription proteins of protooncogene products 


(AP1/P39 and FOS proteins) act on the cis-acting tran- 


scription elements TGAGTCA at positions — 73 to — 65 
upstream of the procollagenase gene, resulting in its 
activation by a protein kinase C pathway."* Such studies 
provide strong evidence for PGF;,,-induced, protein ki- 
nase—mediated activation of collagenase production. 
Although the effect of PGF,, on c-jun and c-fos is not 
known, the most likely outcome of activation of protein 
kinase C by PGF,, is an immediate activation of these 
protooncogenes, resulting in activation of collagenase 
gene. A schematic presentation of our current state of 
knowledge on possible PGF,,-mediated signal trans- 
duction pathways leading to an activation of collagenase 
gene is presented in Fig. 4. 

In this study our finding of stimulation of collagenase 
production in cultured cervical cells of guinea pigs at 
50 days’ gestation by PGF» is in agreement with our 
previously published studies”’ and those of others,” 
With regard to the stimulatory effect of 17f-estradiol 
on collagenase production, findings from this study are 
in agreement with our previously published studies 
with cultured cervical cells of guinea pigs at 50 days’ 
gestation and cultured cervical tissue of nonpregnant 
animals.*’ In the postpartum rat uterus administration 
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of 17B-estradiol resulted in inhibition of collagenase 
activity and retardation of postpartum involution of the 
uterus.” Jeffrey et al.,™ on the other hand, have failed 
to demonstrate any significant effect on collagenase 
production by 17f-estradiol in organ culture of the 
postpartum rat uterus. The apparent discrepancies in 
the effects of 17B-estradiol on collagenase production 
may be due to one or more of the following: (1) dif- 
ferent responsiveness of two different organs (i.e., 
uterus and cervix), (2) variation in uptake and metab- 
olism of the administered hormones in vivo and in vitro, 
and (3) postpartum involuting rat uterus may respond 
differently from the cervix of the guinea pig at 50 days’ 
gestation, 

The finding that bacterial phospholipase C stimulates 
cervical collagenase production, a key enzyme in cer- 
vical dilatation at parturition, is of clinical significance 
in understanding the pathophysiologic parameters of 
preterm labor. There is a significant body of evidence 
suggesting a role for infection-mediated products such 
as interleukin-18, platelet-activating factor, phospho- 
lipase A», phospholipase C, and tumor necrosis factor 
in the pathophysiologic features of preterm labor.” It 
is possible to speculate that phospholipase C and PGF., 
may lead to premature stimulation of cervical colla- 
genase resulting in degradation of type I collagen, the 
main structural protein in the extracellular matrix of 
the cervix, and leading to preterm cervical dilatation. 
High levels of circulating collagenase are present in 
women at parturition and significantly higher levels are 
present in women in premature labor, suggesting a role 
for collagenase in the pathophysiologic characteristics 
of premature labor.* 

In summary, collagenase production in cultured cer- 
vical cells of 50-day pregnant guinea pigs is stimulated 
by activation of protein kinase C. Furthermore, 17B- 
estradiol and PGF». stimulate collagenase production 
by activation of protein kinase C. 


We thank Jane Wishart and Mark Lepik for pro- 
cessing the figures. 
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Hydrogen peroxide and reoxygenation cause 


prostaglandin-mediated contraction of human placental arteries 


and veins 


Hatim A. Omar, MD, Reinaldo Figueroa, MD,” Rawhi A. Omar, MD, PhD,* 


Nergesh Tejani, MD, and Michael S. Wolin, PhD* 
Valhalla, New York, and Morgantown, West Virginia 


OBJECTIVE: Because our previous studies in several vascular preparations suggest that posthypoxic 
reoxygenation elicits tone responses by generation of hydrogen peroxide we compared the actions of 
reoxygenation and hydrogen peroxide on isolated human placental arteries and veins. 

STUDY DESIGN: Endothelium-intact and denuded arteries and veins (1 to 2 mm diameter, from normal 
term deliveries), incubated under 95% oxygen/5% carbon dioxide or 5% oxygen/5% carbon dioxide 
(balance nitrogen) and precontracted with 1 to 10 nmol/L U46619, were exposed to hypoxia (95% 
nitrogen/5% carbon dioxide, Po, 8 to 10 torr) followed by reoxygenation and to 1 to 100 pmol/L hydrogen 
peroxide in the presence and absence of the inhibitor of prostaglandin biosynthesis, 10 pmol/L 


indomethacin. 


RESULTS: In both arteries and veins posthypoxic reoxygenation or exposure to hydrogen peroxide 
produced vascular contraction that was eliminated or reversed to a modest relaxation by indomethacin, 
consistent with mediation by prostaglandins. Hypoxia after incubation with 5% oxygen, but not 95% 
oxygen, caused a modest prostaglandin-independent relaxation. Removal of the endothelium did not alter 


any of these responses. 


CONCLUSION: Placental arteries and veins show a similar prostaglandin-mediated contraction to 
hydrogen peroxide and posthypoxic reoxygenation, consistent with a possible involvement of hydrogen 
peroxide in the response to reoxygenation. (Am J OssteT GYNECOL 1992;167:201-7.) 


Key words: Endothelium, hydrogen peroxide, oxygen, placental vessels, prostaglandins 


Our studies of a variety of vascular preparations have 
suggested that reoxygenation, with physiologic or hy- 
peroxic oxygen tensions, after a brief period of hypoxia 
causes vascular responses that appear to involve the 
generation of hydrogen peroxide.'* For example, in 
the calf pulmonary and coronary artery reoxygenation 
appears to produce a hydrogen peroxide—elicited re- 
laxation caused by the activation of guanylate cyclase, 
resulting in production of the intracellular mediator 
guanosine cyclic-3’,5’-monophosphate." * In the rat 
skeletal muscle microcirculation, the reoxygenation 
caused by the release of a brief (15 second) arteriolar 
occlusion or the administration of hydrogen peroxide 
causes vasodilation mediated by both the generation of 
dilator prostaglandins and by a prostaglandin-inde- 
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pendent mechanism, which may also involve guanosine 
cyclic 3',5'-monophosphate.’ Therefore the endoge- 
nous generation of hydrogen peroxide could contrib- 
ute to responses in other vascular preparations pro- 
duced by reoxygenation after exposure to hypoxia. 
Changes in oxygen tension have been shown to alter 
vascular tone of the umbilical artery in vitro in both 
lamb? and human.°” In the lamb umbilical artery both 
low and high Po, values were found to cause contrac- 
tion mediated by acetylcholine,’ whereas in the human 
umbilical artery only an increase in PO, causes con- 
traction, which is mediated by cyclooxygenase prod- 
ucts.” The human umbilical vein, however, was found 
to lack this oxygen-induced mechanism.’ Other studies 
suggest that oxygen induces thromboxane formation 
in human umbilical vessels.* Exposure of human um- 
bilical artery to oxygen was found to inhibit prosta- 
glandin I, formation,” ° whereas hypoxia stimulated its 
production.” The production rate of thromboxane Ag, 
prostaglandin E,, and F,,, on the other hand, is larger 
at increased oxygen tension.” Thus an increase in Po, 
causes a prostaglandin-mediated contraction of human 
umbilical artery; however, little is known about the ef- 
fects of changes in Po, on tone in blood vessels present 
in the placental segment of the circulation. 
In the present study we investigated whether re- 
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Fig. 1A. Section from endothelium-intact human placental vein immunostained for factor VIII 
antigen. Intact endothelial layer is clearly visible. (Original magnification x 60.) 





Fig. 1B. Section from endothelium-denuded human placental vein immunostained for factor VIII 
antigen. Endothelial layer here is absent. (Original magnification x 60.) 


sponses to changes in Po, observed in the human um- 
bilical artery were present in isolated human placental 
arteries and veins and whether there are similarities 
between the response to reoxygenation and to exposure 
to hydrogen peroxide. Because the endothelium could 
potentially influence vascular tone by the release of 
mediators, all studies with changes in Po, and hydrogen 
peroxide were conducted in the presence and absence 
of the endothelium. Because of the potential impor- 
tance of prostaglandins in the oxygen-elicited responses 
of the human umbilical artery, the involvement of pros- 
taglandins in all observed responses was examined by 
inhibition of their formation with indomethacin. In ad- 


dition, responses were characterized both in the pres- 
ence of an atmosphere of 95% (Po, ~ 500 to 600 torr) 
or 5% oxygen (Po, ~ 35 torr) for comparison with the 
hyperoxic environment used in previous studies on iso- 
lated vascular tissue or to approximate physiologic oxy- 
gen tensions in the placental venous circulation, re- 
spectively. A nitrogen atmosphere (Po, 8 to 10 torr) 
was used to generate hypoxia. 


Methods 


Experimental techniques. Placentas from uncom- 
plicated term pregnancies were obtained immediately 
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Fig. 2. Effect of brief hypoxia on tone generated by 1 to 10 
nmol/L U46619 in human placental arteries (n = 5) and veins 
(n = 7), both endothelium intact (+ EC) and denuded (— EC) 
after incubation under 95% oxygen (O,). Tone is increase in 
force produced by U46619, once tone has reached steady- 
state under oxygen and then after exposure to nitrogen (N3) 
atmosphere. No alteration of tone was observed. 


after vaginal delivery or cesarean section and placed in 
ice-cold saline solution. Placental arteries and veins 
were then dissected from the peripheral half of the 
fetal side of the chorionic plate within 1 hour of delivery 
and placed in ice-cold Krebs-bicarbonate buffer (pH 
7.4) containing the following: sodium chloride, 118 
mmol/L; potassium chloride, 4.7 mmol/L; calcium 
chloride, 1.5 mmol/L; sodium bicarbonate, 25 
mmol/L; magnesium sulfate, 1.1 mmol/L; monopo- 
tassium phosphate, 1.2 mmol/L; and glucose, 5.6 
mmol/L. The vessels were then cleaned carefully from 
surrounding tissue and cut, with a new scalpel, with 
extreme care to avoid damage to the endothelium into 
rings. The vessel rings, 1 to 2 mm in diameter and 
2 mm in width, were mounted on wire hooks attached 
to Grass force displacement transducers (model FT03, 
Grass Instrument Co., Quincy, Mass.) for measurement 
of changes in isometric force. Vessels were incubated 
in 10 ml baths (Metro Scientific), which were temper- 
ature-controlled individually (37° C) in Krebs buffer 
gassed with either 95% oxygen—5% carbon dioxide or 
5% oxygen—5% carbon dioxide—90% nitrogen. Ten- 
sion was continuously adjusted during the equilibration 
period to 5 gm, which we found to be the optimal 
baseline force for observation of maximal contraction. 
The stretching of the vessels to this level of baseline 
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Fig. 3. Effect of brief hypoxia on tone generated by | to 10 
nmol/L U46619 in human placental vessels (n = 6) after in- 
cubation under 5% oxygen. Modest relaxation was observed 
in all groups. Relaxation of endothelium-intact arteries did 
not reach statistical significance (p = 0.09) Nə, Nitrogen; 
+EC, Endothelium intact; —EC, endothelium denuded. 


force produced ~ 1 gm of spontaneous tone generation, 
on the basis of the maximal relaxation elicited by ex- 
posure to nitroglycerin. Changes in force were re- 
corded on a Grass polygraph (model 7), and are re- 
ported as the increase in force above the 5 gm of com- 
bined passive and stretch-induced tone. Some of the 
rings were denuded of endothelium by gentle rubbing 
of the lumen of the vessel with the wooden handle of 
a cotton swab for about 40 seconds. After a 2-hour 
equilibration at the optimal passive tension, the vessels 
were depolarized with Krebs-bicarbonate containing 
potassium chloride (123 mmol/L) in place of sodium 
chloride. This treatment produces maximal contraction 
(~7 gm) and enhances the reproducibility of subse- 
quent contractions. The vessels were then reequili- 
brated with Krebs-bicarbonate for 30 minutes before 
experiments were conducted. 

The vessels were precontracted with 1 to 10 nmol/L 
U46619, tone was allowed to achieve a steady-state 
level, and the gas mixture bubbling the organ bath was 
then switched from 95% or 5% oxygen to 95% nitrogen 
(the three gas mixture contained 5% carbon dioxide, 
which maintained the pH at 7.4) for 5 to 7 minutes 


followed by rapid reoxygenation with the original gas 
mixture that was used before exposure to 95% nitro- 
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Fig. 4. Effect of indomethacin (INDO) treatment on hypoxic 
relaxation in human placental vessels (n = 6). No difference 
on level of relaxation between groups was observed, and in- 
domethacin did not significantly alter relaxation to hypoxia 
in any group. +£C, Endothelium intact; —EC, endothelium 
denuded. 


vations from preliminary experiments, where it was 
found that agonist-induced tone of 1 o 4 gm and a 5- 
minute period of hypoxia were needed for optimal re- 
producible observation of the reoxygenation-elicited 
contraction, that U46619 produced contraction of these 
vessels that was very stable with time, and that changes 
in Po, produced by shifting the gas mixtures between 
5% and 95% oxygen did not alter tone generation. 
Cumulative doses of hydrogen peroxide (1 to 100 
wmol/L) were added to the organ baths when steady- 
state tone was reached again. A 2-minute period was 
allowed between doses, and after the highest dose the 
vessels were thoroughly washed with Krebs solution. 
After 30 minutes the protocol was repeated in a second 
experimental cycle. Some of the vessels were treated 
between the two cycles with 10 pmol/L indomethacin 
for 15 minutes and the others were used as time con- 
trols. Dilutions of U46619 and hydrogen peroxide were 
made in distilled-deionized water, and 10 pl aliquots 
were added to the 10 ml baths, as indicated. Indo- 
methacin was dissolved in absolute ethyl alcohol and 
10 ul from the solution was added to the bath. Vehicle 
control with 10 pl ethyl alcohol was done in the first 
cycle for all vessels in the indomethacin-treated group. 

In most experiments both endothelium-intact and 
endothelium-denuded vessel rings were fixed in 10% 
buffered formalin, both before and after the experi- 
ment, and embedded in paraffin. Sections 5 pm thick 
were stained with the routine hematoxylin and eosin 
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Fig. 5. Summary data showing contraction of human placental 
arteries (n = 5) and veins (n = 7) on reoxygenation with 95% 
oxygen and the effect of indomethacin (JNDO) treatment on 
this contraction. No difference on level of contraction between 
groups was observed. In all groups contraction was reversed 
to modest relaxation by indomethacin. +EC, Endothelium 
intact; —EC, endothelium denuded. 


or immunostained for factor VIII antigen with a com- 
mercial staining kit (Dako Corp., Santa Barbara, Calif.) 
and with standard protocols, which we have routinely 
used for detection of various antigens. 

Material. U46619 was purchased from Cayman 
Chemical Company, Ann Arbor, Mich. Hydrogen per- 
oxide (30%) and indomethacin were obtained from 
Sigma Chemical Company (St. Louis). 

Statistical analysis. A paired Student ż test was used 
to compare the level of tone or the change in tone 
between first and second cycle. A one-way analysis of 
variance with Duncans’ multiple range test to deter- 
mine significance between groups was used for multiple 
comparisons among different vessels to determine the 
effects of endothelium and comparisons between ar- 
teries versus veins on all responses to hypoxia, reoxy- 
genation, or hydrogen peroxide. The accepted level of 
significance was p < 0.05. The number of experimental 
determinations in all cases is equal to the number of 
placentas from which a vessel ring was used for a treat- 
ment or control group. Data in the figures are depicted 
as means + SE. In all experiments described, responses 
were found to be reproducible with time. 


Results 

Histologic examination of the vessels. Hematoxylin 
and eosin—stained sections clearly demonstrate an in- 
tact endothelial layer in control vessels, whereas that 
layer is almost totally (90% of intial surface) absent in 
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denuded vessels (not shown). Immunostaining for fac- 
tor VIII antigen confirms the endothelial nature of the 
cells (Figs. 1A and 1B). 

Effects of hypoxia. In the first group of experiments, 
conducted on placental arteries and veins gassed with 
95% oxygen, exposure to a brief period of hypoxia (Po, 
8 to 10 torr) did not alter the level of tone in any group 
of vessels, as is shown in Fig. 2. Vessels incubated under 
5% oxygen (Po, 35 to 40 torr), however, underwent a 
relaxation of ~20% during the first 3 minutes of ex- 
posure to hypoxia (Fig. 3). This relaxation was statis- 
tically significant in all groups except the endothelium- 
intact arteries (p = 0.09). Similar results were also ob- 
served in the presence of indomethacin. Indomethacin 
did not significantly alter the magnitude of the hypoxic 
relaxation, as shown in Fig. 4. 

Effect of reoxygenation. Reintroduction of 95% oxy- 
gen after 5 to 7 minutes of exposure to hypoxia elicited 
an increase in tone of about 15% to 20% in all vessels. 
This contraction started almost immediately after reox- 
ygenation and reached maximum within 2 minutes. 
The duration of this contraction averaged 3 to 5 min- 
utes and was followed by a return to the initial level of 
tone. Treatment with 10 wmol/L indomethacin elimi- 
nated the reoxygenation contraction or reversed it to 
a modest relaxation (Fig. 5). On the other hand, reox- 
ygenation with 5% oxygen produced significant con- 
traction only in the veins. The arteries showed a very 
modest increase in tone, which was not statistically sig- 
nificant ( Fig. 6). As shown in Fig. 6, indomethacin treat- 
ment caused a complete elimination of this contraction, 
and in general a reversal to relaxation was observed. 

Effects of hydrogen peroxide. Addition of 1 to 10 
wmol/L hydrogen peroxide caused only a minor, non- 
significant increase in tone (not shown), whereas 0.1 
mmol/L hydrogen peroxide elicited contraction in all 
vessels under both 95% and 5% oxygen (Figs. 7 and 
8). There was no significant difference between arteries 
and veins in their response to hydrogen peroxide under 
95% oxygen (Fig. 7), whereas under 5% oxygen the 
venous contraction to 0.1 mmol/L hydrogen peroxide 
was more than double that of the arteries (Fig. 8). Hy- 
drogen peroxide addition after treatment with indo- 
methacin, however, caused a modest relaxation in all 
vessels under both oxygen atmospheres (Figs. 7 and 8). 
Removal of the endothelium did not alter any of the 
responses to hypoxia, oxygen, or hydrogen peroxide 
as shown in Figs. 2 through 8. 


Comment 


Similar to findings in human umbilical artery,” this 
study shows that oxygen induces contraction in human 
placental arteries and veins. Responses to increments 
of Po, are not always maintained in human umbilical 
artery, and a hypoxic period before the introduc- 
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Fig. 6. Effect of reoxygenation with 5% oxygen on human 
placental vessels (n = 6). Veins contracted to significantly 
(p< 0.05) greater level than the arteries; indomethacin 
(INDO) eliminated this contraction and reversed it to modest 
relaxation in all groups. +EC, Endothelium intact; — EC, en- 
dothelium denuded. 


tion of oxygen is needed to observe a response to oxy- 
gen.”’ As previously described in the human umbili- 
cal artery,” ’ the contraction to reoxygenation in the 
human placental vessels also seems to be mediated by 
cyclooxygenase products, because it was eliminated by 
indomethacin. This mechanism appears to be different 
from the oxygen-induced contraction in the sheep um- 
bilical artery, where it was reported to be mediated by 
acetylcholine. Unlike the human umbilical vein, which 
was reported to lack this oxygen-induced mechanism,” 
the human placental vein in this study was very sensitive 
to increases in Po». 

The findings of this study in the human placental 
vessels is consistent with our previous studies in other 
vascular preparations’? in that reoxygenation after a 
brief period of hypoxia leads to a response that is sim- 
ilar to that caused by exposure to hydrogen peroxide. 
In the human placental vessels hydrogen peroxide in- 
duces a prostaglandin-mediated contraction. Because 
reoxygenation produces a similar contraction, we hy- 
pothesize that an abrupt increase in Po, after exposure 
to hypoxia results in the generation of hydrogen per- 
oxide. In our previous studies in other species we have 
shown that hydrogen peroxide produces tone re- 
sponses by different mechanisms, including prosta- 
glandins and guanosine cyclic 3',5'-monophosphate.'” 

The observation that hypoxia did not alter tone of 
the human placental arteries and veins after incubation 
under 95% oxygen whereas those vessels equilibrated 
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Fig. 7. Effect of topical application of 0.1 mmol/L hydrogen 
peroxide on human placental arteries (n = 6) and veins 
(n = 7) under 95% oxygen. No difference on level of con- 
traction between groups was observed. In all groups contrac- 
tion was reversed to modest relaxation by indomethacin 
(INDO). +EC, Endothelium intact; —EC, endothelium de- 
nuded. 


under 5% oxygen, showed relaxation to hypoxia is sim- 
ilar to observations in rabbit arteries where chronic ex- 
posure to physiologic oxygen tension led to a change 
in the response to hypoxia.” This change in response 
was termed adaptation, a term used to describe previous 
observations that a prolonged exposure of isolated 
blood vessels to a certain normoxic or hypoxic oxygen 
tension resulted in a change in the tone response elic- 
ited by exposure to severe hypoxia, followed by reox- 
ygenation to the original oxygen atmosphere. This is 
similar to the expression of the relaxation caused by 
exposure to nitrogen atmosphere after prolonged 
incubation with 5% oxygen, which was not observed in 
the experiments conducted with 95% oxygen. The ob- 
served hypoxic relaxation of human placental vessels 
in this study does not appear to be mediated by pros- 
taglandins, because it was not significantly changed by 
indomethacin. However, the mechanism for these re- 
sponses or adaptation to hypoxia remains to be eluci- 
dated. 

Results of previous studies” ’ and the present study 
indicate that reoxygenation causes a prostaglandin-me- 
diated contraction. We suggest that reoxygenation after 
a brief period of hypoxia leads to a period of increased 
hydrogen peroxide generation, which appears to in- 
duce prostaglandin production, leading to the observed 
contraction. In addition, this response does not depend 
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Fig. 8. Effect of 0.1 mmol/L hydrogen peroxide on human 
placental vessels (n = 7) under 5% oxygen. Veins contracted 
to significantly (p < 0.05) greater level than arteries. Indo- 
methacin (INDO) reversed the contraction to modest relaxa- 
tion. +EC, Endothelium intact; — EC, endothelium denuded. 


on the endothelium, because it is present in endothe- 
lium-removed vessels. 

Currently we do not know what possible physiologic 
role these oxygen-induced mechanisms may play in the 
placental circulation; however, the contraction to in- 
creased Po, has been suggested as a contributor to clo- 
sure of the umbilical circulation at birth.* * Further 
studies are needed to determine if the reoxygenation- 
elicited contraction could contribute to vasospasm as- 
sociated with disease processes that affect the placental 
circulation. 


We thank the nursing staff of the labor and delivery 
unit at Westchester County Medical Center for their 
assistance. 
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Inhibitory effect of medroxyprogesterone acetate on 


angiogenesis induced by human endometrial cancer 
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and Naoki Terakawa, MD, PhD* 
Osaka and Yonago, Japan 


OBJECTIVE: The purpose of this study was to investigate the effect of medroxyprogesterone acetate on 
angiogenesis induced by endometrial cancer and to elucidate the possible mechanisms by which it inhibits 


the growth of the cancer. 


STUDY DESIGN: Tumors were obtained from 29 patients with endometrial adenocarcinoma, and 


angiogenesis was assayed in corneas of white rabbits. 


RESULTS: Transplantation of tumor tissues into rabbit corneas induced angiogenesis in 70.4% of the 
corneas, but their transplantation with a pellet of medroxyprogesterone acetate induced angiogenesis in 
only 21.5% of the corneas. This compound also inhibited angiogenesis induced by acidic fibroblast growth 


factor and transforming growth factor-a. 


CONCLUSION: Inhibition of angiogenesis may be one mechanism by which medroxyprogesterone acetate 
inhibits the growth of endometrial adenocarcinoma, and its inhibition of neovascularization induced by 
adenocarcinoma may be through its direct action on endothelial cells. (Am J OBSTET GYNECOL 


1992:167:207-11.) 


Key words: Medroxyprogesterone acetate, endometrial cancer, angiogenesis 
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The progressive growth of tumors is associated with 
neovascularization induced by an angiogenic factor(s) 
that is secreted by the tumors.’ ? Therefore inhibition 
of neovascularization could be effective for inhibiting 
tumor growth.* 

Since Anderson’ first reported a favorable response 
in patients with endometrial adenocarcinoma to the 
potent progestin, medroxyprogesterone acetate, many 
patients with advanced endometrial adenocarcinoma 
have been treated with this compound. Clinical studies 
have shown its efficacy for treatment of endometrial 
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cancer, although one third of patients with endometrial 
adenocarcinoma respond objectively to progestin ther- 
apy." We previously found that the growth of human 
endometrial adenocarcinoma cells in primary culture 
was significantly suppressed by medroxyprogesterone 
acetate’; a growth-inhibitory effect in a nude mouse 
system has been also reported.’ On the other hand, 
Gross et al.* and Oikawa et al.” have shown by rabbit 
cornea assay that medroxyprogesterone acetate inhibits 
angiogenesis induced by rabbit V2 carcinoma, mouse 
B-16 melanoma, and rat mammary tumor. Although 
medroxyprogesterone acetate seems to act directly on 
endometrial cancer to inhibit cancer growth, these find- 
ings suggest that its inhibition of angiogenesis may be 
one mechanism by which it inhibits the growth of en- 
dometrial adenocarcinoma. To obtain further infor- 
mation on its mechanism of action in human endo- 
metrial cancer, in this study we examined its effect on 
angiogenesis induced by adenocarcinoma. 


Material and methods 


Subjects. Tumor specimens were obtained at hyster- 
ectomy from 29 patients with primary endometrial ad- 
enocarcinoma who had not received previous treatment 
by radiotherapy, chemotherapy, or hormone therapy. 
The specimens obtained were immediately immersed 
in Eagle’s minimum essential medium (Handai Biken, 
Osaka) containing 200 U/ml of penicillin and 200 
ug/ml of streptomycin. Each specimen was divided into 
three equal parts, which were used for progestin re- 
ceptor assay, histopathologic examination, and angi- 
ogenic assay, respectively. The specimens for receptor 
assay were stored at — 80° C and used for assay within 
a week. Tumor specimens for angiogenic assay were 
transplanted into rabbit corneas within 3 hours. All 
specimens were graded histologically as previously de- 
scribed. ° 

Progestin receptor assay. The procedure for assay 
of cytoplasmic progestin receptors was as previously 
reported. All procedures were carried out at 0° to 
4° C. The tumor tissue was rapidly thawed, and tissue 
without blood clots or mucus was homogenized in 4 to 
10 volumes of phosphate buffer (5 mmol/L sodium 
phosphate, 5 mmol/L mercaptoethanol, 3 mmol/L 
magnesium chloride, 10 mmol/L sodium molybdate, 
and 20% glycerol, pH 8.0). The homogenate was cen- 
trifuged in a Hitachi RPS 65 rotor (Hitachi Sales Corp., 
Tokyo) at 105,000g for 60 minutes. Duplicate samples 
of 0.2 ml of the supernatant (2 to 6 mg/ml of protein) 
were incubated for 16 hours with a saturating concen- 
tration of 10 nmol/L tritiated promegestone (3.22 
TBq/mmol; New England Nuclear, Boston) and a 200- 
fold excess of cortisol. Nonspecific binding was deter- 
mined by parallel incubations with tritiated promege- 
stone plus cortisol in the presence of a 200-fold excess 
of promegestone in a final volume of 0.25 ml. The 
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mixture was then incubated further with 25 pl of 2.5% 
charcoal—0.025% dextran solution for 15 minutes. The 
charcoal was removed by centrifugation, and the ra- 
dioactivity of a 0.1 ml aliquot of the supernatant was 
counted. Samples with progestin receptor levels of > 10 
fmol/mg protein were classified as receptor positive. 

Assay of angiogenesis. Bioassay of angiogenesis with 
rabbit cornea was carried out as described by Gimbrone 
et al. All procedures were performed under sterile 
conditions. Young female Japanese white rabbits were 
used in the present study. A rabbit was anesthetized by 
injection of pentobarbital (25 mg/kg body weight) into 
the marginal ear vein. The eyeball was extruded for- 
ward and fixed with a rubber sheet with a hole in it 
smaller than the eyeball. A 2 mm incision was made in 
the center of the cornea, and a 2 mm corneal pocket 
was created by separating the lamella of the corneal 
stroma with an iris spatula. The base of the pocket was 
about 1.5 mm from the corneal limbal junction. A 
1 mm? pellet of ethylene vinyl acetate polymer’? with 
or without medroxyprogesterone acetate (200 ug) was 
placed at the base of the pocket, and then a 1.5 mm* 
piece of tumor was introduced with a trocar needle. 
Tumor fragments obtained from a patient were trans- 
planted into six corneas of three rabbits, one eye of 
each rabbit with medroxyprogesterone acetate and the 
other without as a control. In some experiments a pellet 
containing | pg acidic fibroblast growth factor (aFGF) 
or | pg transforming growth factor-a (TGF-a) instead 
of a piece of tumor was transplanted into the pocket 
of the cornea, with or without a pellet containing me- 
droxyprogesterone acetate (200 pg) or progesterone 
(200 ug). 

Ten days after the transplantation, angiogenesis 
from the limbus was evaluated. For this the rabbit was 
anesthetized and the eyeball was fixed as described 
above. Angiogenesis from the limbus was evaluated 
macroscopically, and the results were confirmed by 
reexamining the excised corneas under a dissection mi- 
croscope (Fig. 1). Corneas with inflammatory change 
or those that had lost tumor fragments were excluded 
from the evaluation. The excised corneas were fixed in 
10% buffered formalin. Sections of 5 pm thickness 
were prepared and stained with hematoxylin and eosin. 
The study was carried out according to the guidelines 
for the care and use of the animals approved by Osaka 
University Medical School. 

Statistics. Results were analyzed statistically by the 
Mantel-Haenszel test and Breslow-Day test or x” test. 


Results 


In the control group all tumor fragments from 29 
patients with endometrial adenocarcinoma induced an- 
giogenesis in at least one of three corneas. It was there- 
fore considered that the effect of medroxyprogester- 
one acetate could be evaluated on all 29 tumors. Be- 
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Table I. Effect of medroxyprogesterone 
acetate on angiogenesis induced by 
progestin receptor—positive and 
progestin receptor—negative 


endometrial adenocarcinomas 





Corneas 
with 
angiogenesis 












No. of 
corneal 
Treatment grafts 





Progestin 
recepi ors 





Positive Control 38 24 63.2 
(n = 17)  Medroxyproges- 44 10 22./* 
terone acetate 
Negative Control 30 23° (6.7 
(n = 11)  Medroxyproges- 32 5 15:29” 


terone acetate 
The Mantel-Haenszel test and the Breslow-Day test were 
used for statistical analysis. 
*Significant difference from control, p < 0.01. 


cause corneas with inflammatory changes and those 
that had lost tumor fragments were omitted, the ef- 
fective number of corneal grafts was 71 in the control 
group and 79 in the experimental group. The ade- 
nocarcinoma tissues induced angiogenesis in 50 of 71 
(70.4%) control corneas but in only 17 of 79 (21.5%) 
corneas in the presence of medroxyprogesterone ace- 
tate (Fig. 1). The difference between these values for 
the control and experimental groups was statistically 
significant (p < 0.01). These results indicate that me- 
droxyprogesterone acetate inhibited angiogenesis in- 
duced by endometrial adenocarcinoma. 

We next examined whether the inhibitory action of 
medroxyprogesterone acetate on angiogenesis is me- 
diated through progestin receptors in the adenocarci- 
nomas. Of 28 adenocarcinomas examined, 17 were pos- 
itive for progestin receptors. As shown in Table I, me- 
droxyprogesterone acetate prevented induction of 
angiogenesis by receptor-positive and receptor-nega- 
tive tumors to similar extents. In its presence angio- 
genesis occurred in 10 of 44 (22.7%) corneas containing 
receptor-positive tumors and in five of 32 (15.6%) cor- 
neas containing receptor-negative tumors. These ob- 
servations suggest that the inhibitory action of me- 
droxyprogesterone acetate on angiogenesis is not me- 
diated through progestin receptors in adenocarcinoma. 

With regard to the histologic grade of an adenocar- 
cinoma, 22 tumors were classified as grade 1, four as 
grade 2, and three as grade 3. There was no apparent 
difference in the angiogenic activities of tumors of dif- 
ferent grades of differentiation in the control group 
(Table II). In the medroxyprogesterone acetate— 
treated group, angiogenesis occurred in 12 of 60 
(20.0%) corneas containing grade | adenocarcinomas 
and in five of 19 (26.3%) corneas containing grade 2 
and 3 tumors. Thus medroxyprogesterone acetate in- 
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Fig. 1. Angiogenesis induced by endometrial adenocarcinoma 
10 days after transplantation of tumor grafts. Eyes were ex- 
amined with dissection microscope. Marked neovasculariza- 
tion from limbus (L) toward tumor graft (7) is seen in control 
eye (A). No angiogenesis is seen in contralateral eye in pres- 
ence of medroxyprogesterone acetate (B). P, Pellet with or 
without medroxyprogesterone acetate in cornea. 


hibited angiogenesis regardless of the histologic grad- 
ing of the adenocarcinoma. 

The histologic appearance of tumor grafts 10 days 
after transplantation is shown in Fig. 2. In both the 
control (Fig. 2, A) and medroxyprogesterone acetate— 
treated (Fig. 2, B) group the tumor cells of grade | 
were viable, and there was no apparent difference in 
the histology of the grafts in the two groups. 

Pellets containing the angiogenic factors, aFGF or 
TGF-a, without tumor tissue induced angiogenesis in 
all the corneas examined (Table I1). Medroxyproges- 
terone acetate inhibited angiogenesis induced by aFGF 
in eight of nine corneas and prevented angiogenesis by 
TGF-a in all five corneas tested. 

Finally we examined whether medroxyprogesterone 
acetate acted as progestin in inhibition of neovascular- 
ization. For this a pellet containing 200 pg of proges- 
terone instead of the same amount of medroxyproges- 
terone acetate was transplanted into corneas. However, 
progesterone did not inhibit angiogenesis induced by 
aFGF in any of the nine corneas examined (Table III). 
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Fig. 2. Histologic appearance of grafts of endometrial ade- 
nocarcinoma of grade | on day 10 after transplantation. Grafts 
without (A) and with (B) medroxyprogesterone acetate were 
both viable. 


Comment 


To our knowledge this is the first report that me- 
droxyprogesterone acetate inhibits angiogenesis in en- 
dometrial cancer. Angiogenesis was induced by ade- 
nocarcinoma tissues in 70.4% of the rabbit corneas 
tested in the absence of medroxyprogesterone acetate 
but in only 21.5% of those tested with medroxypro- 
gesterone acetate. We previously showed that it inhib- 
ited the growth of cultured adenocarcinoma cells,” and 


it has been shown to decrease the circulating level of 


estrogen, which results in regression of adenocarci- 
nomas." The antiangiogenic effect of medroxyproges- 
terone acetate shown in the present study may be an- 
other mechanism by which this compound inhibits the 
progressive growth of adenocarcinomas. 

Recently several studies have shown that human en- 
dometrial adenocarcinoma cells produce an angiogenic 
factor(s)'*'’ and that medroxyprogesterone acetate re- 
duced the activity of this angiogenic factor(s) in an ex- 
tract of endometrial adenocarcinoma cells in vitro.” 
These results suggest that medroxyprogesterone ace- 
tate may prevent the progressive growth of endometrial 
adenocarcinoma by inhibiting their angiogenic fac- 
tor(s). On the other hand, in rabbit cornea medroxy- 
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Table II. Effect of medroxyprogesterone 
acetate on angiogenesis induced by 
endometrial adenocarcinomas of various 


histologic grades 







Corneas 
with 
angiogenesis 







No. of 
corneal 








Histologic grade Treatment 





Grade | Control 54 Ls! ee s S 
(n = 22) Medroxyproges- 60 ba “20ee 
terone acetate 
Grade 2 and 3 Control 17 1] 64.7 
(n = 7) Medroxyproges- 19 5 20.3 


terone acetate 





The Mantel-Haenszel test and the Breslow-Day tests were 
used for statistical analysis. 
*Significant difference from control, p < 0.01. 


Table III. Effects of medroxyprogesterone 
acetate and progesterone on aFGF- or 


TGF-a-induced angiogenesis 






Corneas 















with 
No. of | angiogenesis 
Angiogenic corneal 
factor Treatment transplants 





aFGF Control 16 16 100 
Medroxyprogesterone 9 L A 
acetate 
Progesterone 9 9 100 
TGF-a Control 5 5 100 
Medroxyprogesterone 5 0) O* 
acetate 





The y’ test was used for the statistical analysis. 
*Significant difference from control, p < 0.01. 


progesterone acetate inhibited angiogenesis and col- 
lagenolysis induced by an extract of a human hepa- 
toma. Moreover, it significantly suppressed the activity 
of a plasminogen activator produced by bovine endo- 
thelial cells in vitro. These findings also suggest that 
medroxyprogesterone acetate may act on the host en- 
dothelial cells to inhibit angiogenesis. 

We have suggested that in a cell culture system the 
anuproliferative effect of progestin on endometrial ad- 
enocarcinoma cells is mediated through progestin re- 
ceptors in the cells." '’ Clinical studies have shown that 
endometrial adenocarcinomas that have progestin re- 
ceptors are likely to respond to progestin therapy.*” In 
the present study, however, medroxyprogesterone ac- 
etate inhibited angiogenesis of both progestin receptor- 
positive and receptor-negative tumors to similar ex- 
tents, suggesting that its antiangiogenic effect was not 
mediated through progestin receptors in the adeno- 
carcinomas. Medroxyprogesterone acetate almost com- 
pletely inhibited the neovascularization induced by the 
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angiogenic factors aFGF and TFG-a, but progesterone 
did not influence the activities of these factors. These 
findings support the conclusion that the antiangiogenic 
action of medroxyprogesterone acetate is not mediated 
through progestin receptors. 

A statistically significant relationship has been dem- 
onstrated between tumor grading of endometrial ad- 
enocarcinomas and their response to medroxyproges- 
terone acetate therapy.’ ° A previous in vitro study 
showed that its cytocidal action is more pronounced in 
well-differentiated adenocarcinomas.” In the present 
study, however, medroxyprogesterone acetate had an- 
tiangiogenic effects on both well-differentiated and 
poorly differentiated adenocarcinomas. Furthermore, 
microscopic examination of tumor grafts showed that 
adenocarcinoma cells were viable in both the presence 
and absence of medroxyprogesterone acetate. There- 
fore the antiangiogenic effect on adenocarcinomas was 
unlikely to be due to a cytocidal action of the com- 
pound. Previous studies have shown that an antiangi- 
ogenic effect on tumors may be inactivation of the en- 
dothelial cells that cause neovascularization.* ° In the 
current study medroxyprogesterone acetate inhibited 
neovascularization induced by the angiogenic factors 
aFGF and TGF-a. Thus these results, together with the 
previous findings,* '* strongly suggest that medroxy- 
progesterone acetate acts on endothelial cells and in- 
hibits angiogenesis in endometrial adenocarcinoma, al- 
though the possibility that it reduces the production of 
an angiogenic factor(s) by adenocarcinomas cannot be 
ruled out. 

Medroxyprogesterone acetate inhibited angiogenesis 
induced by both progestin receptor—positive and pro- 
gestin receptor—negative adenocarcinomas, and by 
both well-differentiated and poorly differentiated ad- 
enocarcinomas. On the other hand, most of the ad- 
enocarcinomas that respond to therapy are progestin 
receptor positive and well differentiated.* ° This dis- 
crepancy between clinical data on medroxyprogester- 
one acetate therapy and experimental data on its an- 
tiangiogenic effect suggests that the antitumor effect 
of medroxyprogesterone acetate on adenocarcinoma 
cells plays an important role in the treatment of en- 
dometrial cancer, in concert with its inhibitory action 
on angiogenesis. 

We thank Dr. T. Oikawa for advice on assay of an- 
giogenesis. 
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Changes in expression of the cyclooxygenase gene in human 


fetal membranes and placenta with labor 


Phillip R. Bennett, BSc, MD, Deborah J. Henderson, BSc, and Gudrun E. Moore, BA, PhD 
London, England 


OBJECTIVE: Our objective was to examine the expression of the gene coding for cyclooxygenase, the 
central enzyme in prostaglandin synthesis, in human placenta and fetal membranes during pregnancy and 
before and after labor at term. 

STUDY DESIGN: Expression of the gene for cyclooxygenase was examined with Northern hybridization to 
ribonucleic acid from human placenta throughout pregnancy and human amnion and chorion decidua in 
the late third trimester. 

RESULTS: Expression was undetectable in trophoblast during the first and second trimesters. Expression 
in amnion and trophoblast increased 3.5- and 2.5-fold, respectively, in association with labor. 
CONCLUSIONS: Our results suggest that the increase in prostaglandin synthesis within the uterus that is 
seen with the onset of labor is associated with an increase in the expression of the gene cyclooxygenase. 


(Am J OssteT GYNECOL 1992;167:212-6.) 


Key words: Gene, cyclooxygenase, labor, amnion, trophoblast 


Recently, considerable interest has centered on the 
role of the fetal membranes in production of prosta- 
glandins, and other eicosanoids in association with hu- 
man parturition. Labor is associated with changes in 
the metabolism of the prostaglandin precursor arachi- 
donic acid within the fetal membranes, particularly the 
amnion.' Before labor, archidonic acid metabolism in 
amnion is primarily through the lipoxygenase enzymes. 
There is little or no metabolism by cyclooxygenase en- 
zyme pathways to prostaglandins.** In association with 
labor overall arachidonic acid metabolism in amnion 
increases. The majority of this increase is in cyclooxy- 
genase metabolism to prostaglandin E, (PGE,). Human 
chorion contains large concentrations of prostaglandin 
dehydrogenase and is principally a site of prostaglandin 
inactivation.* Human placenta produces both cycloox- 
ygenase and lipoxygenase metabolites of arachidonic 
acid and an epoxygenase product.** Both in the first 
trimester and after spontaneous labor, placenta has 
high arachidonic acid metabolic activity, producing cy- 
clooxygenase but principally lipoxygenase and epoxy- 
genase products. At term, before labor, its metabolic 
activity is significantly reduced.’ 


From the Action Research Laboratory for the Molecular Biology of 


Fetal Development, University of London, Royal Postgraduate Med- 
ical School, Institute of Obstetrics and Gynaecology, Queen Charlottes 
and Chelsea Hospital. 

Supported by grants from Action Research and Birthwright. 
Received for publication September 18, 1991; revised December 3, 
1991; accepted January 23, 1992. 

Reprint requests: Phillip R. Bennett, BSc, MD, MRCOG, University 
of London, Dept. of Obstetrics and Gynecology, Royal Postgraduate 
Medical School, Goldhawk Road, London, E ngland, W6 OXG. 
6/1/36683 


212 


A number of substances are known to stimulate pros- 
taglandin metabolism by the fetal membranes and are 
considered as candidates for the control of human par- 
turition. Platelet-activating factor stimulates prosta- 
glandin production in amnion, probably by increasing 
intracellular Ca?* concentrations and thereby increas- 
ing phospholipase activity. Platelet-activating factor is 
present in amniotic fluid during labor but not before 
labor. Because platelet-activating factor may be secreted 
by the fetal lungs, a link has been postulated between 
fetal lung maturation and initiation of labor.® Interleu- 
kins (IL) have also been postulated to be the signal for 
the onset of human parturition.” Human decidua is a 
source of IL-1B. IL-18 stimulates prostaglandin syn- 
thesis by amnion and decidua. There appears to be an 
increase in IL-1f activity in amniotic fluid in the third 
trimester and a further increase in association with par- 
turition. IL-18 has been shown to stimulate prostacyclin 
synthesis in human umbilical vein endothelial cells by 
stimulating an increase in the expression of the gene 
coding for cyclooxygenase.* 

It has been postulated that the increase in prosta- 
glandin synthesis seen in the fetal membranes in as- 
sociation with labor is due to an increase in phospho- 
lipase activity and a consequent increase in availability 
of arachidonic acid. However, the accompanying 
change in the cyclooxygenase lipoxygenase metabolism 
ratio suggests that there must also be an increase in the 
activity of the cyclooxygenase enzyme. The comple- 
mentary deoxyribonucleic acid (CDNA) sequence of cy- 
clooxygenase has been characterized in sheep, mouse, 
and human.*'' Unfortunately, the human cDNA clone 
has not been made available to us. The sheep cycloox- 
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ygenase enzyme shows a high degree of homology to 
the human. We have previously demonstrated that 
cyclooxygenase is a highly conserved gene found in a 
wide range of species and that the sheep cDNA may 
be used to detect expression of the human cyclooxy- 
genase gene by Northern blotting.” 

To identify whether labor is associated with increased 
expression of the cyclooxygenase gene we have per- 
formed experiments to examine the in vivo expression 
of cyclooxygenase in human placenta throughout preg- 
nancy and in human amnion and chorion at term be- 
fore and after spontaneous labor. 


Methods 


Tissues. Placental tissue was collected at termination 
of pregnancy by dilatation and suction evacuation at 5, 
8, 10, and 12 weeks of amenorrhea and by dilatation 
and instrumental evacuation at 14 and 20 weeks. Pla- 
cental tissue was identified macroscopically, and the tis- 
sue type was confirmed histologically. Fetal membranes 
and placenta were collected after delivery by cesarean 
section at 30 weeks for essential hypertension (one case) 
and at term, before the onset of labor, for previous 
cesarean section in otherwise uncomplicated pregnan- 
cies (10 cases). Fetal membranes and placenta were also 
collected from 10 cases of spontaneous labor and de- 
livery at term in uncomplicated pregnancies. Labor was 
complete in each case within 10 hours. There was no 
evidence of infection in any of the cases studied. 

Ribonucleic acid (RNA) isolation and Northern hy- 
bridization. To limit degradation, RNA was prepared 
from each of the samples immediately after collection. 
The amnion was carefully peeled from the chorion. 
The maternal surface of the term placenta was cut away 
and a tissue sample was taken from beneath it. All three 
tissues were washed thoroughly in phosphate-buffered 
saline solution to remove all traces of blood and were 
then snap-frozen dry in liquid nitrogen. Total RNA was 
isolated from each tissue with a guanidinium-phenol- 
chloroform method.'* The yield of RNA was deter- 
mined spectrophotometrically. Thirty micrograms of 
total RNA was denatured at 60° C in 75% formamide 
and 24% formaldehyde for 2 minutes. It was then 
loaded onto a 1.5% agarose gel containing 3% form- 
aldehyde and then separated by electrophoresis. The 
RNA within the gel was denatured in 0.05 mol/L so- 
dium hydroxide for 20 minutes and then transferred 
by Northern blot onto Hybond nylon filters (Amer- 
sham). Blots were baked at 80° C for 2 hours and pre- 
hybridized in 50% formamide, 0.75 mol/L sodium 
chloride, 0.075 mol/L sodium citrate, 50 mmol/L so- 
dium phosphate buffer (pH 6), 250 pg/ml denatured 
salmon sperm DNA, and 10x Denhardt's solution at 
42° C overnight. 

A 1.8 kb EcoRI fragment of the sheep cyclooxygenase 
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cDNA,’ subcloned in our laboratory, was radiolabeled 
by the method of Feiberg and Vogelstein.'' Hybridi- 
zation to the Northern blots was performed overnight 
at 42° C in the same solution as that used for prehy- 
bridization. Filters were washed sequentially in 5x, 
2x, 1x, and 0.5 saline solution—sodium citrate 
buffer. Autoradiography was undertaken for 5 days at 
— 70° C with intensifying screens. 

After autoradiography the cyclooxygenase cDNA 
probe was stripped from the filters. Filters were placed 
in double-distilled water at 98° C, and the water was 
allowed to cool slowly at room temperature. The filters 
were then prehybridized and hybridized to a radiola- 
beled cDNA for human B-actin with the same protocols. 
Filters were washed sequentially in 2 x, 1x, 0.5, and 
0.1 saline solution—sodium citrate buffer. Autora- 
diography was undertaken for 18 hours at — 70° C with 
intensifying screens. 

Expression of cyclooxygenase and f-actin was as- 
sessed densitometrically. B-Actin expression was used 
to confirm uniformity of loading. To compensate for 
nonuniform RNA loading, the density of signal as a 
result of hybridization of the cyclooxygenase probe to 
the Northern blot is expressed as a ratio of the B-actin 
signal density. Statistical analysis was performed with 
the Student ¢ test. 


Results 


RNA of good quality was isolated from each of the 
tissues. B-Actin was expressed in all of the tissues at all 
gestational ages. 

Differences in density of the B-actin transcript band 
were seen where RNA loading was not uniform; other- 
wise there were no apparent differences in the expres- 
sion of B-actin. Expression of cyclooxygenase was not 
detectable in trophoblast at 5, 8, 10, 12, 14, 20, or 30 
weeks but was seen on positive controls on the same 
filter. At term before labor, cyclooxygenase expression 
was seen at very low levels in amnion in four cases, 
chorion in two cases, and trophoblast in four cases. 
After the spontaneous onset of labor, expression was 
seen in all the amnion and placental samples and in six 
of the 10 chorion-decidual samples. Overall there was 
a 3.5-fold increase in the expression of cyclooxygenase 
in amnion(p < 0.005) and a 2.5-fold increase in its 
expression in trophoblast (p < 0.005) (Figs. 1 and 2). 
The small increase seen in expression in chorion-de- 
cidua did not reach statistical significance. 


Comment 


We have demonstrated that expression of cyclooxy- 
genase is not detectable by Northern analysis in human 
trophoblast in the first or second trimester of preg- 
nancy. At term, before labor, cyclooxyenase is ex- 
pressed at low levels in amnion, chorion-decidua, and 
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Fig. 1. Northern blot showing cyclooxygenase expression in amnion, chorion-decidua, and placenta 
collected at elective cesarean section (C/S) before onset of labor or after spontaneous onset of labor. 
Expression of B-actin is shown to control for uneven RNA loading. 


trophoblast. In association with labor there is a large 
increase in expression in amnion and trophoblast. 
These findings are in accord with previous studies that 
have shown that arachidonic acid metabolism in am- 
nion is essentially by lipoxygenase metabolic pathways 
until the onset of parturition, when there is a large 
increase in cyclooxygenase metabolism to prostaglan- 
dins.” It has been shown that bacterial products and 
inflammatory cytokines may stimulate PGE, production 
by fetal membranes.*’ It is possible that the increase 
in cyclooxygenase expression seen in the fetal mem- 
branes after spontaneous delivery may be a response 
to bacterial exposure. There was, however, no evidence 
of either intrapartum or puerpural sepsis in any of the 
patients studied nor were there any associated neonatal 
infections. 

Chorion is principally a site of prostaglandin catab- 
olism. The cyclooxygenase expression seen in chorion- 
decidua is probably mostly within the decidual part of 
this tissue. Decidua is composed of lymphocytes, which 
represent 20% of cell types at term, and decidual 
stromal cells. An increase in decidual prostaglandin 
synthesis with labor has been demonstrated,’ and it has 
been shown that there is an increase in cyclooxygenase 
enzyme levels in decidual stromal cells with labor.’’ Al- 
though we have seen a small increase in cyclooxygenase 
expression with labor in chorion-decidua, this did not 
reach statistical significance. It is probable that any in- 
crease in decidual stromal cyclooxygenase expression 


has been masked in our experiments by the presence 
of RNA from chorion and nonstromal decidual cells. 
This could be confirmed by in situ hybridization ex- 
periments. 

We have failed to demonstrate cyclooxygenase 
expression in placenta during the first trimester. First- 
trimester placenta has been shown to produce cycloox- 
ygenase products.” Therefore, there must be some 
expression of cyclooxygenase in first trimester tropho- 
blast but at a level below the sensitivity of our analysis. 
Because we did not separate placental trophoblast from 
connective tissue, it is possible that the presence of non- 
trophoblast RNA may be diluting the trophoblast RNA 
and reducing the apparent expression of cyclooxygen- 
ase. Maier et al.* have demonstrated that unstimulated 
human umbilical vein endothelial cells express the cy- 
clooxygenase messenger RNA (mRNA) at levels un- 
detectable by Northern hybridization. Our results sug- 
gest that this may also be the case in human trophoblast 
in the first and second trimesters of pregnancy. It is 
possible that either cyclooxygenase mRNA or the pro- 
tein itself has increased stability in the first trimester. 
We have found a large increase in cyclooxygenase 
expression in placenta in association with labor. This is 
consistant with the increase in synthesis of cyclooxy- 
genase products seen in trophoblast with parturition.’ 

The synthesis of prostaglandins in any tissue follows 
well-established pathways. The substrate arachidonic 
acid is released from intracellular phospholipids by the 
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Fig. 2. Cyclooxygenase expression as ratio of signal density cyclooxygenase to that of B-actin in 
amnion, chorion-decidua, and placenta collected at elective cesarean section before onset of labor 
or after spontaneous onset of labor. Mean + SD, n = 10. Asterisk, p < 0.05. 


action of phospholipases. In a reaction catalyzed by 
cyclooxygenase, free arachidonic acid is converted to 
unstable prostaglandin endoperoxides. These prosta- 
glandin endoperoxides are then converted by specific 
synthases to whichever prostaglandin, prostacyclin, or 
thromboxane is produced by the specific tissue. Recent 
theories of the initiation of human parturition have 
concentrated on phospholipase activity as the rate-lim- 
iting step in the synthesis of prostaglandins. Cycloox- 
ygenase activity has not been considered to be rate lim- 
iting because an immediate rise in prostaglandin syn- 
thesis can be seen after addition of exogenous 
arachidonic acid to intrauterine tissues. However, cy- 
clooxygenase has a very short life and undergoes a 
“suicide reaction” by inactivation of the apoprotein 
moiety of the enzyme by free radical species generated 
during catalysis.'® It is highly unlikely that cyclooxy- 
genase is simply waiting within the cell for an increase 
in phospholipase activity to increase its substrate avail- 
ability. It is more likely that the increase in total ara- 
chidonic acid synthesis and in cyclooxygenase metab- 
olism to PGs is caused by an increase in phospholipase 
activity coupled with increased synthesis of the cycloox- 
ygenase enzyme. Our data support this theory. 

There is some controversy as to which tissue within 
the uterus is the prime mover in the initiation of human 
parturition. Amniotic epithelium is a popular candidate 
because it contains the highest concentration of ara- 
chidonic acid of all tissues within the uterus” and dem- 
onstrates a significant increase in prostaglandin syn- 
thesis in association with labor.':* The chorion is prin- 
cipally a site of prostaglandin inactivation and does not 


itself synthesize prostaglandins. Several studies have 
investigated the intact transfer of prostaglandins from 
the amnion, across chorion-decidua, with conflicting 
results.'**' Because amnion is avascular and has no ex- 
ogenous supply of precursor arachidonic acid, its in- 
crease in prostaglandin synthesis must involve an in- 
crease in the activity of both phospholipase and cy- 
clooxygenase. We have demonstrated that the increased 
cyclooxygenase activity is associated with increased 
gene expression and therefore presumably increased 
enzyme synthesis. Whether this increase in cyclooxy- 
genase expression is due solely to increased substrate 
availability or stimulated by other factors remains to be 
demonstrated. It does appear that IL-1 may directly 
stimulate increased expression of cyclooxygenase,’ and 
this may be part of the mechanism by which this cy- 
tokine may initiate labor. 

Decidua is a vascular tissue and may have a contin- 
uous exogenous supply of arachidonic acid. Control of 
prostaglandin synthesis in decidua is likely to be 
through the activity of the cyclooxygenase enzyme and, 
therefore, because it has a very short half-life, through 
the expression of the cyclooxygenase gene. Examina- 
tion of the expression of cyclooxygenase in decidua will 
require either cell separation techniques or in situ hy- 
bridization. 

Placenta is not thought to play a central role in the 
prostaglandin synthesis of early parturition. Neverthe- 
less, its increase in cyclooxygenase activity after labor 
mirrors its overall increase in the metabolism of ara- 
chidonic acid. Like decidua, placenta has an available 
extracellular source of arachidonic acid. Experiments 
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by Rose et al.° have demonstrated that placenta will only 
synthesize cyclooxygenase products from exogenous 
arachidonic acid. Metabolism of endogenous substrate 
is only by lipoxygenase and epoxygenase pathways. 
Furthermore, addition of exogenous arachidonic acid 
to placental cells obtained before labor does not yield 
cyclooxygenase products. This suggests that cyclooxy- 
genase expression in trophoblast is not controlled sim- 
ply by the availability of substrate and may represent 
an important factor in the control of prostaglandin syn- 
thesis in this tissue. 

Whichever tissue is of greatest importance in pro- 
ducing the prostaglandins that initiate human labor, it 
appears that the increase in prostaglandin synthesis 
must be a consequence of both substrate availability and 
cyclooxygenase expression. In amnion, which is avas- 
cular, this must mean an increase in mobilization of 
stored arachidonic acid together with an increase in 
cyclooxygenase expression. In tissues with a good vas- 
cular supply and therefore an exogenous supply of 
archidonic acid, decidua, and placenta, it is likely that 
prostaglandin synthesis is controlled principally by cy- 
clooxygenase expression. An understanding of the fac- 
tors that control the expression of cyclooxygenase will 
provide valuable information about the mechanisms of 
parturition in humans. 
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A novel change in cytologic localization of human chorionic 


gonadotropin and human placental lactogen in first-trimester 


placenta in the course of gestation 


Takeshi Maruo, MD, Cecilia A. Ladines-Llave, MD,” Hiroya Matsuo, MD, 


Augusto S. Manalo, MD,” and Matsuto Mochizuki, MD* 


Kobe, Japan, and Manila, Philippines 


Cytologic localization of human chorionic gonadotropin and human placental lactogen in developing human 
early placenta was analyzed by avidin-biotin immunoperoxidase techniques with an affinity-purified 
polyclonal antibody to B-human chorionic gonadotropin carboxyl terminal peptide and a polyclonal antibody 
to human placental lactogen. In 4- to 5-week placentas human chorionic gonadotropin and human 
placental lactogen were found to be primarily localized to cytotrophoblasts, whereas in 6- to 12-week 
placentas these substances were exclusively localized to syncytiotrophoblast. We previously reported that 
a similar change in cytologic localization of epidermal growth factor and its receptor from cytotrophoblasts 
to syncytiotrophoblast in first-trimester placenta appeared between 5 and 6 weeks of gestation. Because 
epidermal growth factor was demonstrated to stimulate human chorionic gonadotropin and human 
placental lactogen production by early placental tissues, their simultaneous expression, as well as 
epidermal growth factor and its receptor in the cytotrophoblast of 4- to 5-week placenta and in the 
syncytiotrophoblast of 6- to 12-week placenta, implies that human chorionic gonadotropin and human 
placental lactogen production by first-trimester placenta may be regulated in an autocrine manner, wherein 
epidermal growth factor may serve as the signal. These findings suggest that in very early placenta, before 
6 weeks of gestation, no sequential expression of human chorionic gonadotropin and human placental 
lactogen closely linked to syncytia formation may exist and that both can be expressed in the 
cytotrophoblast or undifferentiated stem cell of villous trophoblast in very early placenta. (AM J OBSTET 


GYNECOL 1992;167:217-22.) 


Key words: Placenta, cytotrophoblast, human chorionic gonadotropin, human placental 


lactogen, immunohistochemistry 


The villous trophoblast of human placenta is com- 
posed of two distinct layers: an inner cell layer of mono- 
nuclear cytotrophoblast and an outer cell layer of mul- 
tinuclear syncytiotrophoblast. It is generally accepted 
that the cytotrophoblast is the undifferentiated stem 
cell of the villous trophoblast and that the syncytiotro- 
phoblast is the fully differentiated, end-stage cell de- 
rived from cytotrophoblast.'” 

The human placental trophoblast elaborates at least 
two peptide hormones, human chorionic gonadotropin 
(hCG) and human placental lactogen (hPL). A number 
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of immunohistochemical studies,”'’ including ours,"’ 


have indicated that immunoreactive B-hCG, hCG, and 
hPL are exclusively localized to the syncytiotrophoblast, 
whereas other immunohistochemical studies’* ° have 
suggested that the cytotrophoblast may contain im- 
munoreactive a-hCG. Consistent with the immuno- 
histochemical findings, Hoshina et al.,'* "° using in situ 
hybridization techniques to localize hCG (a and $) and 
hPL messenger ribonucleic acids in placental tissue sec- 
tions, showed that the expression of a-hCG messenger 
ribonucleic acid is initiated in some differentiating cy- 
totrophoblasts, whereas the expression of B-hCG mes- 
senger ribonucleic acid starts during the process of dif- 
ferentiation of syncytial trophoblast and hPL messen- 
ger ribonucleic acid is expressed only in the fully 
differentiated syncytiotrophoblast. However, it must be 
pointed out that the placental tissue materials used in 
the studies reported have been obtained at a gestational 
age later than 6 weeks, probably because of the greater 
availability of placental materials between 6 and 12 
weeks of gestation and at term. Thus the claim that the 
ability of human trophoblast to synthesize hCG and 
hPL is tied to syncytia formation may be limited to the 
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Fig. 1. Immunohistochemical localization of B-hCG carboxyl terminal peptide (hCGB-CTP) and hPL 
in very early first-trimester placenta. Formalin-fixed, paraffin-embedded sections of 4-week placenta 
were stained with anti-B-hCG-CTP antibody (A) and with anti-hPL antibody (B). Cytotrophoblastic 
cells (CT) showed pronounced staining with anti-8-hCG-CTP antibody and with anti-hPL antibody, 
whereas syncytiotrophoblast (ST) had scarce staining. (Original magnification x 200.) 


placenta with a gestational age >6 weeks. Nevertheless, 
it is known that hPL exerts a lipolytic and glucose- 
sparing effect on the mother to ensure that the nutri- 
tional demands of the fetus are met,'® 7 whereas hCG 
is responsible for the rescue of the corpus luteum, 
which is indispensable for the maintenance of very early 
pregnancy during the first 4 to 6 weeks of gestation.'* 
Thus it is of great importance to provide insight into 
the expression of hCG and hPL in very early placenta 
before 6 weeks of gestation. 

On the other hand, epidermal growth factor (EGF) 
has been demonstrated to stimulate the production of 
hCG and hPL by early placental tissues through the 
binding to EGF receptor.’ Furthermore, we have re- 
cently found that EGF and EGF receptor are initially 
expressed in the cytotrophoblasts in very early placenta 
before 6 weeks of gestation and thereafter expressed 
in the syncytiotrophoblast of 6- to 12-week placenta.” 
A remarkable change in cytologic localization of EGF 
and EGF receptor in very early placenta appeared be- 
tween 5 and 6 weeks of gestation. Thus it seems inter- 
esting to investigate whether cytologic localization of 
hCG and hPL in very early placenta may also change 
during the course of early gestation in association with 
the shift of cytologic localization of EGF and EGF re- 
ceptor in first-trimester placenta. Hence in the current 
study attention was focused on the expression of hCG 
and hPL in very early placenta, before 6 weeks of ges- 
tation, and the possible change in cytologic localization 
of hCG and hPL in first-trimester placenta over the 
course of early gestation was examined. 


Material and methods 


Material. First-trimester placentas were obtained 
from 12 patients who underwent elective abortion at 4 
to 5 weeks (three cases), 6 to 7 weeks (three cases), and 
8 to 12 weeks (six cases) of gestation. Third-trimester 
placentas were obtained from four patients who had 


cesarean section between 38 and 40 weeks of gestation. 
The gestational age of the placenta was determined by 
the known date of conception or estimation from the 
date of the patient’s last menstrual period. In all cases 
gestational age was further evaluated by ultrasono- 
graphic examination. Informed consent for the use of 
placental tissues for immunohistochemical studies was 
obtained from the patients before operation. 

Immunohistochemical staining. Placental tissues ob- 
tained were fixed in 4% buffered neutral formalin, de- 
hydrated, and embedded in paraffin. Sections, 5 to 
6 wm in thickness, were deparaffinized and followed 
by standard histologic techniques. 

Immunohistochemical staining was performed by av- 
idin/biotin immunoperoxide techniques with a poly- 
valent immunoperoxidase kit (Omnitags, Lipshaw, 
Mich.) as previously described by Maruo and Mochi- 
zuki.'' An affinity-purified sheep polyclonal antibody 
against B-hCG carboxyl terminal peptide (Takeda 
Chemical Industries, Osaka) and a rabbit polyclonal 
antibody against hPL (Dako Corp., Santa Barbara, 
Calif.) were used, respectively, as the primary antibod- 
ies in this study. The anti-B-hCGB carboxyl terminal 
peptide antibody and anti-hPL antibody were diluted 
1: 100 and 1: 1000 before use, respectively. 

To assure specificity of the immunologic reactions, 
adjacent control sections were subjected to the same 
immunoperoxidase method, except that the primary 
antibodies to B-hCG carboxyl terminal peptide or hPL 
were respectively replaced by nonimmune sheep im- 
munoglobulin G (Miles, Elkhart, Ind.) or nonimmune 
rabbit immunoglobulin G (Miles). In the controls no 
positive staining was observed. 


Results 

Fig. 1, A and B, shows the immunohistochemical 
staining for B-hCG carboxyl terminal peptide and hPL, 
respectively, in very early placenta obtained at 4 weeks 
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Fig. 2. Immunohistochemical localization of B-hCG-CTP and hPL in early first trimester placenta. 
Formalin-fixed, paraffin-embedded sections of 6-week placenta were stained with anti-B-CTP an- 
tibody (A) and anti-hPL antibody (B). Pronounced staining for B-hCG-CTP and hPL was observed 
in syncytiotrophoblast (ST), whereas cytotrophoblastic cells (CT) were negative for appreciable stain- 


ing. (Original magnification X 200.) 





Fig. 3. Immunohistochemical localization of B-hCG-CTP and hPL in first trimester placenta. For- 
malin-fixed, paraffin-embedded sections of 9-week placenta were stained with anti-B-hCG-CTP 
antibody (A) and anti-hPL antibody (B). Prominent staining for B-hCG-CTP and hPL was observed 
with maximal intensity in syncytiotrophoblast (ST), whereas cytotrophoblastic cells (CT) were negative 
for appreciable staining. (Original magnification X 200.) 


of gestation. Both immunostaining with anti-B-hCG 
carboxyl terminal peptide and anti-hPL antibody were 
prominent in cytotrophoblasts, whereas syncytiotro- 
phoblast showed scarce staining for B-hCG carboxyl 
terminal peptide and hPL. A similar pattern of im- 
munostaining for B-hCG carboxyl terminal peptide and 
hPL was observed in tissue sections of 5-week placenta. 

Fig. 2, A and B, represents the immunohistochemical 
staining for B-hCG carboxyl terminal peptide and hPL, 
respectively, in early placenta obtained at 6 weeks of 
gestation. Unlike the very early placenta obtained at 4 
to 5 weeks of gestation, both immunostaining with anti- 
B-hCG carboxyl terminal peptide antibody and anti- 
hPL antibody were exclusively localized to syncytiotro- 
phoblast. No appreciable staining for B-hCG carboxyl 
terminal peptide and hPL was found in cytotropho- 
blasts. In the case of 8- to 12-week placenta (Fig. 3, A 
and B), the pattern of cytologic localization of B-hCG 


carboxyl terminal peptide and hPL was similar to that 
in 6-week placenta, but the staining intensity for B-hCG 
carboxyl terminal peptide and hPL of the syncytiotro- 
phoblast was more prominent compared with that of 
6-week placenta. 

Fig. 4, A and B, shows the immunohistochemical 
staining for B-hCG carboxyl terminal peptide and hPL, 
respectively, in term placenta obtained at 40 weeks of 
gestation. Both immunostaining with anti-B-hCG car- 
boxyl terminal peptide antibody and anti-hPL antibody 
were focally observed with the exclusive localization in 
syncytiotrophoblast. 

The results of cytologic localization of B-hCG car- 
boxyl terminal peptide and hPL in first-trimester pla- 
centa according to the type of villous trophoblast and 
the gestational age are summarized in Table I. A re- 
markable shift in cytologic localization of B-hCG car- 
boxyl terminal peptide and hPL from cytotrophoblast 


Pati 





rr LPL Le Le ae TE a eT a ae Re, TF ee PTT eee Na ST eS aaa ee eee 
. 220 Maruo et al. July 1992 


EE A RE 


mR niig De i 
4 


~ 


e 
- 


TPL y FT 


T TTA "= 
T 


EE i ada 


a Se ST 
n ie 


TE TTS Ti 


- 
z< 


FS eS PS aT 


Am J Obstet Gynecol 





Fig. 4. Immunohistochemical localization of B-hCG-CTP and hPL in term placenta. Formalin-fixed, 
paraffin-embedded sections of 40-week placenta were stained with anti-8-hCG-CTP antibody (A) 
and anti-hPL antibody (B). Pronounced staining for B-hCG-CTP and hPL was focally observed with 
exclusive localization in syncytiotrophoblast (ST). (Original magnification X 200.) 


Table I. Cytologic localization of B-hCG-CTP and hPL in first-trimester and term placenta according to 
the gestational age 
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Semiquantitative scoring denotes intensity of immunostaining. 


to syncytiotrophoblast was found to appear between 5 
and 6 weeks of gestation. 


Comment 


The current study demonstrated that cytologic lo- 
calization of hCG and hPL in human first trimester 
placenta changes in the advancing course of gestation. 
In the very early placenta obtained at 4 to 5 weeks of 
gestation, hCG and hPL were primarily localized to 
cytotrophoblasts, whereas in early placenta obtained 
later than 6 weeks of gestation they were exclusively 
localized to syncytiotrophoblast. ‘These findings suggest 
that both are initially expressed in cytotrophoblasts in 
very early placenta before 6 weeks of gestation and 
thereafter expressed in syncytiotrophoblast in the pla- 
centa during the remainder of gestation. To our knowl- 
edge, the current study is the first to demonstrate the 
change in cytologic localization of hCG and hPL in 
developing human placenta in the course of early ges- 
tation. 

The change in cytologic localization of hCG and hPL 
from cytotrophoblasts to syncytiotrophoblast in very 
early placenta is of great interest considering the es- 


tablished finding that syncytiotrophoblast is formed 
from cytotrophoblasts by a process of proliferation fol- 
lowed by cell fusion.** In situ hybridization studies'* ™* 
with a-hCG, B-hCG, and hPL probes on tissue sections 
of the placenta obtained later than 6 weeks of gestation 
have demonstrated that the villous trophoblast acquires 
the ability to elaborate these substances in association 
with the morphologic transformation from cytotro- 
phoblasts to syncytiotrophoblast and that the biochem- 
ical differentiation of the villous trophoblast occurs 
only after syncytia formation. Thus it seems evident 
that in the placenta with gestational age later than 6 
weeks there is a sequential expression of a-hCG, B- 
hCG, and hPL closely correlated with the differentia- 
tion of the villous trophoblast. However, when Kao et 
al.*' grew purified human placental cytotrophoblasts 
under serum-free conditions to elucidate whether syn- 
cytia formation is a prerequisite for the biochemical 
differentiation of the villous trophoblast, they found 
that the formation of syncytiotrophoblast is not a pre- 
requisite for the acquisition of the ability to elaborate 
hCG but is only one of the consequences of the differ- 
entiation program of the trophoblast. They demon- 
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strated that purified human placental cytotrophoblasts 
in culture could secrete hCG at the same rate under 
serum-free conditions whether they were plated on 
plastic only, which prevented syncytia formation, or 
fibronectin laminin or type IV collagen, which allowed 
syncytia formation to occur. Our results obtained with 
the tissue sections of very early human placenta support 
the notion that syncytia formation is not a prerequisite 
for the acquisition of a specific endocrine function of 
the placenta. In the case of very early placenta before 
6 weeks of gestation, both hCG and hPL can be ex- 
pressed in cytotrophoblasts. 

In this regard, our recent findings in an earlier study 
are of considerable interest. We have demonstrated that 
cytologic localization of EGF and EGF receptor in de- 
veloping human placenta varies over the course of ges- 
tation and that even in first-trimester placenta there is 
a remarkable change in the cytologic localization from 
cytotrophoblasts to syncytiotrophoblast at the sixth 
week of gestation.” Thus the change in cytologic lo- 
calization of hCG and hPL in very early placenta ob- 
served in the course of early gestation is closely coin- 
cident with the change in cytolocalization of EGF and 
EGF receptor. Because EGF has been demonstrated to 
exert a stimulatory effect on hCG and hPL production 
by early placental tissues through the binding to EGF 
receptor, the simultaneous expression of EGF and 
EGF receptor and hCG and hPL in the cytotrophoblast 
of 4- to 5-week placentas and in the syncytiotrophoblast 
of 6- to 12-week placentas implies that the production 
of hCG and hPL by first-trimester placenta may be 
regulated by an autocrine system, wherein EGF may 
serve as the signal. 

It is evident that increasing amounts of hCG pro- 
duced by the chorion around the time of implantation 
play an important role in rescuing the corpus luteum. 
The placenta is known to take over the corpus luteum 
function at the sixth week of gestation in producing 
progesterone and estrogen necessary for the mainte- 
nance of early gestation. It is of interest that the dy- 
namic change in cytologic localization of hCG and hPL 
and EGF and EGF receptor from cytotrophoblast to 
syncytiotrophoblast in very early placenta also occurs 
at the sixth week of gestation. Taking these findings 
into account, the sixth week of gestation seems to be 
critical in the functional development of the early pla- 
centa. 

These findings suggest that in very early placenta, 
before the sixth week of gestation, hCG and hPL can 
be expressed in the cytotrophoblast (the undifferen- 
tiated stem cell of the villous trophoblast) and that there 
is a shift in cytologic localization of hCG and hPL from 
cytotrophoblast to syncytiotrophoblast around the sixth 
week of gestation. It is therefore likely that the program 
of the sequential expression of the genes coding for 
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hCG (a and ß) and hPL correlated with the differen- 
tiation of the villous trophoblast may be established in 
the placenta at the sixth week of gestation. Before that 
time no sequential expression of hCG and hPL corre- 
lated with trophoblast differentiation may exist in the 
placenta. Further studies with in situ hybridization with 
hCG (a and B) and hPL probes on very early placental 
tissues will be needed to reinforce this notion. 
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Transforming growth factor-B opposes the stimulatory effects 


of interleukin-1 and tumor necrosis factor on amnion cell 


prostaglandin E, production: Implication for preterm labor 


Kristina Bry, MD, and Mikko Hallman, MD 


Irvine, California, and Helsinki, Finland 


OBJECTIVE: In preterm labor increased concentrations of interleukin-1 and tumor necrosis factor are 
present in amniotic fluid. These cytokines may promote labor by stimulating the production of 
prostaglandins by intrauterine tissues. In many biologic processes, transforming growth factor-8 modifies 
the actions of cytokines. We studied the effect of transforming growth factor-B on the cytokine-induced 


prostaglandin E; production by amnion cells. 


STUDY DESIGN: Human amnion cells in monolayer culture were treated with interleukin-1, tumor necrosis 
factor, or vehicle in the presence or absence of transforming growth factor-8. The prostaglandin E, 


production was measured. 


RESULTS: Transforming growth factor-8 decreased the interleukin-1- or tumor necrosis factor—induced 
prostaglandin E; production by 70% to 80% and the basal prostaglandin E, synthesis by 27%. The 
synergistic stimulation of prostaglandin E; production by the combination of interleukin-1 with tumor 
necrosis factor was inhibited by 80% in cells treated with transforming growth factor-8. Transforming 


growth factor-B1, -B2, and -81,2 were equipotent. 


CONCLUSION: Transforming growth factor-B suppresses the cytokine-induced prostaglandin E, 
production by amnion cells and may be an important factor in maintaining pregnancy in the face of 


labor-promoting cytokines. (Am J OBsTeT GYNECOL 1992;167:222-6.) 


Key words: Preterm labor, prostaglandins, interleukin-1, tumor necrosis factor, 


transforming growth factor-f, fetal membranes 


Preterm labor often occurs in the setting of intra- 
uterine infection.’ The concentrations of cytokines such 
as interleukin-1 (IL-1) and tumor necrosis factor (TNF) 
increase in amniotic fluid in preterm labor.** Prosta- 
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glandins, major inducers of uterine contractions, are 
produced by intrauterine tissues in response to these 
cytokines.**’ ‘The amnion, which produces almost ex- 
clusively prostaglandin E (PGE,),* is an important in- 
trauterine source of prostaglandin. The combination 
of IL-1 with TNF has a synergistic stimulator effect on 
the PGE, production by human amnion cells in culture.° 
IL-1 and TNF have been implicated in the induction 
of preterm labor associated with infections.** '° 
Transforming growth factor-B (TGF-B) represents a 
family of multifunctional factors that influence cell 
growth, differentiation, immunity, and extracellular 
matrix formation.'' Several forms of TGF-B and of 
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Fig. 1. Effect of TGF-8 on amnion cells stimulated with different concentrations of TNF-a or IL- 
18. Human amnion cells were treated with indicated concentrations of TNF-a or IL-1 in presence 
(@) or absence (O) of human TGF-f1 (10 ng/ml). PGE, production (picograms per nanogram DNA) 
was measured after 42-hour incubation. Results are means + SE (n = 4) of one representative 


experiment. 


their receptors have been identified. TGF-B1 and TGF- 
B2 are homodimers, and TGF-81,2 is a heterodimer 
containing one polypeptide chain each from TGF-B1 
and TGF-B2. Most tissues found at the maternal-fetal 
interface contain T'GF-B and express TGF-8 messenger 
ribonucleic acid.’* In many biologic processes, TGF-B 
acts as a biologic switch, antagonizing or modifying the 
action of other growth factors or cytokines.'* We there- 
fore studied the effect of TGF-B on the cytokine-in- 
duced PGE, production by human amnion cells in cul- 
ture. In this report we show that TGF-B suppresses the 
IL-1— or TNF-stimulated PGE, production by amnion 
cells. 


Material and methods 


Chemicals. Recombinant human TNF-a (specific ac- 
tivity 4.8 x 10’ U/mg, endotoxin content <0.13 endo- 
toxin unit [EU]/mg) and TNF-B (specific activity 2.1 x 
10° U/mg, endotoxin 3.1 EU/mg) were generously pro- 
vided by Genentech, South San Francisco. Recombi- 
nant human IL-1£ (specific activity 1.8 x 10’ U/mg, 
endotoxin 2.5 EU/mg) was a generous gift from the 
National Cancer Institute. Recombinant human IL-la 
(specific activity 3 x 10° U/mg, endotoxin 0.7 EU/mg) 
was a kind gift from Hoffmann-La Roche, Inc., Nutley, 
N.J. The PGE, kit was from New England Nuclear, 
Boston. Human TGF-81 and porcine TGF-B1, TGF- 
B2, and TGF-B1,2 were from R&D Systems, Minne- 
apolis. 

Preparation and culture of human amnion cells. 
Human fetal membranes were obtained from normal 
pregnancies at cesarean sections conducted at term be- 


Table I. Effect of TGF-B on PGE, production 
by amnion cells stimulated with IL-1 or TNF 











PGE, production 

(fractions of control) 

Inhibition (%) in 
Without With PGE), production 
TGF-B1 TGF-B1 


caused by TGF-B1 





Control l 07 20] 27 > 9 
IL-la 25.5 + 9.6 HEDE: 7124 
IL-18 27.5 2 A 4342+ 30 75 2.5 
TNF-a 48.4 + 7.9 9.7 + 3.1 7928 
TNF-B 9.6 + 2.6 14+ 0.3 Vie 


Amnion cells were treated with IL-la (6.8 ng/ml), IL-1B 
(5 ng/ml). TNF-a (50 ng/ml), TNF-B (10 ng/ml), or vehicle 
(control) in the presence or absence of human TGF-B1 (10 
ng/ml). After 42 hours of incubation, the media were removed 
and analyzed for PGE,. PGE, production is shown as fractions 
of production in untreated (control) cells; in these cells PGE, 
production was 0.031 + 0.008 pg/ng DNA. The inhibition in 
percent caused by TGF-f in each experiment was calculated. 
The means + SE of six separate experiments are shown. 


fore the onset of labor. Cells from the reflected amnion 
were isolated as described." The cells were seeded in 
tissue culture plates at a density of 1.4 x 10° cells/cm? 
and maintained at 37° C in an atmosphere of air and 
5% carbon dioxide in Eagle’s minimum essential me- 
dium with Earle’s salts supplemented with glutamine, 
10% fetal calf serum, antibiotics, and antimycotics. Af- 
ter 24 hours the wells were washed with minimum es- 
sential medium, and the medium was changed to the 
culture medium supplemented with cytokines, TGF-B, 
or the appropriate vehicle. The cells were incubated 
for 42 hours before the culture media were removed 
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Fig. 2. Comparison of effects of TGF-B1, TGF-B2, and 
TGF-B1,2 on PGE, production by amnion cells. Human am- 
nion cells were treated with TNF-a (50 ng/ml) (upper panel). 
IL-1 (5 ng/ml) (middle panel), or vehicle (lower panel), in pres- 
ence of indicated concentrations of porcine TGF-B1 (O), 
TGF-B2 (@), or TGF-B1,2 (A). The PGE, production (pico- 
grams per nanogram DNA) was measured after 42-hour in- 
cubation. Results are means + SE (n = 4) of one represen- 
tative experiment. 


and then centrifuged at 600 g for 10 minutes to elim- 
inate cell debris. The supernatants were stored at 
—70° C until assayed for PGE». The cells were recov- 
ered from the wells with trypsin. More than 90% of the 
cells excluded trypan blue. 

Measurement of PGE... PGE, was measured by ra- 
dioimmunoassay directly from the media. The concen- 
trations of PGE, in the media incubated in the same 
conditions but without amnion cells were used as 
blanks. PGE, formation was calculated per nanogram 
of amnion cell deoxyribonucleic acid (DNA); DNA anal- 
ysis was done as described.” The different treatments 
with cytokines or TGF-f did not significantly affect the 
DNA content of the wells. 
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Statistics. The test used was the Wilcoxon signed- 
rank test. 


Results 


Effect of TGF-B on PGE, production by amnion 
cells stimulated with IL-1 or TNF. Human amnion 
cells were treated with IL-la (6.8 ng/ml), IL-1B 
(5 ng/ml), TNF-a (50 ng/ml), TNF-B (10 ng/ml), or 
vehicle in the presence or absence of human TGF-f1 
(10 ng/ml). Because amnion cells do not metabolize 
PGE., the concentration of PGE, in the medium at the 
end of the 42-hour incubation represents the total PGE, 
released during that time.” For each cytokine the PGE, 
production was lower in the presence of TGF-B in each 
of the six separate experiments performed (p = 0.028) 
(Table I). The decrease caused by TGF-B in the basal 
PGE, production was 27% + 9%. However, in cells 
stimulated by IL-1 or TNF, the decrease in total PGE, 
production occurring in the presence of TGF-f1 
ranged from 71% + 9% to 77% + 4% (Table I). 

Effect of TGF-B on stimulation of amnion cell PGE, 
production by combination of IL-1 and TNF. Amnion 
cells were incubated for 42 hours with IL-18 (5 ng/ml), 
IL-la (6.8 ng/ml), or TNF-a (5 pg/ml) in the presence 
or absence of human TGF-B1 (10 ng/ml). IL-1 acts 
synergistically with TNF to stimulate amnion cell PGE, 
production.” Nevertheless, the degree of inhibition due 
to TGF-B1 was approximately the same as was obtained 
in cells treated with only one cytokine (Table I). Similar 
results were obtained with TNF-f (10 ng/ml) instead 
of TNF-a (results not shown). 

Effect of TGF-B as a function of IL-1 and TNF con- 
centration. Amnion cells were incubated with different 
concentrations of IL-1B (0 to 500 ng/ml) or TNF-a (0 
to 5 pg/ml) with or without TGF-B1 (10 ng/ml). The 
PGE, release was assayed after incubation for 42 
hours. IL-18 and TNF-a stimulated the PGE, produc- 
tion in a concentration-dependent manner; the satu- 
rating concentrations for IL-1B and TNF-a were 0.5 
and 50 ng/ml, respectively. At each concentration of 
IL-1B8 and of TNF-a, TGF-B1 inhibited the PGE, pro- 
duction as seen in Fig. 1. 

Effect of different concentrations of TGF-B1, TGF- 
B2, or TGF-61,2 on PGE, production by amnion cells. 
Cells were treated for 42 hours with IL-18 (5 ng/ml) 
or TNF (50 ng/ml), together with different concentra- 
tions (0 to 10 ng/ml) of porcine TGF-B1, TGF-B2, or 
TGF-B81,2. The potencies of TGF-81, TGF-82, and 
TGF-B 1,2 in inhibiting the PGE, production were sim- 
ilar at each concentration tested (Fig. 2). In each case 
maximal inhibition was obtained with TGF-B concen- 
trations =0.1 ng/ml (Fig. 2). The effects of porcine 
TGF-B1 were indistinguishable from those of human 
TGF-B1 (data not shown). 

In amnion cells not treated with cytokines, TGF-ßB1, 
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Table II. Effect of TGF-B1 on amnion cell PGE, production stimulated by combination of IL-1 and TNF 










PGE, production 


With TGF-B1 






Inhibition caused 


Without TGF-B1 by TGF-B1 (%) 


Control 0.046 + 0.002 0.029 + 0.001 40.0 + 1.7 
IL-la (6.8 ng/ml) 1.55 + 0.035 0.237 + 0.024 84.7 + 1.6 
IL-1B (5 ng/ml) 1.83 + 0.029 0.195 + 0.013 89.3 + 0.8 
TNF-a (50 ng/ml) 2.83 + 0.034 0.312 + 0.025 89.0 + 0.8 
[L-la (6.8 ng/ml) + TNF-a (50 ng/ml) 9.006 + 0.323 1.678 + 0.051 81.3 + 0.8 
IL-1B (5 ng/ml) + TNF-a (50 ng/ml) 8.671 + 0.312 1.71 + OOT]7 86.2 = 1.2 





Amnion cells were treated with indicated cytokines or cytokine combinations in presence or absence of human TGF-B1 (10 
ng/ml). Total release of PGE, (picograms per nanogram DNA) during 42-hour incubation was measured. Data are results (means + 
SE, n = 4) of one representative experiment. 


TGF-B82, and TGF-61,2 also appeared equipotent, but thesis, there is additional evidence suggesting the im- 


the degree of inhibition was smaller than that obtained portance of TGF-8 to the maintenance of pregnancy. 
in cells stimulated with cytokines (Fig. 2). TGF-f is a potent immunosuppressant both in vivo and 
in vitro.’ Murine decidual cells secrete an immuno- 
Comment suppressive TGF-B2-—like molecule.** TGF-B may be 
In this report we show for the first time that T’GF-B essential in the maintenance of pregnancy by prevent- 
strikingly opposes the IL-1— or TNF-stimulated PGE, ing rejection of the fetus.” 
production by human amnion cells. It also suppressed TGF-B induces the accumulation of extracellular ma- 
the synergistic PGE,-stimulatory effect of the combi- trix by several mechanisms. It stimulates the synthesis 
nation of IL-1 with TNF. The basal PGE, production of many extracellular matrix components.” It also en- 
by amnion cells was also inhibited by TGF-B but to a hances the adhesion of extracellular matrix on cells.” 
smaller extent. According to the present results, TGF- In addition, TGF-B up-regulates inhibitors of extra- 
B may play a role in limiting or terminating the pros- cellular matrix—degrading enzymes*”’** and inhibits en- 
taglandin production induced by proinflammatory cy- zymes (such as collagenase) that degrade extracellular 
tokines in the setting of intrauterine infection. matrix components.** The effect of TGF-B on cell adhe- 
At all concentrations tested the effects of T'GF-B1, sion receptors may be of importance in the attachment 
TGF-82, and TGF-B1,2 on amnion cell PGE, produc- of the fetoplacental unit to the uterine wall. Because of 
tion were similar. TGF-81 and TGF-82 differ from its effects on extracellular matrix, TGF-ßB has the po- 
each other by 32-amino-acid substitutions and have tential of inhibiting processes required for both term 
71% sequence identity. In many cell systems TGF-61 and preterm labor. These include softening and dila- 
and TGF-B2 are biologically equipotent; however, they tation of the cervix, which is associated with a decrease 
show marked differences in certain cells.'" in collagen content and an increase in collagenolytic 
In contrast to its effects on amnion cells, T'GF-B has activity.” The biologic activity of TGF-B and its regu- 
a stimulatory effect on the production of prostaglan- lation during pregnancy remain to be clarified. 
dins in many cells. Thus it stimulates the PGE, pro- From the current results we propose that TGF-B 
duction in neonatal mouse calvaria” and in lung fibro- plays an important role in the modulation of processes 
blasts,'* as well as prostacyclin production in human that regulate the initiation of preterm labor. In cases 
vascular endothelial cells. In addition, TGF-B potently of intrauterine inflammation, increased production of 
synergizes with IL-16 and TNF-a in stimulating the cytokines threaten pregnancy. The continuation of 
PGE, production in rat renal mesangial cells.” pregnancy may depend on the balance of the activities 
TGF-f-like activity is present in many cells at the of labor-promoting agents, such as IL-1 and TNF, and 
fetomaternal interface.'* TGF-B1 antibody reacts with of agents, such as TGF-8, that favor the continuation 
cells in the chorion and with extracellular matrix com- of pregnancy. It remains to be seen whether TGF-B 
ponents in the placenta and uterus.” TGF-B1 messen- has therapeutic potential in the prevention of preterm 
ger ribonucleic acid is present in the placenta, decidua, labor. 


and placental membranes.'* A TGF-B2-—like factor has 


been described in murine amniotic fluid.” High levels 
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Mutations of the Ki-ras oncogene in endometrial carcinoma 


Diane Ignar-Trowbridge, PhD, John I. Risinger, MS,” Georgette A. Dent, MD, 
Matthew Kohler, MD,* Andrew Berchuck, MD,’ John A. McLachlan, PhD,’ and 


Jeff Boyd, PhD” 


Research Triangle Park, Chapel Hill, and Durham, North Carolina 


OBJECTIVE: The purpose of this study was to assess the extent of involvement of the ras oncogene in 


endometrial carcinoma. 


STUDY DESIGN: Genomic deoxyribonucleic acid from 30 samples of endometrial carcinoma was 
examined for point mutations in codons 12, 13, and 61 from the Ha-ras, Ki-ras, and N-ras genes by means 
of the polymerase chain reaction, slot-blotting, and deoxyribonucleic acid sequencing procedures. 
RESULTS: An apparent somatic mutation of Ki-ras codon 12 in one of 10 paraffin-embedded tumors was 
confirmed by deoxyribonucleic acid sequence analysis. Two of 20 frozen endometrial carcinoma 
specimens were also shown to contain a point mutation in Ki-ras codon 12. No correlation between ras 
mutation and a number of histologic or clinical parameters was observed. 

CONCLUSIONS: These data suggest a potential role for Ki-ras codon 12 mutations in the development of 
some (10%) endometrial cancers. (Am J OBsTET GYNECOL 1992;167:227-32.) 


Key words: Endometrial carcinoma, oncogene, ras, polymerase chain reaction 


Carcinoma of the uterine endometrium is the most 
frequently diagnosed gynecologic malignancy in the 
United States, but few data on the molecular genetic 
features of this tumor exist. We believe that a series of 
genetic alterations involving both protooncogenes and 
tumor suppressor genes plays a role in the development 
of endometrial carcinomas as it does in other human 
cancers.' The variable nature of these genetic events 
can be noted in the clinical observation of two distinct 
forms of endometrial carcinoma.” * Type I tumors are 
frequently associated with a history of unopposed es- 
trogen exposure or other hyperestrogenic condition 
such as obesity. They occur in perimenopausal women, 
are typically of low grade and good prognosis, and are 
often associated with or preceded by endometrial hy- 
perplasia. In contrast, type II tumors, which have a 
poorer prognosis, appear unrelated to estrogenic stim- 
ulation, manifest at a later age (>60), and are generally 
of higher grade and/or uncommon histologic subtype. 
The clustering of endometrial carcinoma in certain 
families‘ and the occurrence in patients with multiple 
primary tumors (especially those of the colon)*’ suggest 
genetic transmission of endometrial cancer risk. 
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The potential role of protooncogenes in the cause of 
endometrial carcinoma has only recently been ad- 
dressed, unlike the etiologic factors of the more well- 
characterized female cancers of the breast, ovary, and 
uterine cervix. Amplification and/or overexpression of 
the c-erbB2 protooncogene may occur in a subset of 
tumors, although the extent of this phenomenon is still 
unclear.* In addition, the inappropriate expression of 
colony stimulating factor-1 and its receptor, the c-fms 
protooncogene, has been implicated as a potential au- 
tocrine growth stimulatory pathway in endometrial car- 
cinoma. 

Activating point mutations in members of the ras 
gene family represent the most frequent oncogene ab- 
normality in human tumors.” Several recent reports 
suggest that ras mutations may play a role in some en- 
dometrial carcinomas; specifically, a total of 6 of 12 
human endometrial carcinoma cell lines in two 
studies™ and 13 of 41 primary tumors in three 
studies'*' exhibit point mutations in Ki-ras codon 12. 
In the three previous studies of primary tumor speci- 
mens, however, a relatively small number of cases were 
examined in each study (10, 12, and 19, respectively), 
and a majority of the mutations (11 of 13) were found 
in endometrial carcinomas from Japan™* ®; the re- 
maining two were from Australia.’ Additional studies 
are needed to define the extent of involvement of the 
ras gene family in endometrial carcinomas from the 
United States, where the incidence of endometrial car- 
cinoma is the highest in the world and where a majority 
of tumors are of the type I variety, in contrast to Japan, 
where the incidence of endometrial carcinoma is the 
lowest in the world and where a significantly higher 
fraction of tumors are of the type II classification.” 
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GTT (val) 


Fig. 1. Somatic mutation of Ki-ras codon 12 as detected by oligonucleotide hybridization with 
polymerase chain reaction—amplified DNA. DNA samples from normal (N) and tumor (T) tssue 


from 10 cases of formalin-fixed, paraffin-embedded endometrial carcinoma were analyzed for all 


possible activating point mutations in codons 12, 13, and 61 of Ha-ras, Ki-ras, and N-ras genes. 


Tumor but not normal tissue DNA from case 7 exhibited positive hybridization with mutant probe 


GTT for Ki-ras codon 12. 
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Fig. 2. Autoradiogram of sequencing gel for endometrial carcinoma case 7 in Fig. 1. The slot-blotung 
data indicating a point mutation of Ki-ras codon 12 was confirmed by DNA sequence analysis; clone 


of polymerase chain reaction—amplified DNA from normal tissue contained wild-type sequence 
GGT (gly), and clone of polymerase chain reaction—amplified DNA from tumor tissue contained 


mutant sequence GIT (val). Asterisk, Mutant codon. 


The primary goal of this study was to examine a 
sufficiently large sample of endometrial carcinomas 
from the United States so that the extent of involvement 
of the ras oncogene in tumors from this population 
could be assessed. We then wished to determine if the 
presence of ras mutations correlated with parameters 
such as histologic factors, grade, stage, and receptor 


Status. 


Material and methods 


Tumor samples and DNA isolation. Ten formalin- 
fixed, paraffin-embedded endometrial carcinoma spec- 
imens from the year 1990 were retrieved at random 
from the surgical pathology archives at the North Car- 
olina Memorial Hospital. Genomic deoxyribonucleic 
acid (DNA) was extracted and was purified with a mod- 
ification of a procedure described by Goelz et al.'* His- 
topathologic sections 10 pm thick were cut and placed 
on untreated glass slides; 10 to 30 sections were cut for 
each tumor. One slide stained with hematoxylin and 
eosin stain was used to discriminate areas of tumor from 


normal tissue, and the bottom of each unstained slide 
was marked accordingly. Normal and tumor tissue were 
scraped separately from the slides with a straight-edged 
scalpel blade, were minced into small pieces, and were 
collected in separate 15 ml polypropylene conical tubes. 
DNA was then extracted and purified as described," 
with the exception that samples were not sheared 
through a syringe needle (this step was found to de- 
crease the size of genomic DNA without increasing the 
yield appreciably). 

Twenty fresh-frozen endometrial carcinoma sam- 
ples, obtained between 1989 and 1991 at the Duke Uni- 
versity Medical Center, were processed for genomic 
DNA by means of standard procedures.” 

Polymerase chain reaction and slot-blotting pro- 
cedures. DNA was screened for ras mutations by means 
of polymerase chain reaction amplification, slot-blot- 
ting, and hybridization with oligodeoxynucleotides, as 


described previously.'® * A panel of 66 oligonu- 
cleotide probes that were specific for wild-type or mu- 


tant sequences at codons 12, 13, and 61 of the Ha-ras, 
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Fig. 3. Histologic photomicrograph of stained section from endometrial carcinoma case 7. The 
junction of carcinoma with normal myometrium illustrates the distinction of “tumor” versus “normal” 
in separating paraffinized tissue for DNA extraction; glandular organization indicates moderately 
differentiated endometrioid adenocarcinoma. (Hematoxylin and eosin. Original magnification 


x 200.) 
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Fig. 4. Mutation of Ki-ras codon 12 in fresh-frozen endometrial carcinoma samples as detected by 
oligonucleotide hybridization with polymerase chain reaction—amplified DNA. Cases 5 and 8 exhibit 
mutations of wild-type GGT (gly) to GTT (val) and TGT (cys), respectively. 


Ki-ras, and N-ras genes was used to analyze DNA from 
normal and tumor tissue from each of the 10 archival 
endometrial carcinoma cases. The 20 fresh-frozen cases 
were analyzed only for mutations at Ki-ras codon 12. 
Before slot-blotting was performed, all samples were 
analyzed by agarose gel electrophoresis to ensure suc- 
cess of the polymerase chain reaction; in addition, all 
experiments were carried out with positive controls 
(DNA from previously characterized endometrial car- 
cinoma cell lines) and negative controls (plasmid 


DNA). 


Sequence analysis. For cases determined to be har- 
boring probable ras mutations, polymerase chain re- 
action amplified DNA fragments were subcloned and 
sequenced with the dideoxy chain termination method. 
After amplification, polymerase chain reaction prod- 
ucts were purified by centrifugation in a Centricon-30 
microconcentrator (Amicon, Danvers, Mass.) and were 
subcloned into the Smal site of pBluescript SKI” (Stra- 
tagene, La Jolla, Calif.). Clones were sequenced with 
polymerase chain reaction primers according to the 
manufacturer’s protocol for Sequenase version 2.0. Se- 
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Table I. Clinicopathologic parameters and ras mutations 
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Steroid receptors 


Estrogen Progesterone 






Ki-ras/12 


Archival 
l EA 2 NA 2 NA wt 
2 MA ] IA 0 + + wt 
3 EA l IC 2 + + wt 
4 EA 2 II 2 + + wt 
5 AA 2 LA l + + wt 
6 EA l IC 2 + + wt 
7 EA 2 IB l + + mut 
8 EA 2 IB l + + wt 
9 AS 2 IC 2 + = wt 
10 EA 2 IA l + + wt 
Frozen 
| EA l IHA 3 + + wt 
2 EA 3 IVB 3 NA wt 
3 PCG 2 IIA 2 + — wt 
4 EA 2 IHA ] — — wt 
5 EA 3 ING 2 — — mut 
6 EA l IIIA ] + + wt 
7 EA 2 IC 3 = + wt 
8 EA 2 IB l — + mut 
9 AS 2 IHIG 3 = — wt 
10 EA 2 IG 2 — + wt 
1] EA 2 IVB 3 + — wt 
12 EA 2 IG 3 + + wt 
13 EA ] IA 0 — + wi 
14 AS 3 i; 3 + — wt 
15 CG 3 IVB ] — — wt 
16 EA 2 IC 3 + + wt 
17 EA 2 IB ] — + wt 
18 EA 2 IC 3 NA wt 
19 EA 2 IIIA l — + wt 
20 EA 2 IB l + + wt 





FIGO, International Federation of Gynecology and Obstetrics; EA, endometrioid adenocarcinoma; MA, mucinous adenocar- 
cinoma; AA, adenoacanthoma; AS, adenosquamous carcinoma; PC, papillary carcinoma; CC, clear cell carcinoma. For uterine 
invasion: 0, none; 1, inner third; 2, middle third; 3, outer third. For steroid receptors: Estrogen/progesterone; +, >10 
fmol/mg. For Ki-ras: wt, wild-type; mut, mutant. NA, not available. 


quencing reactions were subjected to electrophoresis in 
7 mol/L urea—6% polyacrylamide gels at 65 W constant 
power, were fixed in 10% methanol—10% acetic acid, 
were dried, and were exposed to Kodak X-Omat AR 
x-ray film for 1 to 3 days. 


Results 


All 10 of the formalin-fixed, paraffin-embedded tis- 
sue specimens analyzed yielded both normal and tumor 
DNA of sufficient quality and quantity for subsequent 
genetic analysis. The paraffin blocks invariably con- 
tained enough tumor and normal tissue so that from 
30 to several hundred micrograms of genomic DNA 
was isolated from all cases. For each sample, the DNA 
migrated on ethidium bromide—stained agarose gels as 
a single high-molecular-weight band (>23 kb) with a 
smear of degraded, lower-molecular-weight DNA. Al- 
though the tumors described in this paper were all <2 
years old, we have obtained DNA of sufficient quality 
for polymerase chain reaction procedures from fixed 
and embedded human tumors as old as 20 years. 


DNA from these 10 cases was examined by means of 
polymerase chain reaction and slot-blotting procedures 
for all possible activating point mutations of codons 12, 
13, and 61 of the Ha-ras, Ki-ras, and N-ras genes. One 
tumor contained an apparent mutation in one allele of 
Ki-ras codon 12 that was not evident in the surrounding 
normal tissue from this case, which indicated the so- 
matic nature of this event (Fig. 1). A GGI—-GTT 
(Gly Val) transversion in codon 12 of Ki-ras was con- 
firmed by sequencing of the polymerase chain reaction 
product; only the wild-type sequence was evident in 
DNA from the normal tissue of this case (Fig. 2). This 
tumor was Classified with respect to histologic factors 
as a moderately differentiated endometrioid adeno- 
carcinoma; a hematoxylin and eosin stained photomi- 
crograph of the tumor and myometrial border is shown 
in Fig. 3. 

Twenty additional specimens of fresh-frozen endo- 
metrial carcinoma were examined for mutations in Ki- 
ras codon 12. Two of these tumors, a moderately dif- 
ferentiated endometrioid adenocarcinoma and a 
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poorly differentiated endometrioid adenocarcinoma, 
exhibited activating point mutations: One contained 
the same GGI-—GTT transversion described above, 
and the other contained a GGI—TGT (Gly—Cys) 
transversion in the first nucleotide of this codon (Fig. 
4). These mutations were also heterozygous in nature; 
the tumors contained both a mutant and wild-type 
allele. 

The mutations and histopathologic data for the 30 
tumors described in this report are summarized in 
Table I in which no correlation between Ki-ras mutation 
and any of the clinical, pathologic, or histologic criteria 
was reported. 


Comment 


These data indicate that somatic point mutation of a 
ras oncogene occurs at a significant but relatively low 
(10%) frequency in endometrial carcinomas in the 
United States. Two previous studies'*'® showed that ras 
mutation occurs in endometrial carcinomas from Japan 
at about a threefold higher frequency than that ob- 
served here. These data suggest that ras mutation may 
be a more frequent occurrence in the type II tumors 
more prevalent in Japan than in the type I estrogen- 
related tumors that are more prevalent in the United 
States. The higher incidence of ras mutation that we 
had observed in endometrial carcinoma cell lines” may 
reflect spontaneous mutation and/or clonal selection of 
mutant ras genes during establishment and culture of 
these cells. All the existing data, however, implicate Ki- 
ras codon 12 as the most frequently altered ras site in 
endometrial carcinoma. 

The ras family of protooncogenes encodes a unique 
form of GTPase molecule that appears to play a central 
role in cell proliferation as a result of its regulation of 
signal transduction. Point mutations in codons 12, 13, 
or 61 appear to inactivate this GTPase activity, which 
leaves the mutant protein in a constitutively activated 
state.” A large number and variety of human tumors 
contain point-mutated ras oncogenes,'* which suggest 
a generalized role for ras in the proliferation of diverse 
tissues. Other solid tumors that contain mutations of 
Ki-ras at significant frequencies include carcinomas of 
the lung (20% to 30%), pancreas (70% to 90%), thyroid 
(20% to 60%), and colon (40% to 50%).'* Endometrial 
carcinomas, like those of the lung, pancreas, and colon, 
exhibit a predominance of Ki-ras codon 12 mutations; 
thus a similar role for Ki-ras in the regulation of cell 
proliferation in these tissues or perhaps similar molec- 
ular pathways of neoplastic development or progres- 
sion in these tissues. 

Mutated ras genes have been strongly implicated in 
experimental chemical carcinogenesis”; this suggests 
that ras mutations in endometrial tumors may arise 
from chemical (including hormonal) mutagenesis. Al- 
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ternatively, because cyclical cell proliferation is a prom- 
inent and somewhat unique feature of the mammalian 
endometrium, spontaneous DNA aberrations would be 
subject to a greater probability of conversion to per- 
manent mutations in this tissue. Estrogen may thus act 
indirectly to stimulate tumorigenesis, by increasing the 
proliferative index of endometrial tissue.” The Ki-ras 
mutations reported in this paper whether they were 
spontaneous or chemically induced, did not appear to 
be associated with any histopathologic or clinical cri- 
teria. This suggests a sporadic induction and random 
distribution in endometrial carcinoma. 

To extend these findings it will be necessary to ex- 
amine a larger number of tumors, especially those of 
the more uncommon histologic (type II) variants. In 
particular, it would be instructive to compare a larger 
number of tumor samples from the United States with 
those from Japan, where estrogen-related risk factors 
and the incidence of endometrial carcinoma are much 
lower than those in the United States.* '’ That com- 
parison might indicate a dramatically different ratio of 
type II to type I tumors. In addition, it would be of 
interest to analyze premalignant hyperplastic lesions of 
the endometrium for ras mutations to determine if that 
mutation is an early event in the development of some 
endometrial cancers as it is in colon carcinoma. 
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Effect of maternal oxygen administration on fetal oxygenation 


during graded reduction of umbilical or uterine blood flow in 


fetal sheep 
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San Francisco, California 


OBJECTIVE: Effects of maternal oxygen administration on fetal blood gases and on oxygen delivery and 
consumption during reduced uterine and reduced umbilical blood flows were examined. 

STUDY DESIGN: In eight pregnant sheep (gestational age 133 + 4 days) flow transducers were applied 
to a uterine and the common umbilical artery. Graded reductions in uterine and umbilical blood flows were 
achieved by a hypogastric artery snare and a balloon cuff encircling the umbilical cord. Fetal femoral 
arterial and umbilical venous oxygen contents and flows were measured at varying flow reductions with the 


ewe breathing air or oxygen. 


RESULTS: During 75% reduction in umbilical blood flow maternal oxygen administration significantly 
increased fetal oxygen delivery (6.4 + 2.5 to 7.7 + 2.3 ml/min/kg) and oxygen consumption (4.3 + 1.2 to 
5.0 + 0.8 ml/min/kg). With similar reduction of uterine flow oxygen administration increased oxygen 
delivery from 8.3 + 2.4 to 12.3 + 3.6 and oxygen consumption from 3.3 + 0.8 to 4.7 + 1.6 ml/min/kg. 
CONCLUSION: Maternal oxygen inhalation improves fetal oxygenation during umbilical but especially 
during uterine blood flow reduction. (AM J OBsTeT GYNECOL 1992;167:233-9.) 


Key words: Umbilical blood flow, fetal oxygen delivery, fetal oxygen consumption 


The effect of maternal oxygen administration during 
labor on fetal oxygenation is controversial. In one clin- 
ical study maternal oxygen administration increased 
fetal arterial Po, from 15 to 21 mm Hg.' In long-term, 
growth-retarded human fetuses maternal oxygen ad- 
ministration increased umbilical venous Pos.” On the 
other hand, it has been argued that maternal oxygen 
administration will have no major effect on fetal oxy- 
genation because maternal arterial blood is almost com- 
pletely saturated with oxygen; therefore, increasing the 
maternal arterial Po, above 100 mm Hg will increase 
only the amount of oxygen physically dissolved, which 
is relatively small compared with that attached to he- 
moglobin.* 

During labor fetal oxygenation may need to be im- 
proved for reduction of uterine or umbilical blood flow. 
In fetal sheep maternal oxygen administration during 
reduction of umbilical blood flow improved fetal oxy- 
genation by a modest degree.’ Uterine blood flow may 
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be markedly reduced in long-term, growth-retarded 
sheep fetuses, and maternal oxygen administration re- 
sulted in a significant improvement of fetal oxygena- 
tion.” However, the effect of maternal oxygen admin- 
istration on fetal oxygenation during reductions of 
uterine blood flow has not been investigated system- 
atically. 

The aim of the present study was to assess the effect 
of maternal oxygen administration on fetal blood gases, 
oxygen delivery, and oxygen consumption during 
graded reductions of uterine blood flow. Furthermore, 
the effect of maternal oxygen administration during 
reduction of uterine blood flow was compared with that 
during reduction of umbilical blood flow of similar 
degree. 


Material and methods 

Animal preparation. Animal care and experimental 
procedures were approved by the Committee on Ani- 
mal Research at the University of California, San Fran- 
CISCO. 

Eight mixed-breed Western ewes with time-dated sin- 
gleton gestations of 133 + 4 days at the time of study 
(term 145 days) were fasted 24 hours, given spinal an- 
esthesia with 4 ml 1% tetracaine hydrochloride (Pon- 
tocaine, Winthrop Laboratories, Murray Hill Station, 
N.Y.), and placed supine on the operating table. Poly- 
vinyl catheters (inner diameter 0.05 inches) were in- 
serted into pedal branches of a maternal femoral artery 
and vein and advanced to the descending aorta and 
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Table I. Effect of maternal oxygen administration on fetal blood gases during graded reductions in 


umbilical blood How 









Variable Condition 





Fetal descending aorta 


Hemoglobin (gm/dl) Room air 12:0 = 15 
Oxygen loz 45 
Oxygen saturation (%) Room air 54.7 + 5.6 
Oxygen 12.0 23.5 
Umbilical vein 
Hemoglobin (gm/dl) Room air S r 15 
Oxygen Liss La 
Oxygen saturation (%) Room air 79.1 + 6.8 
Oxygen 98.2 + 3.9 
pH Room air 7.41 + 0.06 
Oxygen 7.37 + 0.06 
PCO, (mm Hg) Room air 45.0 + 5.0 
Oxygen 51.2255 
Po, (mm Hg) Room air S13 = 4,1 
Oxygen 57.9 = 9.7 


i ŘŘĖ— 


Data are mean + SD from five experiments. 
*Significant effect of blood flow reduction. 
+Significant effect of oxygen. 


Umbilical blood flow reduction 


4 = 19 3.02% 13 [3.7 = 20 
i ee oF 19.6 & 16 3:7: 1,9* 
45.9 + 9.0 33.7 + 9.9 20.7 + 9.3 
61.9 + 12.5 44.4 + 14.8 98.2 + 13.0*fF 
Bit Ls 12.6 = 1.7 13.4 + 2.0 
11.9 + 1.6 ino 2 16 13.4 + 1.8* 
79.0 + 8.0 74.9 + 4.6 70:9 = 710 
96.6 + 4.5 91.9 + 2.7 88.4 + 2.27 
7.39 + 0.08 7.38 + 0.06 7.34 + 0.07 
7.36 + 0.07 7.34 + 0.07 7.21 £ 0.09" 
47.42 5.7 48.8 + 3.4 51.4 + 4.5 
51.3 + 5.0 53.0 + 6.7 54.4 + 7.3*7 
32.0 + 2.0 29.8 + 1.0 $2.1: 9:5 
53.9 + 8.2 45.2 + 6.9 45.8 + 10.77¢ 


+Significant interaction between blood flow reduction and oxygen. 


inferior vena cava, respectively. A continuous intrave- 
nous infusion of 0.9% saline solution (500 to 1000 ml) 
was administered to the ewe throughout the surgical 
procedure. Ketamine hydrochloride, 50 to 100 mg, was 
injected intravenously as necessary to maintain seda- 
tion. The ewe’s abdomen was opened in the midline, 
and a snare was placed around the common segment 
of the uterine artery so that uterine blood flow could 
be controlled. In addition, a precalibrated electromag- 
netic flow transducer of appropriate size was placed 
around the main uterine artery supplying the pregnant 
horn. 

The fetal hindlimbs were exposed through a small 
uterine incision. Anesthesia for the placement of all 
fetal catheters was provided locally with 0.5% lidocaine 
hydrochloride and systemically with 15 to 25 mg intra- 
muscular ketamine hydrochloride given to the fetus. 
Polyvinyl catheters (inner diameter 0.03 inches) were 
inserted through pedal branches into the descending 
aorta and the inferior vena cava. A 3.5 Fr multiple side- 
hole catheter was inserted through a cotyledonary trib- 
utary into one of the two main umbilical veins. After 
placing an inflatable cuff occluder around the umbilical 
cord, an amniotic catheter was inserted to lie adjacent 
to the fetal trunk. Through a separate uterine incision, 
the common umbilical artery was isolated by a retro- 
peritoneal approach as described previously.® The di- 
ameter of the common umbilical artery was measured, 
ranging from 4.5 to 5.5 mm, and a precalibrated elec- 
tromagnetic flow transducer of appropriate size was 
placed around it. 

The fetal and uterine incisions were closed, and am- 


niotic fluid lost during surgery was replaced with warm 
saline solution. All catheters were filled with heparin 
(1000 IU/ml) and plugged. Together with the trans- 
ducer cables of the flow probes and the snare, they 
were then directed subcutaneously to the ewe’s flank, 
exteriorized, and stored in a vinyl pouch. On the 
day of surgery and each day afterward the ewe re- 
ceived 2 million IU penicillin G and 100 mg genta- 
micin, half intravenously and half into the amniotic 
cavity. Catheters were flushed daily and refilled with 
heparin. 

Experimental protocol and measurements. Experi- 
ments were performed 1 to 3 days after surgery while 
the ewe stood quietly in a study cage. Pressures in the 
fetal descending aorta, umbilical vein, inferior vena 
cava, and amniotic cavity were measured with carefully 
calibrated Statham P23Db pressure transducers (Gould 
Inc., Oxnard, Calif.). Amniotic pressure was used as 
the zero pressure reference. Fetal heart rate was mea- 
sured with a cardiotrachometer triggered by the arte- 
rial pulse pressure. Readings of uterine and umbilical 
blood flow were made on Statham SP 2202 electro- 
magnetic blood flow meters. Mean blood flows, fetal 
heart rate, and pressures were recorded continuously 
on an Astro-Med MT-8800 direct writing recorder 
(West Warwick, R.I.). 

Baseline blood samples were withdrawn simulta- 
neously from the fetal descending aorta and the um- 
bilical vein while the ewe was breathing room air or 
100% oxygen for at least 15 minutes. The oxygen was 
administered to the ewe through a loosely fitting plastic 
bag at a rate of 15 L/min. Blood gases and pH were 
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Table II. The effect of maternal oxygen administration on fetal oxygenation during graded reductions in 
umbilical blood flow 








Variable Condition 


Umbilical blood flow (% of control) Room air 
Oxygen 

Umbilical blood flow (ml/min/kg) Room air 
Oxygen 

Umbilical vein oxygen (ml oxygen/dl) Room air 
Oxygen 

Descending aorta oxygen (ml oxygen/dl) Room air 
Oxygen 

Oxygen delivery (ml oxygen/min/kg) Room air 
Oxygen 

Increase in oxygen delivery 

(ml oxygen/min/kg) 

Oxygen consumption (ml oxygen/min/kg) Room air 

Oxygen 


Increase in oxygen consumption 
(ml oxygen/min/kg) 


Umbilical blood flow reduction 






100 71246 48 +5 25 +6 
100 TLJ BOE 8 25 + 5* 
194 + 19 137 = 10 94+ 15 49 + 14 
190 + 19 135 + 14 95 + I8 48 + 10* 
IZA + 15 12.8 = 20 Fy EG 127 +14 
15.0: 1.3 15.5 = 2.3 15.3 +22 15.9 + 1.9F 
ba 12 y ile ae! UY 6.0 + 2.3 4.0 + 2.2 
11.3 = 14 10.2 = 3.7 7.8 £. 3.3 5.5 + 3.0*fł 
24.2 + 4.6 lig EA 12.0 Æ 3.2 6.4 + 2.5 
28.6 + 5.0 214 E 6.1 14.8 + 4.9 0.0 = 24*tt 
44+ 1.1 3.4+ 1.4 2.7 2 17 1.3 + 0.38 
70 2 156 PAN = 33 6:2: = 4.) 43+ 1.2 
6.9 + 0.8 iat 2 4A 7.0 1.2 5.0 + 0.8* 
—0.1 + 0.9 0.0 + 0.8 0.8 + 0.6 07 + 0:6 





Data are mean + SD from five experiments. 
*Significant effect of blood flow reduction. 
Significant effect of oxygen. 


tSignificant interaction between blood flow reduction and oxygen. 


$p < 0.05 compared with baseline. 


measured by a Corning 175 Blood Gas Analyzer (Med- 
field, Mass.). Hemoglobin concentration and oxygen 
saturation were measured photometrically in duplicate 
(Hemoximeter OSM 2, Radiometer, Copenhagen). 

After baseline blood samples were obtained, either 
umbilical or uterine blood flow was reduced in a step- 
wise fashion. We aimed for 30%, 50%, and 75% re- 
ductions of blood flow. At least 10 minutes after the 
flow remained stable at each grade of reduction, a 0.6 
ml blood sample was obtained from the descending 
aorta and umbilical vein, and fetal heart rate, blood 
pressures, and blood flows were measured. Measure- 
ments were then repeated while the ewe breathed 100% 
oxygen for 15 minutes. Between each grade of reduc- 
tion we waited at least 20 to 30 minutes or until pres- 
sures and blood flows had returned to baseline values. 
On each day only one type of blood flow reduction was 
performed; each type of blood flow reduction was per- 
formed only once per animal. 

At the end of the studies the ewe was killed with an 
overdose of pentobarbital sodium (Euthanasia-6, Vet- 
erinary Laboratories, Lexena, Kan.) followed by an in- 
travenous injection of 10 ml saturated potassium chlo- 
ride solution. The fetus was weighed and the correct 
positions of the catheters, flow probes, and snare were 
confirmed. 

Calculations. The oxygen content in the umbilical 
vein and the descending aorta, fetal oxygen delivery, 
and fetal oxygen consumption were calculated as 
follows: 


Oxygen content (ml/dl) = 0.0134 x Hemoglobin 
(gm/dl) x Oxygen saturation (%) 


Oxygen delivery (ml/min) = Oxygen content, 
(ml/dl) x Placental blood flow (ml/min)/100 


Oxygen consumption (ml/min) = Oxygen content,y -pa 
(ml/dl) x Placental blood flow (ml/min)/100 
where UV is umbilical vein and DA is descending 

aorta. 

Statistical analysis. Data analysis was performed with 
a computerized statistical program (SuperANOVA, 
Abacus Concepts, Berkeley, Calif.). Data are expressed 
as mean +SD. The effect of blood flow reduction and 
maternal oxygen administration was analyzed by an 
analysis of variance for repeated measurements with 
two within factors. Furthermore, the program tested 
whether a significant interaction between the two within 
factors (blood flow reduction and maternal oxygen ad- 
ministration) was present. No post hoc multiple com- 
parison testing was performed because only within-fac- 
tors and no between-factors variations were present. 
For all tests, after degree of freedom adjustment, 
p < 0.05 was considered statistically significant. 


Results 


Fetal weight averaged 3.6 kg (range 3.0 to 4.5 kg). 
At baseline, while the ewe was breathing room air, fetal 
blood gases, umbilical blood flow, oxygen delivery, and 
oxygen consumption were within the normal range of 
values measured in our laboratory (Tables I to IV). 

At baseline maternal oxygen administration in- 
creased umbilical venous oxygen saturation to nearly 
100%. Because umbilical blood flow did not change, 
maternal oxygen administration increased fetal oxygen 
delivery by about 4.5 ml/min/kg, representing a 20% 
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Table III. The effect of maternal oxygen administration on fetal blood gases during graded reductions in 
uterine blood flow 









Uterine blood flow reduction 





Variable Condition 


Fetal descending aorta 


Hemoglobin (gm/dl) Room air IEEE HIES ILD 2 25 11.9 #23 
Oxygen Li: > Zit TEETE- ILI = 22 20 2a 
Oxygen saturation (%) Room air 54.7 = 129 46.8 + 15.1 31.0 + 13.1 14.8 + 6.4 
Oxygen 69.7 = 5:1 59.7 + 13.5 19.5 = 15.3 AR AA i i 
Umbilical vein 
Hemoglobin (gm/dl) Room air 10.9 + 2.3 10.9 + 2.2 I1? 25 INERI 
Oxygen 10.6 + 2.0 10.8 + 2.1 10.8 + 2.2 Lia = 26" 
Oxygen saturation (%) Room air 19.9 £ 129 T10 = 155 50.9 + 16.3 25.0 + 9.3 
Oxygen 95.7 + 3.3 85.0 + 12.6 72.0 + 14.4 35.1 + 12.8% + 
pH Room air 7.41 + 0.02 7.39 + 0.02 7.36 + 0.02 7.29 + 0.05 
Oxygen 7.36 + 0.02 TIS = 0.05 7.31 + 0.01 7.24 x 0.035* F 
Pco, (mm Hg) Room air 45.5 + 3.0 47.7 = 3.1 51.9 + 4.8 61.0 + 6.9 
Oxygen 51.0 + 5:4 55.1 = 45 506 = 5.7 OAI 2°62" F 
Po, (mm Hg) Room air 30.8 + 7.8 26.62 7.3 19.8 + 4.1 14.8 + 2.8 
Oxygen 50.7 + 10.4 $6.0 2 12,5 S20 7.1 13.9 212.2" TF 





Data are mean + SD from six experiments. 

*Significant effect of blood flow reduction. 

+Significant effect of oxygen. 

Significant interaction between blood flow reduction and oxygen. 


Table IV. The effect of maternal oxygen administration on fetal oxygenation during graded reductions in 
uterine blood flow 


Uterine blood flow reduction 





Variable Condition Baseline 50% 70% 
Uterine blood flow (% of control) Room air 100 I&A 5048 30 + 3 
Oxygen 100 ilS 50 +7 $i 3* 
Umbilical blood flow (ml/min/kg) Room air 202 + 14 205 + 13 211 = 20 219 + 29 
Oxygen 201 + 12 207 = 13 212 = 24 233 = 26* 
Umbilical vein oxygen (ml oxygen/dl) Room air 11.4 + 0.9 10.1 + 1.1 12 2 45 $.8 £12 
Oxygen 13.7 = 2.2 12.1 + 1.4 10,5. 2:1 5.4 = 2.1" 7 
Descending aorta oxygen (ml oxygen/dl) Room air 8.0 + 1.0 G7 = 1S 452 13 2.5 £03 
Oyxgen 10.2 = LO $.6 = 1.2 he a SPELT 
Oxygen delivery (ml oxygen/min/kg) Room air 23.0 + 2.0 208 = 22 15.4 + 3.0 8.3 + 2.4 
Oxygen 27.4 = 3.7 250 = 3.0 21.9 + 4.4 12.3. = 3.0" t 
Increase in oxygen delivery 4.4 + 3.9 42 223 6.5 + 2.6 4.0 + 2.6 
(ml oxygen/min/kg) 
Oxygen consumption (ml oxygen/min/kg) Room air 6.8 + 1.6 7.0 + 1.4 594 3.3 + 0.8 
Oxygen 6.9 + 13 io £19 6.6 + 1.7 4.7 = 1.6" 7% 
Increase in oxygen consumption 0.1 = 0.7 032 10 O7 #12 1.4 + 1.3§ 
(ml oxygen/min/kg) 
Data are mean + SD from six experiments. 
*Significant effect of blood flow reduction. 
*Significant effect of oxygen. 
Significant interaction between blood flow reduction and oxygen. 
§p < 0.05 compared with baseline. 
increase compared with room air (Tables I, IV). Fetal bilical blood flow reduction (Table I1). With a reduction 
oxygen consumption remained unchanged. of fetal oxygen delivery below 12 ml/min/kg, fetal oxy- 
Graded reductions of umbilical blood flow resulted gen consumption began to decrease. 
in a significant increase in fetal hemoglobin concentra- Maternal oxygen administration during graded re- 
tion (Table I). Fetal descending aortic oxygen satura- ductions of umbilical blood flow decreased umbilical 
tion decreased significantly, whereas umbilical venous venous pH and increased umbilical venous PCO» sig- 
oxygen saturation remained unchanged. Fetal oxygen nificantly (Table I), probably due to maternal hyper- 


delivery decreased in proportion to the grade of um- capnia. Umbilical venous Pco, and oxygen saturation 
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Oxygen delivery at 100% oxygen = 


0.4 + 0.29 biood flow reduction 


r=0.92 


10 


Oxygen delivery (mL/min/kg) 
S 






® Oxygen 
© Room air 


Oxygen delivery at room air = 
0.5 + 0.24 blood flow reduction 
r=0.91 





0 20 40 


80 100 


Reduction of umbilical blood flow (%) 


Fig. 1. Effect of maternal oxygen administration on fetal oxygen delivery during graded reductions 


of umbilical blood flow. 


increased significantly. As a result, umbilical venous 
oxygen content increased to about 15.5 ml/min/kg at 
all grades of blood flow reduction (Table I1). Thus ma- 
ternal oxygen administration increased fetal oxygen 
delivery by 20% compared with the corresponding 
room air values. There was a significant interaction 
between the effect of maternal oxygen adminis- 
trauon and blood flow reduction; although oxygen 
administration increased fetal oxygen delivery by 4.4 
ml/min/kg at baseline, increases were 3.4, 2.7, and 1.3 


ml/min/kg with a 30%, 50%, and 75% reduction of 


umbilical blood flow. Thus the beneficial effect of ma- 
ternal oxygen administration on fetal oxygen delivery 
diminished with the severity of blood flow reduction. 
Maternal oxygen administration did not increase fetal 
oxygen consumption significantly. 

Fig. | illustrates the relationship of fetal oxygen de- 
livery to umbilical blood flow. In both room air— and 
oxygen-treated fetuses oxygen delivery was linearly re- 
lated to umbilical blood flow. Fetal oxygen delivery was 
significantly greater in fetuses treated with oxygen. 
However, this increase was related to umbilical blood 
flow and diminished with the severity of blood flow 
reduction. 

Graded reductions of uterine blood flow resulted in 
a significant increase in fetal hemoglobin concentration 
(Table III). Fetal arterial and umbilical venous oxygen 
saturation decreased significantly; umbilical blood flow 
increased by a modest degree. Fetal oxygen delivery 


decreased when uterine blood flow fell below 60% of 


baseline values (Table IV). With a reduction of fetal 


oxygen delivery below 15 ml/min/kg, fetal oxygen con- 
sumption began to decrease. 

Maternal oxygen administration during reductions 
of uterine blood flow decreased umbilical venous pH 
and increased umbilical venous Pco,_ significantly 
(Table IHI), indicating maternal hypercapnia. Umbilical 
venous Pco, and oxygen saturation increased signifi- 
cantly. As a result, maternal oxygen administration in- 
creased umbilical venous oxygen content by about 
2 ml/dl at all grades of blood flow reduction (Table 
IV). Because umbilical blood flow remained un- 
changed, maternal oxygen administration increased fe- 
tal oxygen delivery by about 4 ml/min/kg at all grades 
of uterine blood flow reduction. There was no signif- 
icant interaction between the effect of maternal oxygen 
administration and blood flow reduction; thus the ben- 
eficial effect of maternal oxygen administration on fetal 
oxygen delivery was about the same at baseline and at 
30%, 50%, and 70% reductions of uterine blood flow. 
Maternal oxygen administration increased fetal oxygen 
consumption significantly by 1.4 + 1.3 ml/min/kg 
when uterine blood flow was reduced to 30% at 
baseline. 

Fig. 2 illustrates the relationship of fetal oxygen de- 
livery to uterine blood flow reduction. In room air— 
and oxygen-treated fetuses, oxygen delivery was log- 
arithmically related to uterine blood flow. Fetal oxygen 
delivery was significantly greater in fetuses treated with 
oxygen. The increase in fetal oxygen delivery by ma- 
ternal oxygen administration was not related to the 
grade of uterine blood flow reduction, even when 
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Oxygen delivery at 100% oxygen = 
- 29 + 28.6 log (blood flow reduction) 
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Fig. 2. Effect of maternal oxygen administration on fetal oxygen delivery during graded reductions 


of uterine blood flow. 


uterine blood flow was reduced to 30% of baseline 
values. 


Comment 


The aim of the present study was to assess the effect 
of maternal oxygen administration on fetal blood gases, 
oxygen delivery, and oxygen consumption during 
graded reductions of uterine blood flow. The effect of 
maternal oxygen administration during reductions of 
uterine blood flow was also compared with that during 
reductions of umbilical blood flow of similar degree. 

To reduce uterine blood flow, we used a snare placed 
around the common uterine artery. The effect of con- 
stricting the snare was monitored with a flow probe 
placed around the main uterine artery supplying the 
pregnant horn. Although the method is easy to use, 
certain limitations must be kept in mind. First, the 
uteroplacental circulation receives some blood supply 
from the ovarian arteries, which were not constricted 
by the snare, and second, although constriction of the 
snare should produce equal blood flow reduction in 
both uterine arteries, this may not always be true.’ Be- 
cause of these limitations, changes in uteroplacental 
blood flow may not have been accurately reflected by 
measurement of flow in one uterine artery. 

Our results on the effect of reducing umbilical blood 
flow are in close agreement with previous studies.* ° 
Umbilical venous oxygen content did not decrease dur- 
ing reduction of umbilical blood flow; thus fetal oxygen 
delivery was linearly related to umbilical blood flow. 


Fetal oxygen consumption was maintained with reduc- 
tion of umbilical blood flow to about 50% of baseline 
values; further reductions were associated with a pro- 
gressive fall in oxygen consumption. 

The effect of maternal oxygen administration on fe- 
tal oxygenation during reduction of umbilical blood 
flow has been studied previously.’ From these studies 
it was concluded that maternal oxygen administration 
increases oxygen delivery to the fetus during times of 
reduced umbilical perfusion. However, because um- 
bilical venous oxygen content does not decrease and 
may actually increase during reduction of umbilical 
blood flow,’ only a small amount of oxygen can be 
added by maternal oxygen administration. Under these 
conditions umbilical blood flow is the main determinant 
of fetal oxygen delivery; the beneficial effect of mater- 
nal oxygen administration diminishes with the severity 
of blood flow reduction. Thus maternal oxygen ad- 
ministration has only a modest effect on fetal oxygen 
delivery when umbilical blood flow falls below 50% of 
baseline values. 

The effect of uterine blood flow reduction on fetal 
oxygenation has been studied extensively." In agree- 
ment with these studies our results demonstrate that 
the oxygen supply to the pregnant uterus exceeds the 
minimum necessary to maintain fetal oxygen delivery. 
Thus fetal oxygen delivery started to decrease only 
when uterine blood flow fell below 60% of baseline 
values. 

A previous study investigated the effect of maternal 
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oxygen administration on fetal oxygenation in chron- 
ically hypoxemic, growth-retarded fetal sheep.’ In this 
study maternal arterial oxygen content and umbilical 
blood flow were in the physiologic range of values. Thus 
it may be speculated that the underlying cause for 
chronic hypoxemia in these fetuses was a severe re- 
duction in uterine blood flow. Maternal oxygen admin- 
istration increased fetal oxygen delivery by about 5.5 
ml/min/kg.’ In our present study maternal oxygen ad- 
ministration has been shown to have a significant effect 
on fetal oxygen delivery, even with a short-term re- 
duction in uterine blood flow to 30% of baseline. 

During reduction of uterine blood flow umbilical ve- 
nous oxygen saturation decreases significantly. Thus a 
substantial amount of oxygen can be added to umbilical 
venous blood. For example, when uterine blood flow 
was reduced to 30% of baseline, maternal oxygen ad- 
ministration increased umbilical venous oxygen content 
from 3.8 to 5.4 ml/dl. Because umbilical blood flow did 
not change, maternal oxygen administration increased 
fetal oxygen delivery from 8.3 to 12.3 ml/min/kg, rep- 
resenting a 50% increase. 

In summary, we have demonstrated that maternal 
oxygen administration has a significant effect on fetal 
oxygenation during short-term reductions of uterine 
or umbilical blood flow. However, the beneficial effect 
of maternal oxygen administration is far greater during 
reductions of uterine blood flow than during reduc- 
tions of umbilical blood flow. If the response of the 
human fetus to maternal oxygen administration is sim- 
ilar to that of the sheep fetus, maternal oxygen admin- 
istration may be beneficial to the fetus during labor, 
especially when the fetal heart rate pattern is suggestive 
of reduced uterine blood flow. 


Effect of maternal oxygen on fetal oxygenation 239 


We thank Christine Roman, Roger Chang, and Mario 
Trujillo for skillful technical and Paul Sagan for edi- 
torial assistance. 


REFERENCES 


l. Huch A, Huch R, Schneider H, Rooth G. Continuous 
transcutaneous monitoring of fetal oxygen tension during 
labour. Br J Obstet Gynaecol 1977;84:1-39. 

2. Nicolaides KH, Campbell S, Bradley RJ, Bilardo CM, 
Soothill PW, Gibb D. Maternal oxygen therapy for intra- 
uterine growth retardation. Lancet 1987;1:942-5. 

3. Künzel W, Wulf H. Der Einfluß der maternen Ventilation 
auf die aktuellen Blutgase und den Säure-Basen-Status 
des Feten. Z Geburtshilfe Gynäkol 1970;172:1-24. 

4. Edelstone DI, Peticca BB, Goldblum LJ. Effects of ma- 
ternal oxygen administration on fetal oxygenation during 
reduction in umbilical blood flow in fetal lambs. Am J] 
OBSTET GYNECOL 1985;152:351-8. 

5. Goetzman BW, Itskovitz J, Rudolph AM. Fetal adaptations 
to spontaneous hypoxemia and responses to maternal 
oxygen breathing. Biol Neonate 1984;46:276-84. 

6. Berman W, Goodlin RC, Heymann MA, Rudolph AM. 
Measurement of umbilical blood flow in fetal lambs in 
utero. J Appl Physiol 1975;39:1056-9. 

7. Clark K, Durnwald M, Austin J. A model for studying 
chronic reduction in uterine blood flow in pregnant 
sheep. Am J Physiol 1982;242:H297-301. 

8. Edelstone DI, Rudolph AM, Heymann MA. Effects of 
hypoxemia and decreasing umbilical blood flow on liver 
and ductus venosus blood flows in fetal lambs. Am J Phys- 
iol 1980;238:H656-63. 

9. Itskovitz J, La Gamma EF, Rudolph AM. The effect of 
reducing umbilical blood flow on fetal oxygenation. AM 
J OBSTET GYNECOL 1983;145:813-8. 

10. Wilkening RB, Meschia G. Fetal oxygen uptake, oxygen- 
ation, and acid-base balance as a function of uterine blood 
flow. Am J Physiol 1983;244:H749-55. 

11. Skillman CA, Plessinger MA, Woods JR, Clark KE. Effect 
of graded reductions in uteroplacental blood flow on the 
fetal lamb. Am J Physiol 1985;249:H 1098-1105. 

12. Yaffe H, Parer JT, Block BS, Llanos AJ. Cardiorespiratory 
responses to graded reductions of uterine blood flow in 
the sheep fetus. J Dev Physiol 1987;9:325-36. 


Convulsions in pregnancy in related gorillas 
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Two related gorillas, the second the granddaughter of the first, had pregnancies complicated by 
convulsions and edema. They may have suffered from eclampsia, indicating that this is not an exclusively 
human disease and that in gorillas, as in humans, there is a familial factor. (Am J OBSTET GYNECOL 


1992:167:240-1.) 


Key words: Eclampsia, gorillas, pregnancy 


It is generally considered that Homo sapiens is the only 
species affected by the pregnancy-specific diseases pre- 
eclampsia and eclampsia, although single cases of pos- 
sible eclampsia’ and preeclampsia have been reported 
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in captive lowland gorillas. We wish to draw researchers’ 
attention to another published case of probable eclamp- 
sia affecting the maternal grandmother in the case re- 
ported by Baird.' 


Case report 


The case in question was mentioned by George 
Schaller in his classic book, The Mountain Gorilla,” but 
there is no published reference to the fact that the 
gorillas were related. He reported that the first suc- 
cessful gorilla pregnancy in captivity at the Columbus 
Zoo, Columbus, Ohio, in 1956 was complicated by con- 
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Fig. 1. Gorilla family tree. 


240 


Volume 167 
Number | 


vulsions and edema. The mother, Millie, delivered a 
female infant named Colo, which survived, but no fur- 
ther details were given. Colo had three offspring, a son 
and two daughters. One of the daughters, ‘Toni, had 
three pregnancies by her brother Oscar. The first and 
third pregnancies were normal and resulted in the de- 
livery of healthy daughters, but the second was com- 
plicated by convulsions and edema.' The blood pres- 
sure was not recorded, urine was not tested for protein, 
and the gestation was uncertain. The mother was 
treated with magnesium sulfate, and the pregnancy 
continued for 2 weeks after the convulsions. The male 
baby was alive at birth but died of salmonella sepsis at 
18 days. The placenta was infarcted. Toni subsequently 
had three further pregnancies without complication 
and at the time of writing is pregnant again. The family 
tree is shown in Fig. 1. Both these cases are suggestive 
of eclampsia. Neither mother had convulsions before 
and after the affected pregnancies, and Millie went on 
to live another 20 years after the delivery of Colo, al- 
though she never had another pregnancy. There is no 
other disease with which they are likely to have been 
affected. 


Comment 


These two cases have prompted us to set up a data 
base of gorilla births in captivity. This is not yet com- 
plete, but there may have been another case of pre- 
eclampsia. That pregnancy was complicated by pro- 
teinuria (2+ to 3+) (specimen collected from the cage 
floor) and resulted in the stillbirth of a 2200 gm female 
fetus. There was evidence of abruptio placentae and 
infarction. This was the third of five pregnancies, pa- 
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ternity having changed after the fourth only. All the 
others resulted in live births. We have details of >200 
gorilla births in captivity worldwide. A rate of two cases 
of eclampsia is similar to that in humans before the 
availability of widespread antenatal care, where rates 
of one to two per thousand pregnancies have been re- 
ported. We would be interested to hear of any other 
cases that may have gone unreported. 

It would be surprising if preeclampsia were an ex- 
clusively human disease. Gorillas and chimpanzees are 
the primates most closely related to man, not only an 
atomically and behaviorally but also at the molecular 
level. In common with man both species have a hem- 
ochorial placenta and a comparable gestation period. 
Orangutans have a slightly shorter gestation, and al- 
though we can find no evidence of eclampsia oc- 
curring in an orangutan, one at the San Diego Zoo with 
a pregnancy complicated by proteinuria delivered a 
stillborn infant. The occurrence of eclampsia in related 
gorillas may support a genetic etiology. In humans 
some workers have demonstrated inheritance patterns 
compatible with mendelian inheritance, although our 
twin studies have recently provided conflicting 
data.” 
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Messenger ribonucleic acid for transforming growth factor-a, 


but not for epidermal growth factor, is expressed in fetal and 


neonatal mouse brain 


John Yeh, MD," Kenneth M. Rosen, PhD,” and Lydia Villa-Komaroff, PhD” 


Boston, M assachusetts 


OBJECTIVE: Little is known concerning the presence of transforming growth factor-a in fetal and neonatal 
tissues. Our objective was to analyze messenger ribonucleic acid expression for transforming growth 
factor-a and epidermal growth factor, the structural and biochemical analog of transforming growth factor-a 


in fetal and neonatal murine brain. 


STUDY DESIGN: Messenger ribonucleic acid was prepared from whole brains of mice from these 
developmental stages: embryonic days 14, 15, and 17, postnatal days 0, 4, 10, and adult. Polymerase 
chain reaction was performed on the complementary deoxyribonucleic acid obtained from reverse 
transcription of messenger ribonucleic acid with transforming growth factor-a and epidermal growth factor 
primers. In addition, ribonuclease protection assay was used to identify transforming growth factor-a 


transcripts. 


RESULTS: We found messenger ribonucleic acid encoding transforming growth factor-a in all stages of 
development used. Epidermal growth factor messenger ribonucleic acid was not found in any stage. 
Ribonuclease protection assay confirmed transforming growth factor-a transcripts in these tissues. 
CONCLUSION: Transforming growth factor-a may play an autocrine or paracrine role in the differentiation 
or maintenance of murine fetal and neonatal brains. (Am J OssteT GYNECOL 1992;167:242-5.) 


Key words: Transforming growth factor-a, epidermal growth factor, brain development, 


growth factors 


Transforming growth factor-a (ITGF-a) is a 50- 
amino-acid peptide that causes a reversible transfor- 
mation of phenotype in normal rat kidney cells.’ It is 
a biochemical and structural homolog to epidermal 
growth factor (EGF) in that it has 30% to 40% amino 
acid identity and similar three-dimensional character- 
istics. Both growth factors act through the same 170 
kd tyrosine kinase receptor, the EGF receptor, for sig- 
nal transduction. The two growth factors have been 
implicated as autocrine or paracrine regulators of cel- 
lular function. 

In situ hybridization analysis has revealed the pres- 
ence of transforming growth factor-a messenger ri- 
bonucleic acid (mRNA) in adult mouse brain.” In situ 
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hybridizations performed with whole fetal mice show 
TGF-a mRNA in the fetal otic vesicle and oral cavity, 
among other places, but no TGF-a mRNA was found 
after embryonic day 10.* Kudlow et al.* demonstrated 
that fetal rat hypothalamus and brain stem contained 
TGF-a mRNA but did not specify the developmental 
stage of the fetus studied. 

Reverse transcription of mRNA into complementary 
deoxyribonucleic acid (CDNA) and then amplification 
of the cDNA by polymerase chain reaction has allowed 
the analysis of small quantities of mRNA. This method 
has been used to demonstrate that mRNA encoding 
TGF-a, but not EGF, is expressed in preimplantation 
mouse embryos.” We used this method and ribonu- 
clease protection assay to study the developmental 
expression of TGF-a and EGF mRNA in fetal and neo- 
natal murine brain. The presence of TGF-a mRNA 
would suggest a possible autocrine or paracrine role 
for this growth factor in brain development. 


Material and methods 


mRNA preparation. C57BL/6j mice were obtained 
from the breeding colony of the Children’s Hospital 
Mental Retardation Research Center. The care and use 
of the animals were approved by the Children’s Hos- 
pital animal care committee. Whole brains were isolated 
from the following developmental stages: embryonic 
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days 14, 15, and 17, postnatal days 0, 4, and 10, anda 
60-day-old adult. RNA was isolated with the guanidine 
isothiocyanate method, followed by centrifugation 
through cesium chloride.* 7 

Reverse transcription. The mRNA from the murine 
brains was used as template for the synthesis of cDNA 
by the following method’: Two micrograms of oligo- 
deoxythymidylic acid (12 to 18) (Pharmacia, Piscataway, 
N.J.) were used as primer for each reverse transcription 
reaction. Five hundred nanograms of RNA and oli- 
godeoxythymidylic acid in a final volume of 20 wl was 
heated to 68° C for 2 minutes and then cooled to 25° 
C for 2 minutes. 5 x BRL reverse transcription buffer 
(BRL, Gaithersburg, Md.), 2 ul RNAsin (Promega, 
Madison, Wis.), 16 wl 2.5 mmol/L deoxynucleotides, 
and 400 U Moloney murine leukemia virus reverse 
transcriptase (BRL) were added to the mRNA and oli- 
godeoxythymidylic acid mixture in a final volume of 
50 wl. This mixture was incubated at 42° C for 45 min- 
utes. An additional 400 U Moloney murine leukemia 
virus reverse transcriptase was added, and the mixture 
was incubated at 42° C for a further 45 minutes. The 
incubation was terminated by heating to 68° C for 10 
minutes and then stored at — 20° C until used for po- 
lymerase chain reaction. 

Polymerase chain reaction. TGF-a primers 
used were 5'ACCTGCAGGTTTTTGGTGCAG3’' and 
5'GCAGACGAGGGCACGGCACCA3’.? The two TGF- 
a primers encompass a 239 bp nucleic acid region en- 
coding bases 58 to 78 (5'-oligonucleotide) and bases 297 
to 277 (3'-oligonucleotide), respectively, and with DNA 
sequence having a unique restriction endonuclease site 
for Sph I such that fragments of 159 and 80 bp are 
generated after cleavage. EGF primers used were 
from the mouse cDNA sequence and were 
5'AATAGTTATCCAGGATGCCCA3'’ (bases 3238 to 
3259) and 5’'TCGTAGGTCTCGAGTCTGACATCG3' 
(bases 3381 to 3357).* The primers encompass the se- 
quence encoding the first 48-amino-acid residues of the 
mature EGF peptide. 

Polymerase chain reaction DNA amplification used 
10 wl of the reverse transcribed cDNA.’ A Perkin-EI- 
mer/Cetus GeneAmp (Perkin-Elmer/Cetus, Norwalk, 
Conn.) kit was used according to manufacturer’s in- 
structions. Thirty cycles of the following thermocycling 
conditions were used: 94° C for 20 seconds, 55° C for 
20 seconds, and 72° C for 30 seconds. mRNA from 
whole adult mouse ovary was used as positive control 
for TGF-a and adult male mouse salivary mRNA was 
a positive control for EGF for reverse transcription 
polymerase chain reaction. Yeast transfer RNA was 
used as negative control. 

Analysis of polymerase chain reaction products. 
The amplified DNA fragments were analyzed without 
further purification by electrophoresis on 3% NuSieve 
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and 1% SeaKem (FMC, Rockland, Me.) agarose gels. 
Before digestion with the restriction endonuclease Sph 
I, the polymerase chain reaction—amplified DNA frag- 
ments were chloroform extracted, ethanol precipitated, 
and resuspended in sterile water. 

Ribonuclease protection assay. A TGF-a 239 bp 
polymerase chain reaction fragment was cloned into a 
Bluescript phagemid vector by the method of Marchuk 
et al.” This TGF-a clone was sequenced to confirm its 
idenuty and orientation. After that, in vitro transcrip- 
tion of TGF-a was performed (SP6/T7 Transcription 
Kit, Boehringer/Mannheim, Indianapolis), with a- 
“phosphorus cytidine triphosphate (Amersham, Ar- 
lington Heights, Ill.) as the label, and the radiolabeled 
TGF-a RNA probe was purified with a 5% acrylamide 
gel. This purified TGF-a probe was then hybridized 
overnight at 45° C to 10 wg of murine brain RNA (RPA 
II Kit, Ambion, Austin, Tex.). The hybridized RNA 
was digested with ribonuclease A and T1 for 30 minutes 
at 37° C, then was subjected to electrophoresis in a 5% 
acrylamide gel. After that, the gel was exposed to Ko- 
dak XAR-5 film (Eastman Kodak Co., Rochester, N.Y.) 
at — 70° C with an intensifying screen (Dupont Cronex 
Lightning Plus, Dupont Instruments, Wilmington, 
Del.) for 2 days. The positive control used was adult 
rodent ovary, which is known to contain TGF-a mRNA. 
The negative control was yeast RNA. 

Northern blotting. RNA was fractionated on 2.2 
mol/L formaldehyde and 1.2% agarose surface tension 
gel and transferred to a charged nylon membrane (Ny- 
tran, Schleicher, and Schuell, Keene, N.H.). The blots 
were hybridized in 50% formamide, 5x saline solu- 
tion—sodium citrate buffer at 48° C overnight. A 925 
bp fragment from the TGF-a probe phTGF1-10-925 
(gift of G.I. Bell) was labeled (specific activity of 1 x 
10° disintegrations/min/wg) with a random hexanu- 
cleotide priming kit (Boehringer-Mannheim, Indian- 
apolis) and a-*P deoxycytidine triphosphate (Amer- 
sham). After hybridization and washing, the filters were 
exposed to Kodak XAR-5 film at — 70° C with an in- 
tensifying screen. 


Results 


With reverse transcription and then polymerase 
chain reaction, amplification products specific for TGF- 
a were detected in the brains at the following stages of 
development: embryonic days 14, 15, and 17, postnatal 
days 0, 4, and 10, and adult brain (Fig. 1). Restriction 
endonuclease digestion by Sph I of the polymerase 
chain reaction—amplified DNA revealed appropriate 
hydrolysis of the 239 bp TGF-a sequences into frag- 
ments of 159 and 80 bp (Fig. 1). With the cDNA from 
the same reverse transcription reaction, polymerase 
chain reaction amplification was performed with prim- 
ers for EGF. No polymerase chain reaction—amplified 
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— 159bp 


— 80bp 


Fig. 1. A, Reverse transcription followed by polymerase chain reaction with primers for TGF-a of 


murine fetal (embryonic days E/4, E15, and £17) and neonatal (postnatal days PO, P4, and P10) 
brain mRNA results in 239 bp DNA in all developmental stages studied. B, Digestion of the reverse 
transcribed polymerase chain reaction 239 bp DNA fragments with Sph 1 results in the predicted 
fragments of 159 and 80 bp, thereby confirming that polymerase chain reacuon—amplified fragments 


encode [GF-a. 















Fig. 2. Ribonuclease protection assay with 10 pg to total RNA from whole mouse brain hybridized 
with 239 bp TGF-a RNA probe. Lanes 1 to > represent the following developmental stages: embryonic 
days 15 and 17 and postnatal days 0, 4, and 10. Lane 6, adult rodent ovary. Lane 7, Yeast negative 
control, Lane 8, Undigested radiolabeled TGF-a RNA probe. 


DNA encoding EGF was observed in the brain devel- 
opmental series. Mouse salivary gland mRNA, which is 
a positive control for EGF, resulted in the expected 
polymerase chain reaction amplification product. 
Ribonuclease protection assay was used as a second 
method to confirm the expression of T GF-a in fetal 
and neonatal brain (Fig. 2). Ten micrograms of total 
RNA from embryonic days 15 and 17 and postnatal 
days 0, 4, and 10 murine brain was used for analysis 


and all developmental stages showed the presence of 
TGF-a transcripts. Northern analysis with up to 20 pg 
RNA was used as another method to confirm the pres- 
ence of TGF-a and revealed faint positive signals at the 


expected 4.5 kb TGF-a mRNA location. 


Comment 


We conclude that fetal and neonatal expression of 
TGF-a,. but not EGF, mRNA occurs in both the devel- 
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oping and mature mouse brain. Ribonuclease protec- 
tion analysis also shows that TGF-a expression occurs 
in fetal and neonatal murine brain. 

Rappolee et al.’ detected mRNA for TGF-a, but not 
EGF, in preimplantation murine embryos with reverse 
transcription followed by polymerase chain reaction 
amplification of CDNA. Paria and Dey” found that ad- 
dition of TGF-œa or EGF to the culture medium of 
mouse blastocytes improved embryo development. 
They also showed that EGF receptors are present in 
eight-cell embryos. These data suggest that TGF-a or 
EGF may have an important role in the development 
of preimplantation and perimplantation mouse em- 


bryos. 


Previous investigators have reported the presence of 


TGF-a in fetal rodent brains but have not reported 
expression of TGF-a in a developmental series. Brown 
etal." found evidence for TGF-a by radioimmunoassay 
in late gestational fetal rat brains (embryonic day 20), 
with peak levels observed in late gestation. Ojeda et al.'° 
reported that mouse embryonic day 18 fetal hypothal- 
amus had TGF-a mRNA, by Northern analysis, but not 


EGF mRNA. They also reported that higher levels of 


TGF-a mRNA was observed on embryonic day 18 than 
postnatally. Kudlow et al.’ showed that fetal rat hypo- 
thalamus and brain stem contained TGF-a mRNA but 
did not specify the developmental stage of the fetus 
studied. We used reverse transcription followed by 
polymerase chain reaction, a much more sensitive 
method of detection of mRNA encoding for TGF-a, to 
study the developmental expression of TGF-a and 
found that TGF-a mRNA was expressed in all stages 
studied, starting from embryonic day 14. Our evidence 
confirms that TGF-a mRNA is expressed in fetal mouse 
brain. 

Cell culture and in vivo studies indicate that TGF-a 
or EGF may have a physiologic function in brain tissues. 
Cultures of fetal rat telencephalon with EGF cause a 
stimulation of lectin production, which in turn may be 
related to neuronal aggregation. TGF-a and EGF in- 
creased gonadotropin-releasing hormone release from 
juvenile rodent female median eminances in a dose- 
related fashion. The mRNA for both TGF-a and its 
receptor, the EGF receptor, are present in the bovine 
pituitary.’ In vivo, Polk et al. infused EGF in fetal 
sheep and found resultant increased corticotropin 
levels, suggesting that EGF or TGF-a may have pitu- 
itary functions. Thus TGF-a and its receptor may have 
physiologic roles in the regulation of brain and pituitary 
function. The most likely reason for our finding that 
TGF-a, but not EGF, mRNA is present in the fetal and 
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neonatal tissues is that TGF-a is the physiologic factor 
that acts as the autocrine or paracrine ligand for the 
EGF receptor in the mouse brain. Furthermore, our 
data that T'GF-a mRNA is expressed both in fetal and 
in neonatal brains suggest that TGF-a may be impor- 
tant both in utero and post partum. 
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Cardiac electromechanical dissociation in the hypoxic fetal 


sheep may have clinical implications 


Reuven M. Lewinsky, MD, Lawrence W. Oppenheimer, MB, Robert J. Morrow, MD, 
S. Lee Adamson, PhD, Dan Farine, MD, and J.W. Knox Ritchie, MD 


Toronto, Ontario, Canada 


OBJECTIVES: Our purpose was to determine the sequence of fetal cardiac electrical and mechanical 
events associated with acute hypoxic acidemia and to correlate those events with terminal fetal heart rate 


patterns preceding fetal death. 


STUDY DESIGN: Eight acutely catheterized fetal sheep were rendered hypoxic by placenta! embolization 
with microspheres until fetal death occurred. The fetal electrocardiogram, Doppler cardiogram, left 
ventricular and aortic pressures, and fetal heart rate were continuously recorded. 

RESULTS: All eight fetuses showed a terminal bradycardia consisting of two phases: an initial phase of 
falling ventricular pressures, culminating in mechanical asystole, and a subsequent phase after asystole 
during which the electrocardiographic signal persisted for an average duration of 15.2 + 8.7 minutes 
(range 3.1 to 32.4) and triggered a Hewlett-Packard 8040A monitor to show a heart rate pattern. 
CONCLUSIONS: The phenomenon of cardiac electromechanical dissociation may be occurring during 
similar terminal bradycardias that are observed in human labor and explains the delivery of a fresh stillbirth 
in spite of the recording of an electrocardiographic signal from a scalp electrode. (Am J OBSTET GYNECOL 


1992;167:246-9.) 


Key words: Fetal death, fetal electrocardiogram, electromechanical dissociation, fetal 


monitoring, fetal sheep 


Electromechanial dissociation is the persistence of 
electrocardiographic complexes in the absence of ef- 
fective cardiac output. In adults it is usually due to a 
significant reduction in preload, as in exsanguinating 
hemorrhage or pericardial tamponade, or to a marked 
increase in afterload, such as in massive pulmonary 
embolism. Electromechanical dissociation may also re- 
flect severe dysfunction of the cardiac pump.’ Myocar- 
dial ischemia has been implicated in the development 
of electromechanical dissociation, and it is the most 
frequent cause of unsuccessful resuscitation in critically 
ill adults, accounting for up to 68% of sudden death 
after myocardial infarction.” 

Although many obstetricians will have had the ex- 
perience of delivering a fresh stillbirth after a sustained 
bradycardia, to our knowledge the cardiac electrome- 
chanical events underlying such terminal fetal heart 
rate (FHR) patterns have not been described. We now 
report the observation of electromechanical dissocia- 
tion in hypoxemic and acidemic fetal sheep and discuss 
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the clinical implications of this finding for electronic 
monitoring of the human fetus in labor. 


Material and methods 


Surgical procedure. Surgery was performed on eight 
pregnant ewes, each with a singleton gestation between 
132 and 134 days. Anesthesia was induced with thio- 
pental sodium infused intravenously and was main- 
tained by positive pressure ventilation with isoflurane, 
1.25% to 2%, and oxygen. The ewes were mildly hy- 
perventilated (tidal volume 700 ml, respiratory rate 20 
breaths/min) to prevent carbon dioxide accumulation. 
The fetal head, forelimbs, and chest were withdrawn 
through a uterine incision. Catheter-tip pressure trans- 
ducers (2F, Millar, Houston) were introduced into the 
left ventricle and the aorta just above the aortic valve 
through a carotid artery (locations confirmed at ne- 
cropsy). Three electrocardiogram (ECG) electrodes 
were sutured to the fetal chest. The fetus was replaced 
and the uterine incision was closed. The hind part of 
the fetus was then withdrawn through a separate uter- 
ine incision, and a fluid-filled catheter was introduced 
into the aorta through a femoral artery and used to 
obtain blood samples and inject microspheres for pla- 
cental embolization. The hind part of the fetus was then 
replaced, and the second uterine incision was closed. 
The catheters and ECG leads were exteriorized 
through the abdominal incision of the ewe, which was 
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Fig. 1. Cardiac electrical and mechanical waveforms at onset of electromechanical dissociation. DCG, 
Doppler cardiogram. Note that ECG signal continues beyond point of mechanical asystole, which 


is indicated by arrow. 


held closed with clamps. A vascular catheter was placed 
in the femoral artery of the ewe to monitor maternal 
blood pressure and blood gases. 

Experimental procedure. The ECG leads were con- 
nected to an FHR monitor (Hewlett Packard 8040A, 
Hewlett Packard Co., Palo Alto, Calif.), which also sup- 
plied a Doppler signal when the transducer was placed 
on the maternal abdomen and directed toward the fetal 
heart. Fetal left ventricular pressure, aortic pressure, 
ECG, Doppler cardiogram, mean arterial pressure, and 
heart rate were monitored continuously on a polygraph 
(Grass Instruments, Quincy, Mass.). Fetal arterial blood 
samples, 0.5 ml per sample to a total not exceeding 
5 ml, were obtained at intervals throughout the exper- 
iments and were immediately analyzed for blood gas 
tensions and pH with a blood gas analyzer (model 170, 
Corning Medical, Medfield, Mass.). Fetal blood gas ten- 
sions were temperature corrected to 39° C. 

Fetal hypoxemia was induced by embolizing the pla- 
centa with injections of 5 x 10° 50 wm _ polyethyl- 
ene microspheres (3M, St. Paul, Minn.),* repeated every 
15 minutes until fetal death occurred. 

The study was approved by the hospital animal care 
committee following the guidelines of the Canadian 
Council for Animal Care. 


Results 

In all eight fetuses electromechanical dissociation was 
demonstrated by the persistence of cardiac electrical 
activity after mechanical asystole. The maternal arterial 
blood gas tensions remained relatively constant 
throughout the experiments with a pH of 7.47 + 0.09 
(mean + 1 SD), Pco, 32.5 + 4.0 mm Hg, and Po, 


143.4 + 17.6 mm Hg. FHR before embolization of 


the placenta was 141 + 22 beats/min. There were no 
significant changes in the FHR before the onset of ter- 
minal bradycardia with the exception of one fetus that 
showed a sinusoidal pattern that lasted for 7 minutes. 
‘The mean number of microsphere boluses required to 
cause fetal death was six (range 5 to 8). Left ventricular 
systolic pressures were maintained at relatively stable 
levels of 54.0 + 8.7 mm Hg, until 15.5 + 10.4 minutes 
before the onset of electromechanical dissociation, 
when they started to decline simultaneously with the 
onset of a terminal bradycardia. Fetal arterial pH de- 
creased from an initial value of 7.33 + 0.07 at the start 
of the experiment to 7.01 + 0.06 at the onset of ter- 
minal bradycardia. Mechanical asystole occurred at a 
fetal pH of 6.90 + 0.11 and was demonstrated by the 
cessation of ventricular and aortic pressure waveforms, 
at which time the Doppler signal also ceased (Fig. 1). 
Fetal arterial Po, and PCO, at the onset of bradycardia 
were 11.6 and 62.4 mm Hg, respectively. At the time 
of onset of electromechanical dissociation, their values 
were 8.9 and 71.6 mm Hg, respectively. The duration 
of electromechanical dissociation was 15.2 + 8.7 min- 
utes (range 3.1 to 32.4), during which time regular 
supraventricular ECG complexes persisted with a mean 
rate at the onset of electromechanical dissociation of 
91.3 + 6.5 beats/min. This electrical activity was suf- 
ficient to trigger the HP 8040A FHR monitor to show 
an FHR pattern that gradually declined to a rate of 
between 40 and 50 beats/min (Fig. 2). In five cases the 
episode of electromechanical dissociation ended with 
electrical asystole and in three cases with ventricular 
fibrillation. The possibility that the mother was the 
source of the ECG signal was excluded by a comparison 
of the fetal and maternal heart rates. 
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Fig. 2. Heart rate tracing showing a terminal bradycardia, from same fetal sheep as in Fig. 1. Heart 
rates <60 beats/min, although detected by the HP 8040A monitor, are not displayed on trace. Arrow, 
Mechanical asystole (fetal death) and onset of electromechanical dissociation. Upper and lower 
segments of trace are continuous (paper speed 3 cm/min). 


Comment 


In this experimental model of fetal asphyxia, a brady- 
cardia culminating in electromechanical dissociation in- 
variably occurred as a terminal event. We have previ- 
ously shown that embolization of the fetal placenta in 
sheep results in a gradually deepening hypoxic 
acidemia’ that closely resembles the blood gas changes 
observed with acute uteroplacental insufficiency and 
have thus elected to use this model in the present study. 
Although human fetal hypoxic acidemia is often slowly 
progressive, it may be accelerated by labor or other 
acute insults, resulting in a rapid deterioration of fetal 
blood gases as created by our experimental model. In 
other studies fetal hypoxemia with or without acidemia 


was created by interventions such as the induction of 


maternal hypoxemia, occlusion of the uterine or um- 
bilical circulations, or by the direct infusion of acid into 
the fetal circulation. Clinically, maternal hypoxemia is 
very uncommon as a cause for fetal asphyxia. Fur- 
thermore, fetal asphyxia is a gradually progressive con- 
dition, whereas acidemia is paralleled by tissue acidosis. 
The intravascular administration of acid is not accom- 
panied by carbon dioxide accumulation, and the degree 


of tissue acidosis generated by this intervention, espe- 
cially myocardial tissue acidosis affecting contraculity, 
might not accurately reflect clinical asphyxia. 

The gradual decline in heart rate and the duration 
of the observed period of electromechanical dissocia- 
tion is in keeping with observations from other species. 
Experimental electromechanical dissociation in adult 
dogs followed ventricular fibrillation induced by elec- 
trical current and persisted for >20 minutes,” during 
which time the initial rhythms were sinus or junctional 
tachycardias with a ventricular rate >100 beats/min. 
As electromechanical dissociation continued, the heart 
rate slowed, and 18 of 29 dogs developed complete 
atrioventricular block. Attempts to restore effective me- 
chanical systole by various pharmacologic means were 
all unsuccessful. Similarly, during human adult elec- 
tromechanical dissociation? the ECG demonstrated a 
gradually declining heart rate and in none of 36 pa- 
tients was resuscitation successful. The pathophysiol- 
ogy of electromechanical dissociation is unknown, but 
the failure of myocardial contractility suggests a deple- 
tion of high-energy phosphate bonds.” 

The hypothesis that electromechanical dissociation 
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also occurs in human fetal death is supported by pub- 
lished examples of terminal FHR tracings. Cetrulo and 
Schifrin’ report four cases ending in fresh stillbirth 
where there was a profound and sustained terminal 
bradycardia recorded by a scalp electrode. Similarly, 
Kates and Schifrin,’ Cibils,° and Perkins’ report agonal 
FHR patterns culminating in bradycardia and fetal 
death. The duration of profound bradycardia before 
delivery of the dead fetuses in these published exam- 
ples is similar to the observed time course of brady- 
cardia in our fetal sheep. Fetal cardiac electrical asystole 
lasting for a few seconds was described by Kates and 
Schifrin? and carried with it a grave prognosis when it 
was associated with underlying fetal asphyxia. This is 
different from the long-lasting mechanical asystole with 
persistence of cardiac electrical activity observed in our 
study. On the basis of our experimental findings, we 
suggest that terminal bradycardias in human fetuses 
consist of two phases. During the initial phase before 
the occurrence of mechanical asystole, heart sounds are 
still audible in spite of falling ventricular pressures. In 
the second phase, electromechanical dissociation oc- 
curs, and the abdominal Doppler signal is lost while the 
ECG signal continues to trigger the FHR monitor. It is 
therefore not surprising that, in spite of the persistence 
of an ECG signal, the examples cited resulted in the 
delivery of dead infants who could not be resuscitated. 

The only noninvasive test that could unmask elec- 


tromechanical dissociation would be the observation of 


cardiac standstill on real-time ultrasonography. Ultra- 
sonography is also important in excluding the possi- 
bility of the recording of a maternal ECG relayed 
through a dead fetus.*° It is important, however, to 
differentiate between the absence of fetal cardiac ac- 
tivity as a terminal event complicating severe asphyxia, 
which is likely to result in poor outcome, from asystole 
complicating an acute insult such as abruptio placentae 
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or umbilical cord prolapse, which may have a more 
favorable outcome if emergency measures are taken in 
time. 

In conclusion, we have documented the cardiac elec- 
tromechanical events associated with terminal fetal 
bradycardia and have demonstrated electromechanical 
dissociation as a terminal event in the hypoxic fetal 
sheep. Furthermore, we suggest its occurrence may be 
an underlying factor in human intrapartum stillbirth. 


We thank Charlene Small, Animal Care Technician, 
and Joyce Telford, RN, for their skilled laboratory as- 
sistance. 
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Introductory remarks 
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Despite all the research accumulated over the years 
regarding endometriosis, the cause, pathophysiology, 
natural course, and other aspects of this disease remain 
enigmatic. In particular, of the variety of clinical prob- 
lems that affect patients who have endometriosis, the 
most perplexing problem for all gynecologists is the 
treatment of infertility associated with endometriosis. 
Although a close link between endometriosis and in- 
fertility has long been recognized, a direct cause-and- 
effect relationship between endometriosis and infertil- 
ity has not yet been proved. Thus far many plausible 
mechanisms for endometriosis-associated infertility 
have been postulated. However, no single mechanism 
can explain the cause for infertility in every case. This 
may reflect the complexity of the pathophysiology of 
endometriosis, the multifactorial mechanisms involved 
in endometriosis-associated infertility, or both. Indeed, 
the clinical link between endometriosis and infertility 
does not always exist. For instance, some women who 
have severe endometriosis may also have normal re- 
productive performance. In contrast, we know of many 
patients who cannot conceive despite long-standing 
treatment for infertility. Many gynecologists may be 
inclined to use medical or surgical methods to treat 
infertile women who have endometriosis, without being 
certain of the efficacy of these treatments when all rou- 
tine treatments for infertility have failed. However, it 
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has not yet been established whether the treatment of 
endometriosis per se benefits patients who have im- 
paired reproductive performance. The answer to this 
question must wait for the elucidation of the mecha- 
nisms involved in endometriosis-associated infertility. 

With this in mind, we held a conference on the 
“Pathophysiology of infertility associated with endo- 
metriosis” in Hakone, Japan, on September 6, 1991. At 
the conference we attempted to address this issue from 
various standpoints and placed special emphasis on the 
immunologic aspects of the pathogenesis of endome- 
triosis-associated infertility. To this end we called for a 
comprehensive and fundamental review of the involve- 
ment of immunology in reproduction. 

As a whole these proceedings not only emphasize the 
complexity of the problem, but they raise some new 
concepts for the understanding of endometriosis-as- 
sociated infertility. 

We are grateful to Professor Masahiko Mizuno, 
Chairman of the Department of Obstetrics and Gy- 
necology, University of Tokyo, for his advice and con- 
stant encouragement. We also thank all the contributors 
for their participation in the Second Hakone Confer- 
ence on Endometriosis, and we gratefully acknowledge 
the educational grants from Tokyo Tanabe Co., Ltd., 
which made the conference and the publication of these 
proceedings possible. 


The fetus as an allograft: Immunobiologic role of human 


trophoblasts for fetal survival 


Fumitaka Saji, MD, DMSci, Noboru Matsuzaki, MD, DMSci, Chihiro Azuma, MD, DMSci, 
Masayasu Koyama, MD, DMSci, Kazutomo Ohashi, MD, DMSci, and 


Osamu Tanizawa, MD, DMSci 
Osaka, Japan 


OBJECTIVE: The hypothesis of this study is that trophoblasts contribute to the survival of the mammalian 


fetal allograft. 


STUDY DESIGN: Immunologic and molecular biologic studies were performed with human trophoblasts or 
trophoblastic tumor cells to investigate the expression of class | human leukocyte antigens, the 
susceptibility to natural killer and lymphokine-activated cells, the ontogeny of Fc y-receptors, and the 


production of immunosuppressive factors. 


RESULTS: Heterogeneous expression of class | human leukocyte antigens on trophoblasts was regulated 
at transcriptional level. Trophoblasts showed low susceptibility to natural killer and lymphokine-activated 
cells. Trophoblasts expressed natural killer cell-type Fc y-receptor Ill, which mediates phagocytosis. The 
trophoblast-derived immunosuppressive factor was very similar to transforming growth factor—B. 
CONCLUSION: The trophoblasts, which ultimately form the fetoplacental interface, constitute a major 
immune barrier for the survival of the allogeneic conceptus. (AM J OssteT GYNECOL 1992;167:251-6.) 


Key words: Trophoblast, major histocompatibility complex, lymphokine-activated killer cell, 


Fc y-receptor, immunosuppressive factor 


Histocompatibility differences between a mother and 
her offspring in mammalian species create a paradox 
because the semiallogeneic fetus is not rejected by a 
competent maternal immune system during pregnancy. 
Several mechanisms that might be involved in the 
survival of the allogeneic conceptus have been sug- 
gested'’ (Table I). However, some of these hypotheses 
remain controversial and may represent only secondary 
or backup systems that contribute to the survival of the 
fetoplacental allograft. Among these mechanisms, re- 
cent studies on the immunology of pregnancy in hu- 


mans and rodents have focused on the possible role of 


the placental trophoblast as an important immune bar- 
rier at the fetomaternal interface. In this article we 
review some immunologic functions of the trophoblast 
itself and various trophoblast-derived factors on the 
basis of data obtained in our laboratory. These findings 
can provide information for the analysis of the patho- 
genesis of endometriosis from the immunologic view- 
point, because available evidence indicates that endo- 


metriosis begins with the extrauterine implantation of 


endometrial cells or endometrial fragments that are 
transported through fallopian tubes or vascular 
channels. 
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Heterogeneous expression of the human 
leukocyte antigen class | gene in 
human trophoblasts 


The chorionic villi are enveloped by two layers of 
trophoblasts: the inner cytotrophoblasts and the outer 
syncytiotrophoblasts. Some extravillous cytotropho- 
blast cells migrate into the decidua and the myome- 
trium. Thus a heterogeneous population of tropho- 
blasts comes into close contact with various types of 
maternal tissue, including maternal blood and uterine 
elements, during pregnancy. Therefore the failure of 
trophoblast cells to demonstrate human leukocyte an- 
tigen (HLA) molecules may be one of the mechanisms 
that protects the semiallogeneic embryo from immu- 
nologic rejection by the mother. 

Although HLA class I antigens are usually not de- 
tected on syncytiotrophoblasts or villous cytotropho- 
blasts, some extravillous cytotrophoblasts do express 
them.* However, the expression of these antigens by 
extravillous trophoblasts may be quantitatively differ- 
ent from the pattern of expression by other tissues. We 
used cultured trophoblastic tumor cells (SCH, JEG, 
BeWo, GCH1, NUC1, and HCCM5) as a model to in- 
vestigate why trophoblasts do not demonstrate HLA 
antigens. 

Various choriocarcinoma cell lines and two controls 
(RPMI 1788 and K562) were analyzed by cellular bind- 
ing radioimmunoassay with use of monoclonal anti- 
bodies specific to HLA heavy chains and B,-microglob- 
ulin. As shown in Table II, choriocarcinoma cells vary 
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Table I. Escape mechanisms of 
fetus/trophoblast from maternal immunity 





l. Suppression of immune response by maternal lym- 
phocytes 

2. Poor immunogenicity of the trophoblast 

3. Production of antiidiotypic antibodies 

4. Production of blocking antibodies 

5. Adsorption of antibodies by Fc receptors in the pla- 
centa 

6. Blockade of afferent lymphatics by the decidua 

7. Local immunoregulation caused by the products pro- 
duced by the trophoblast and decidua 

8. Reduced susceptibility of the trophoblast to immune 
lysis 

9. Physiologic barrier of placenta to the passage of ma- 
ternal and fetal cells. 


Table II. Expression of HLA class I and B, 
microglobulin in choricarcinoma cells at 


translational and transcriptional levels 









HLA class I heavy 


chain B» microglobulin 






Messenger 


Surface RNA 


Messen ger 


Surface RNA 










Cell line 





SCH ++ +++ +++ 
JEG + + +++ +++ 
BeWo — + +++ +++ 
GCH1 a — +++ +> + 
NUCI +/= +i = tE a a 
HCCM5 + {= + + + + + + + 
RPMI 1788 +++ +++ +++ +++ 
K562 = as fe a ae a 


widely in HLA class I surface antigens density.” SCH 
expresses approximately half the amount of HLA class 
I antigens compared with the B-lymphoblastoid cell line 
RPMI 1788. The expression of HLA class I antigens 
was weak on JEG, NUCI1, and HCCM5, and no de- 
tectable levels of the antigens were observed on BeWo 
or GCH1 cells or on K562 cells that were used as the 
negative control. On the other hand, all the choriocar- 
cinoma cells expressed a large amount of PB.-micro- 
globulin on the cell surface. We analyzed the hetero- 
geneity of HLA class I antigens expression in chorio- 
carcinoma cell lines at the transcriptional level by 
Northern blot hybridization with use of phosphorus 
32-labeled complementary deoxyribonucleic acid 
(DNA) probes specific for the HLA class I heavy chain 
and f,.-microglobulin. The levels of messenger ribo- 
nucleic acid (RNA) for the HLA class I heavy chain 
correlated well with the amounts of surface HLA class 
I antigens in all cell lines except BeWo. We detected a 
definite hybridizing band on the BeWo lane in spite of 
the absence of surface HLA class I antigens expression. 
Moreover, a band of truncated messenger RNA was 
observed in the BeWo lane which suggests an abnor- 


July 1992 
Am J Obstet Gynecol 


mality of class I heavy chain messenger RNA in BeWo. 
A recent study revealed that HLA-G antigen was ex- 
pressed in first-trimester villous trophoblasts and that 
it was greatly reduced in third-trimester cytotropho- 
blasts. Among choriocarcinoma cell lines HLA-G an- 
tigen was expressed in JEG3 and BeWo but not in 
Jar.” ° These findings indicate that the unique HLA 
class I antigens might be expressed in trophoblasts and 
choriocarcinomas. 

The transcription of eukaryotic genes is usually reg- 
ulated by the combination of cis-acting control elements 
and trans-acting cellular factors. Binding of nuclear 
proteins to regulatory elements can promote, enhance, 
or repress gene transcription. To study the differences 
in the control of major histocompatibility complex class 
I antigens expression among choriocarcinoma cell lines, 
we identified the human class I regulator elements lo- 
cated on the promoter region by their binding to nu- 
clear proteins of the trophoblastic tumor cell lines." By 
comparison of the murine and human major histocom- 
patibility complex class | promoter region, we detected 
a human class I regulator element of 30 base pairs that 
was located 185 base pairs upstream of the HLA class 
I gene. This region contains core sequences that are 
identical to the murine class I regulator element de- 
scribed by Ozato et al. A gel mobility shift assay was 
then performed to investigate the effect of nuclear fac- 
tors binding to this regulator element. With use of nu- 
clear extracts from SCH, JEG, HCCM5, and NUCI 
cells that have HLA class I messenger RNA, we dem- 
onstrated that the human class I regulator element 
forms complexes on the polyacrylamide gel during 
electrophoresis. In the case of GCH1 or K562 cells no 
prominent DNA-protein complex was detected with use 
of this element. These results suggest that class I reg- 
ulator element—nuclear protein interactions may be re- 
quired for the transcription of HLA class I antigens on 
villous trophoblasts could be caused by the absence of 
this nuclear protein. 


Impaired susceptibility of trophoblasts against 

major histocompatibility complex nonrestricted 

killer cells 

The unique expression of major histocompatibility 
antigens on human trophoblast cells should allow the 
fetoplacental unit to escape recognition by the maternal 
immune system. Furthermore, the susceptibility of tro- 
phoblasts to class I—specific cytotoxic T lymphocytes is 
unique. Semiallogeneic and fully allogeneic trophoblast 
cells are resistant to allospecific T cell-mediated lysis."* 
The possibility exists that the placenta protects the fetus 
from maternal immune rejection through the resis- 
tance of trophoblast cells to major histocompatibility 
complex nonrestricted killer cells such as natural killer 
cells and lymphokine-activated killer cells. We have de- 
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Table III. Sensitivity of various human tumor cell lines to lymphokine-activated killer cells 






Cell line 





GCH1 Choriocarcinoma 
GCH2 Choriocarcinoma 
BeWo Choriocarcinoma 
HCCM5 Choriocarcinoma 
SCH Choriocarcinoma 
K562 Non-B non-T cell 
Daudi B cell 

RPMI 1788 B cell 

SKW-3 T cell 

Scattola Neuroblastoma cell 
Calu Lung cancer 

Luci Lung cancer 

Panc | Pancreatic cancer 
Lovo Colon cancer 
HeLa Cervical cancer 
Ishikawa Endometrial cancer 
Ono Endometrial cancer 
Caki-1 Renal cancer 
OS-RC-2 Renal cancer 
ACHN Renal cancer 

A498 Renal cancer 


Sensitivity to lymphokine-activated killer cells* 





++ 
+ 
+++++ 
+++4++ 
++++ 
+++ 
+++ 
+++ 
+++ 
++++ 
++++ 
++4+4++ 
+++ 
++4+++ 
++++ 
+++4++4+ 
++++ 
+++ 


aaastal 


(+) 0 to 20%; (+ +) 21% to 40%; (+ + +) 41% to 60%; (+ ++ +) 61% to 80%; (++ +++) 81% to 100% specific lysis. 
*A 4-hour chromium-releasing assay was performed at an E/T ratio of 20. 


scribed an in vitro experiment indicating that the sus- 
ceptibility of cultured trophoblastic tumor cell lines to 
natural killer and lymphokine-activated killer cells is 
impaired." 

A standard 4-hour chromium 51 -releasing assay was 
used to measure the killing activity of natural killer or 
lymphokine-activated killer cells against target cells. 
Lymphokine-activated killer cells were generated by in 
vitro incubation of peripheral blood lymphocytes in a 
complete medium that contained recombinant inter- 
leukin-2. We then determined the antitumor effect of 
lymphokine-activated killer cells against several gyne- 
cologic tumor cell lines. The cell lines used were HeLa 
(cervical adenocarcinoma), Ishikawa and Ono (endo- 
metrial adenocarcinoma), and GCH1, GCH2, BeWo, 
and HCCM5 (choriocarcinoma). The three cell lines 
derived from uterine cancer, HeLa, Ishikawa, and Ono, 
were killed by either natural killer cells or lymphokine- 
activated killer cells. On the other hand, lymphokine- 
activated killer activity against gestational choriocarci- 
noma cell lines was definitely low. Moreover, natural 
killer activity against the choriocarcinoma cell lines was 
not detected at all. These results suggest that the sen- 
sitivity of choriocarcinoma to natural killer and lym- 
phokine-activated killer cells is much lower than that 
of other gynecologic tumors. This was confirmed by a 
more extended experiment that used a wide panel of 
culture tumor cell lines as a target of lymphokine-ac- 
tivated killer activity (Table III). Among the 21 cell lines 
tested, the five choriocarcinoma cell lines, GCH1, 
GCH2, BeWo, HCCM5, and SCH, showed low levels 
of cytotoxic effect, and specific lysis did not exceed 20% 


except for HCCM5. On the other hand, the remaining 
16 tumor cell lines, which included uterine, renal, co- 
lon, lung, and leukemia cells, showed substantial levels 
of lysis that exceeded 40%. It was concluded that cho- 
riocarcinoma cell lines are less sensitive to lymphokine- 
activated killer cells than the other cell lines tested in 
this experiment. 

The impaired sensitivity of trophoblastic tumor cell 
lines to lymphokine-activated killer cells was confirmed 
by a cold inhibition experiment against lymphokine- 
activated killer activity. Various numbers of cells were 
added to a given number of chromium 51 —labeled lym- 
phokine-activated killer—sensitive Daudi cells and the 
lymphokine-activated killer activity was determined. 
Daudi and K562 cells competitively inhibited lym- 
phokine-activated killer activity. However, the GCH] 
choriocarcinoma cell line was less inhibitory. No sig- 
nificant inhibition was observed with the same number 
of inhibition cells as target cells, and only slight inhi- 
bition was seen with a fourfold excess of inhibitory cells. 

We examined the effect of the trinitrophenol mod- 
ification of target cells on the extent of lymphokine- 
activated killer cell-mediated lysis. A choriocarcinoma 
cell line, GCH1, was modified with trinitrophenyl and 
used as the target of recombinant interleukin-2—acti- 
vated effector cells. As control experiments, trinitro- 
phenol modified or unmodified autologous phytohe- 
magglutinin blasts were simultaneously examined for 
their sensitivity to lymphokine-activated killer cells. As 
expected, autologous phytohemagglutinin blasts could 
be lysed substantially by lymphokine-activated killer 
cells, and this specific lysis was significantly enhanced 
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Table IV. Messenger RNA expression and localization of three classes of Fc y receptors in 
human placenta 










Fe Y 
receptor 





Fc y RI 

Fc y RIIa _ + 
Fc y RIIb — — 
Fc y RIII _ + 


Messenger RNA expression 


Localization 


Hofbauer cell 


++ ++ 

Endothelial cell 
++ ++ 
++ ++ Trophoblast cell 





by trinitrophenol modification-of the target phytohe- 
magglutinin blasts. On the other hand, trinitrophenol 
modification did not affect specific lysis of the chorio- 
carcinoma cell line. Little lysis by lymphokine-activated 
killer cells was observed for either trinitrophenol-mod- 
ified GCH 1 cells or unmodified GCH 1 cells. These re- 
sults indicate that stearic hindrance of the lymphokine- 
activated killer target molecules expressed on tropho- 
blast cells is unlikely. The impaired suscepubility of 
trophoblast cells to major histocompatibility complex 
nonrestricted killing, as demonstrated by these studies, 
should contribute to the survival of the semiallogeneic 
fetus. 


Ontogeny and localization of Fc y-receptors on 
the fetomaternal interface 


Fc y-receptors on the fetomaternal interface may act 
as multifunctional molecules, which may serve not only 
to transmit immunoglobulin G (IgG) but also to adsorb 
cytotoxic antibodies or to clear immune complexes.’ 
Increasing evidence has recently indicated a previously 
unrecognized molecular and functional heterogeneity 
of the Fc y-receptor. Three distinct classes of this re- 
ceptor (Fc y RI, Fc y RII, and Fc y RIII) have been 
defined on human myeloid cells by their reactivity with 
specific monoclonal antibodies.'® '° Fe y RI (CD64) is a 
70-kd glycoprotein found on monocytes and macro- 
phages that binds human monometric IgG with a high 
affinity. Fe y RII (CDw32) is a 40-kd glycoprotein re- 
ceptor and is expressed on neutrophils, eosinophils, 
platelets, B cells, and monocytes. Fc y-receptor RIII 
(CD16) has a different molecular structure and its own 
distinctive pattern of cellular distribution. It appears 
on macrophages, eosinophils, neutrophils, natural 
killer cells, killer cells, and some T cells. Fc y RII and 
RIII are low affinity receptors for IgG and the dem- 
onstration of these Fc y-receptors requires the presen- 
tation of ligands as a complex, either as a soluble IgG 
complex or as IgG-coated particles. Complementary 
DNA clones of these three classes of Fc y-receptors have 
been isolated by several investigators since 1988 and 
are now available for the study of these receptors at 
the transcriptional level. 

We used human placenta from different gestational 


weeks to demonstrate the expression of Fc y-receptors 
at the fetomaternal interface. Four previously described 
complementary DNA clones, p135 (Fe y RI), FeR2003 
(Fc y RIla), FcR201 (Fc y RIIb), and pCD16 (Fc y 
RIII), were probed to demonstrate differential mes- 
senger RNA expression of Fc y-receptors in human 
placental tissue at 5, 9, 23, and 38 gestational weeks 
(Table IV). The p135 probe hybridized the 1.7 kb més- 
senger RNA of Fc y RI in placenta from gestational 
weeks 9, 23, and 38; the pCD16 probe hybridized the 
2.0 kb messenger RNA of Fc y RIII in placenta from 
the same weeks as those used in the hybridization with 
p135. The transcriptional level of both receptors in the 
placenta was consistent through the first, second, and 
third trimesters of pregnancy. In contrast to Fc y RI 
and RIII, two different transcripts, 2.4 kb and 1.6 kb 
of Fc y RIla, were detected in placenta from gestational 
weeks 9, 23, and 38. On the other hand, a 1.6 kb Fc y 
RIIb transcript was recognized at gestational weeks 23 
and 38 but not at gestational weeks 5 and 9 with the 
FcR201 probe, which indicates that the placenta ex- 
presses abundant Fc y RII, especially Fc y RIIb, in the 
placenta from the second and third trimester." 

We further investigated immunohistochemically the 
localization of the three Fc y-receptors in placental tis- 
sue with specific monoclonal antibodies raised against 
them (Table IV). Monoclonal antibody 32.2 against Fc 
y RI stained placental macrophages that have large 
nuclei and are known as Hofbauer cells, whereas pos- 
itive staining of monoclonal antibody 2E1 for Fc y RII 
was observed on the endothelial cells of small vessels 
on the fetal side. When we used monoclonal antibody 
Leullb for Fc y RIII, the outer layer containing syn- 
cyuotrophoblasts and cytotrophoblasts was stained. 
These results indicate that the Fc y-receptors examined 
were localized at different sites within the placenta." 

Sequence analysis of the complementary DNA clones 
encoding placental messenger RNA from the Fc y RIII 
receptor revealed that this fragment is a membrane- 
spanning molecule that has a 21 amino acid insertion 
and is located at the c terminus of Fc y RIII on poly- 
morphonuclear cells, resembling that on the natural 
killer cells.! Natural killer cell-type Fc y RIII on pla- 
cental trophoblasts might mediate phagocytosis. We 
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propose that these Fc y-receptors located at different 
sites of the fetomaternal interface may act as multi- 
functional molecules that participate in the transmis- 
sion of IgG and the clearance of immune complexes. 


Trophoblast-derived immunosuppressive factor 


A number of laboratories have demonstrated that 
trophoblast cells isolated from the placenta inhibit lym- 
phocyte functions in vitro. This has led to the hypoth- 
esis that local immunoinhibition by a factor secreted by 
the trophoblast and operating only at the fetomaternal 
interface prevents maternal antifetal responses. 

We have found a lymphocytostatic soluble factor se- 
creted from cultured human trophoblasts.*” Tropho- 
blast cells prepared by collagenase digestion followed 
by differential centrifugation were cultured for a short 
time, and the culture supernatant was examined for its 
effect on in vitro lymphocyte functions. The super- 
natant suppressed the reaction of peripheral blood lym- 
phocytes to mitogens and alloantigens. In addition, the 
supernatant reduced natural killer cell activity against 
K562 target cells. Moreover, the generation of cytotoxic 
T lymphocytes was markedly depressed. 

Because we could not obtain large amounts of the 
immunosuppressive factor from human placenta, 
which is very unstable, we could not further explore 
the mechanisms of its immunosuppressive effect. How- 
ever, while investigating the culture supernatants of 
choriocarcinoma cell lines, we found that these tro- 
phoblastic tumor cells produced the same suppressive 
factor produced by normal trophoblast cells.*' The site 
of action of this factor in the T-cell signal transduction 
pathway was investigated with use of phorbol ester and 
a calcium ionophore (A23187), reagents that strongly 
stimulate the interleukin-2—mediated T-cell response, 
and we could demonstrate that this factor completely 
suppresses the human T-cell response activated by 
phorbol ester and A23187.*!* It failed to inhibit CD25 
expression and interleukin-2 production by T-cell 
blasts in the T-cell activation phase, but it completely 
blocked the recombinant interleukin-2—induced pro- 
liferation of T-cell blasts in the T-cell blast proliferation 
phase. This factor acted on the cytoplasmic signal trans- 
duction pathways without interfering with the inter- 
leukin-2 molecules themselves or their interaction with 
interleukin-2 receptor. These findings suggest that the 
choriocarcinoma-derived factor only suppresses the 
proliferative function of immunocompetent cells and 
does not inhibit either activation or differentiation 
events. 

At present, the choriocarcinoma-derived immuno- 
suppressive factor has been neither purified nor iden- 
tified as a single molecule. However, the comparison of 
this factor with several immunosuppressive agents in- 
dicates that it might be associated with the transforming 
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Table V. Association of the 
choriocarcinoma-derived factor with 


immunosuppressive agents 






Association with 
choriocarcinoma-derived 
factor 









Immunosuppressive agent 


a-Fetoprotein No 
Carcinomembryonic antigen No 
Human chorionic gonadotropin Unlikely 
Progesterone Unlikely 
Interferon-B Unlikely 
Ganglioside No 


Transforming growth factor—B Probable 


growth factor—B (Table V). Transforming growth fac- 
tor-f is a product of neoplastic and hematopoietic cells 
that is a functional regulator of the immune response. 
Transforming growth factor—B blocks the ability of in- 
terleukin-1 to stimulate lymphocyte proliferation. Be- 
sides, transforming growth factor—B, and its homo- 
logue, transforming growth factor—ß», suppress inter- 
leukin-1-dependent murine thymocyte proliferation. 
Transforming growth factor—f also inhibits human pe- 
ripheral blood T-lymphocyte mitogenesis. Inhibition of 
cell division appears to occur after activation of the 
lymphocytes, because neither the gene expression nor 
the translation of the interleukin-2 receptor is sup- 
pressed.“ Furthermore, transforming growth factor— 
B does not block the synthesis of interleukin-2. These 
findings are very similar to the data we obtained on the 
mode of action of the choriocarcinoma-derived factor. 
We also found a significant level of latent transforming 
growth factor—f activity in defined trophoblast culture 
medium, as assayed by the inhibition of DNA synthesis 


in mink lung epithelial cells.” 


Comment 


Within the placenta the fetal boundary consists en- 
tirely of trophoblastic material that is either exposed 
directly to maternal blood or in intimate apposition to 
endometrial cells. A central issue regarding the survival 
of the fetal allograft during pregnancy is therefore 
whether the trophoblast expresses those antigens coded 
for by the paternally inherited genes of the fetus. The 
unique regulation of HLA class I antigen expression 
by the interaction of the regulatory element with the 
nuclear proteins could be the important key to solve 
this question. The second role of the trophoblast for 
fetal survival against maternal immune attack is the low 
susceptibility of the trophoblast to either major histo- 
compatibility complex restricted or nonrestricted im- 
mune cytolysis. In addition to their resistance to cell- 
mediated cytolysis, the trophoblast can adsorb cytotoxic 
antibodies or immune complexes by various subtypes 
of Fc y-receptors expressed at different sites in the 
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placenta. Furthermore, soluble immunosuppressive 


molecules derived from the trophoblast could modulate 
immune reactivity in the periplacental environment. 
Thus the immunoregulatory mechanisms mentioned 
above appear to operate in harmony to regulate the 
maternal immune system and support fetal survival and 
growth during pregnancy. 

Similar to the fetoplacental allograft, endometriosis 
is considered to be associated with altered immune 
function. Changes in both cell-mediated and humoral 
immunity in women who have endometriosis have been 


> ov ry 


observed by several investigators.” *’ The presence of 
antibodies against endometrial tissue antigens in serum 
and peritoneal fluid from women with endometriosis 
could be caused by enhanced local immune reactivity.” 
Furthermore, the levels of antiendometrial antibodies 
in endometriosis were lowered by treatment with dan- 
azol or gonadotropin-releasing hormone agonists.*” * 
These observations may lead to a reconsideration of 
the diagnostic and therapeutic approaches in endo- 
metriosis. 
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Suppression of natural killer cell activity by sera from patients 


with endometriosis 


Hideharu Kanzaki, MD, Huei-Sheng Wang, MD, Masatoshi Kariya, MD, and 


Takahide Mori, MD 
Kyoto, Japan 


OBJECTIVE: We determined the effect of sera from patients who have endometriosis on natural killer cell 


activity. 


STUDY DESIGN: The natural killer cell activity of lymphocytes from healthy volunteers was examined after 
incubation with sera from patients who had endometriosis or from controls, with K562 cells used as 


targets. 


RESULTS: Lymphocytes treated with sera from patients who had endometriosis expressed significantly 
lower levels of cytotoxicity compared with lymphocytes treated with control sera. This suppression of 
cytotoxicity was dose dependent, and the degree of suppression was proportional to the incubation time of 
the effector cells with the sera. Decreased cytotoxicity after serum treatment was also observed with sera 


from patients who had been treated with danazol. 


CONCLUSIONS: These findings show that humoral factors that can inhibit natural killer cell activity in vitro 
are present in the peripheral blood of patients who have endometriosis; moreover, they suggest that the 
suppressed natural killer cell activity may allow the development of endometrial cells at ectopic sites. (Am J 


Osstet GYNECOL 1992;167:257-61.) 


Key words: Endometriosis, natural killer cell activity, suppression, serum factors 


Endometriosis is a well-tolerated autotransplantable 
disease that primarily affects women who are in their 
reproductive years. Retrograde spillage of menstrual 
blood into the peritoneal cavity occurs in most women 
who have patent fallopian tubes and is considered the 
leading cause of endometriosis." * However, it is not 
known why endometriosis occurs in only a small per- 
centage of susceptible women. Therefore it is possible 
that mechanisms that prevent the ectopic development 
of endometrial cells operate in resistant women. 

Natural killer cells belong to a subpopulation of lym- 
phocytes that represent the first line of defense against 
the initiation and spread of tumors in vivo.” Defective 
natural killer cell activity has been shown to predispose 
subjects to an enhanced growth of transplanted tu- 
mors.*° Diminished natural killer cell activity has also 
been found in tumor-bearing animals® and in humans 
who have malignant disease, especially in those who 
have widely disseminated tumors.’ Therefore it is of 
great interest to know whether endometriosis is asso- 
ciated with certain aspects of natural killer cell activity 
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believed to be important in the restriction of tumor 
growth in vivo. In this study we investigated the effect 
of sera obtained from fertile control subjects and from 
patients who had endometriosis on natural killer cell 
activity in vitro by a cytotoxicity assay. Natural killer— 
sensitive K562 cells were used as the target. 


Material and methods 


Serum samples. Serum samples were obtained from 
10 healthy men and 10 fertile women who did not have 
endometriosis (control groups) and from 34 patients 
who had endometriosis (experimental group). Of the 
experimental group 9 patients were untreated, 12 were 
undergoing therapy with danazol (Bonzol, ‘Tokyo 
Tanabe Co., Ltd., Tokyo, Japan), and 13 had completed 
treatment (9 patients received danazol therapy and 4 
patients received danazol therapy followed by surgery). 
Blood samples in the group that had been treated were 
taken at least 2 months after the completion of treat- 
ment. The mean age of patients who had endometriosis 
before, during, and after danazol therapy was 30 years, 
33 years, and 33 years, respectively. The mean age of 
the male and female control subjects was 31 years and 
28 years, respectively. Serum samples were heat inac- 
tivated at 56° C for 30 minutes and stored at — 20° C 
until use. Endometriosis was diagnosed by laparoscopic 
or laparotomic examination. None of the women in- 
cluded in this study had a malignant disease or had 
received any other hormone therapy, except for dan- 
azol, for at least 2 months before the serum collections. 


257 


258 Kanzaki et al. 


P< 0. 001 


July 1992 
Am J] Obstet Gynecol 


E o NT | 
Sey 
P < 0.001 


a i 


% Cytotoxicity 


N=10 N=10 N=9 
Female Male 


Danazol 


Normal Control 





N=12 N=13 
None During Treatment After Treatment 


Treatment 
Endometriosis 


Fig. 1. Effects of peripheral blood sera on natural killer cell activity in vitro. Percent cytotoxicity 
after incubation with sera from 34 patients (9 before therapy, 12 during therapy with danazol, and 
13 after therapy with danazol, surgery, or both) was significantly lower than after incubation with 
sera from male and female control subjects (n = 10 each). 


Effector cells. Lymphocytes from two healthy men 
and two healthy women volunteers were separated by 
centrifugation on Ficoll-Hypaque gradients. The lym- 
phocytes were suspended in RPMI-1640 medium 
(Gibco Laboratories, Grand Island, N.Y.) supple- 
mented with 100 IU/ml of penicillin G and 100 pg/ml 
of streptomycin sulfate. The 600 wl aliquots of lym- 
phocyte suspensions that contained 1.5 x 10° cells each 
were placed in round-bottomed tubes (12 x 75 mm, 
Falcon 2063, Becton Dickinson Labware, Lincoln Park, 
N.J.) and incubated with serum samples (40% vol/vol; 
total volume: | ml) previously sterilized through mil- 
lipore (0.45 um pore Millex HA filter unit; Millipore 
Co., Tokyo, Japan). After incubation at 37° C in a hu- 
midified atmosphere of 5% CO, and 95% in air for 18 
hours the lymphocytes were washed three times and 
resuspended in RPMI-1640 medium supplemented 


with 100 IU/ml of penicillin G, 100 pg/ml of strep- 
tomycin sulfate, and 10% heat-inactivated fetal calf se- 
rum (Gibco) (complete medium). These serum-treated 
lymphocytes were usually more than 95% viable as as- 
sessed by the trypan blue dye exclusion test and were 
used as the effector cells. 

Target cells. Human K562 myeloid leukemia cells 
were used as the target cells. They were labeled with 
100 pCi Na,'CrO, (specific activity: 100 to 350 wCi/pg 
chromium; Radiochemical Center, Amersham, Buck- 
inghamshire, England) and incubated at 37° C for 2 
hours. The K562 cells were then washed three times, 
suspended in complete medium, and further incubated 
at 37° C for 1 hour. Finally, the cells were washed again 
and resuspended in complete medium to a concentra- 
tion of 5 X 10* cells/ml. 

Chromium 51l-release cytotoxicity assay (natural 
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killer assay). The 100 ul of chromium 51 —labeled cell 
suspension (5 X 10° cells) and 100 pl of effector cell 
suspension were mixed together in 96-well round-bot- 
tomed microtiter plates (Corning Glass Works, Corn- 
ing, N.Y.) in triplicate to yield various effector to target 
cell ratios (40:1, 20:1, and 10:1). The plates were in- 
cubated at 37° C in a humidified atmosphere of 5% 
CO, and 95% in air for 4 hours. The supernatants were 
then harvested, and the radioactivity was measured in 
an autogamma scintillation counter (model ARC-301B, 
Aloka, Tokyo, Japan). The mean percent cytotoxicity 
for each assay and the mean percent suppression in 
comparison with controls were calculated by the fol- 
lowing formulas: 


Percent cytotoxicity = 
[(test cpm — spontaneous cpm)/(maximum cpm — 
spontaneous cpm)] xX 100 
Percent suppression = [(% cytotoxicity 
in controls — % cytotoxicity in patient 
sera-treated cells)/% cytotoxicity in controls] x 100 


The spontaneous release was measured in wells that 
contained only labeled K562 cells. The maximum re- 


lease was measured in wells that contained 100 pl of 


labeled K562 cells suspension and 100 pl of 3% Triton- 
X100 (Sigma Diagnostics, St. Louis, Mo.). The spon- 
taneous chromium 51 release was 3% to 12% of the 
total isotope count, and the maximum release varied 
from 80% to 90%. 

Statistical analysis. The results were expressed as 
mean values + SD, and the statistical significance was 
examined by the unpaired Student ¢ test. 


Results 


The control lymphocytes from two men and two 
women who were treated for 18 hours with sera from 
patients who had endometriosis showed significantly 
decreased natural killer cell activity at all effector to 
target cell ratios. Fig. 1 shows a representative result of 
the cytotoxicity assay performed at a 40 to 1 effector 
to target ratio with lymphocytes from a healthy male 
donor. Peripheral sera from the 34 patients who had 
endometriosis showed significantly higher inhibition of 
natural killer cell activity than those from the women 
and men in the control groups. No difference was 
found in natural killer suppressive activity of sera 
among those obtained before (n = 9), during (n = 12), 
and after (n = 13) treatment with danazol (400 
mg/day for 4 months). No correlation was found be- 
tween the level of suppression and the severity of en- 
dometriosis (data not shown); moreover, the inhibition 
of natural killer cell activity depended on the concen- 
tration of serum in the reaction mixture (Fig. 2). 

Experiments on the kinetics of the serum treatment 
revealed that the cytotoxicity of lymphocytes treated 
with serum from patients who had endometriosis was 
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Fig. 2. Percent suppression of natural killer cell activity after 
an 18-hour incubation period with serum at various concen- 
trations from a patient who had endometriosis. 


significantly lower than that of lymphocytes treated 
with normal serum at every time point tested, except 
at 2 hours (Fig. 3). The percent inhibition increased 
when the serum treatment was prolonged from 2 hours 
to 27 hours. However, more than 27 hours were nec- 
essary to significantly decrease natural killer cell activity 
when control sera were used. 


Comment 


Several studies have suggested that endometriosis is 
accompanied by impaired immunity. In rhesus mon- 
keys with spontaneous endometriosis cellular immune 
responses were reportedly depressed;* in humans, T- 
lymphocyte—mediated cytotoxicity to autologous en- 
dometrial cells was significantly reduced,’ and lympho- 
cytes stimulated by autologous endometrial antigens 
were also at a lower level in Women who had endo- 
metriosis.” 

Natural killer cells are considered the first line mech- 
anisms of innate defense by which the host can prevent 
foreign cells from entering the body, surviving, or im- 
planting themselves within the body. Natural killer cells 
can also control the development of neoplastic tumor 
cells. At present the role of natural killer cells in the 
occurrence or development of endometriosis is not 
fully understood, but it is reasonable to speculate that 
decreased natural killer activity may be associated with 
the onset or progression of this disease. 

Oosterlynck et al. recently reported that peripheral 
lymphocytes from women who had endometriosis had 
decreased natural killer activity against K562 cells and 
decreased cytotoxicity against both autologous and het- 
erologous endometrial cells.” Our study demonstrated 
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Fig. 3. Effect of the duration of serum treatment on natural killer cell activity. *p < 0.01 versus 2 


hours. **p < 0.01 versus each control. 


that serum obtained from patients who have endo- 
metriosis can inhibit natural killer cell activity in vitro. 
The spontaneous cytolytic activity of serum-treated 
lymphocytes against K562 cells was almost twofold 
greater with the use of sera from male or female control 
subjects than with the use of sera from patients who 
had endometriosis. 

The decrease of natural killer cell activity induced 
by serum from patients who had endometriosis was not 
caused by the cytotoxicity of the sera, because the vi- 
ability of the effector cells at the end of the serum 
treatment was usually more than 95%. Our previous 
studies demonstrated that the nondecidualized 
human endometrium releases some soluble factors 
that are capable of blocking lymphocyte proliferation 
in vitro'' '*; therefore it might be possible that the in- 
hibition of natural killer cell activity was also mediated 
by soluble suppressive factors produced or released 
from the endometrial tissues. 

In this study no difference was found in the percent 
suppression induced by sera obtained from patents 
before, during, and after treatment with danazol. In 
addition, no correlation was observed between the se- 
verity of the disease and the level of suppression. 


Therefore the serum factors that suppress natural 
killer cell activity probably do not derive directly from 
the ectopic endometrial cells themselves. To clarify the 
role of natural killer cells in the pathogenesis and prog- 
nosis of endometriosis it is necessary to know whether 
the serum natural killer cell suppression factors are 
present before the onset of the disease or are induced 
secondarily after the establishment of endometriosis. 


REFERENCES 


l. Bartosik D, Jacobs SL, Kelly LJ. Endometrial tissue in 
peritoneal fluid. Fertil Steril 1986;46:796-800. 

2. Liu DHY, Hitchcock A. Endometriosis: its association with 
retrograde menstruation, dysmenorrhea and tubal pa- 
thology. Br J Obstet Gynaecol 1986;93:859-62. 

3. Roder J, Haliotis T. Do NK cells play a role in antitumor 
surveillance? Immunol Today 1980;5:96-100. 

4. Talmadge JE, Meyers KM, Prieur DJ, Starkey JL. Role of 

NK cells in tumor growth and metastasis in beige mice. 

Nature 1980;284:622-4. 

Karre K, Klein GO, Kiessling R, Klein G, Roder JC. Low 

natural in vivo resistance to syngeneic leukaemias in nat- 

ural killer-deficient mice. Nature 1980;284:624-6. 

6. Herberman RB, Nunn ME, Lavrin DH. Natural cytotoxic 
reactivity of mouse lymphoid cells against syngeneic and 
allogeneic tumors. I. Distribution of reactivity and spec- 
ificity. Int J Cancer 1975;16:216-29. 

. Pross HF, Baines MG. Spontaneous human lymphocyte— 


cr 


~J 


Volume 167 
Number | 


mediated cytotoxicity against tumor target cells. I. The 
effect of malignant disease. Int J Cancer 1976;18:593- 
604. 

8. Dmowski WP, Steele RW, Baker GF. Deficient cellular im- 
munity in endometriosis. AM J OBSTET GYNECOL 
1981;141:377-83. 

9. Steele RW, Dmowski WP, Marmer D]. Immunologic as- 
pects of human endometriosis. Am ] Reprod Immunol 
1984;6:33-6. 

10. Oosterlynck DJ, Vandeputte MV, Cornillie FJ, Koninckx 
PR, Waer M. Women with endometriosis show a defect in 


Endometriosis and natural killer suppressive factor(s) 


natural killer activity resulting in a decreased cytotoxicity 
to autologous endometrium. Fertil Steril 1991;56:45-51. 

11. Wang HS, Kanzaki H, Yoshida M, Sato S, Tokushige M, 
Mori T. Suppression of lymphocyte reactivity in vitro by 
supernatants of explants of human endometrium. AM J 
OBSTET GYNECOL 1987;157:956-63. 

12. Wang HS, Kanzaki H, Tokushige M, Sato S, Yoshida M, 
Mori T. Effect of ovarian steroids on the secretion of 
immunosuppressive factor(s) from human endometrium. 
AM J OBSTET GYNECOL 1988;158:629-37. 





Significance of peritoneal macrophages on fertility in mice 


Naohiko Umesaki, MD, PhD, Satoshi Uda, MD, Masami Kawabata, MD, PhD, and 


Sachio Ogita, MD, PhD 
Osaka, Japan 


OBJECTIVE: To elucidate the role of peritoneal macrophages in infertility, we investigated how the 
presence of peritoneal macrophages would affect fecundity in mice. Moreover, we also studied the effects 


of interleukin-1 on embryonic development. 


STUDY DESIGN: Mice were administered OK-432 intraperitoneally to induce macrophage infiltration of the 
peritoneal cavity; ovulation was then induced and animals were mated. On day 13 of gestation, fetuses 
were counted. After injection of OK-432 or interleukin-1, the mice were mated. Three days later, embryos 
were collected and the stage of embryo development was determined. 

RESULTS: In mice given OK-432 (n = 33), four (12%) became pregnant and the mean litter number was 
6.0 + 3.6, whereas in the control group 23 of 30 mice (77%; p < 0.01) became pregnant and the litter 
number was 14.1 + 5.3 (p < 0.01). OK-432 and interleukin-1 administered intraperitoneally significantly 


suppressed embryo development (p < 0.01). 


CONCLUSION: Increased numbers of peritoneal macrophages negatively affect fecundity, probably by 
suppressing embryonic development. (Am J OBsTET GYNECOL 1992;167:261-4.) 


Key words: Peritoneal macrophages, infertility, embryonic development, endometriosis 


There are many infertile patients among even those 
with mild endometriosis,” * a disease of unknown ori- 
gin. It is unclear how fecundity is affected in patients 
with mild endometriosis; some authors have postulated 
that the increased number* + and activity’ of peritoneal 
macrophages in patients with endometriosis may be 
related to their decreased fecundity. 

To elucidate the cause of infertility in patients with 


endometriosis, we investigated how the presence of 


peritoneal macrophages would affect embryonic de- 
velopment in mice. Moreover, we also studied the 
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effects of interleukin-1, a humoral factor produced 
by peritoneal macrophages, on the embryonic devel- 
opment. 


Material and methods 


Animals. ICR mice, 10 weeks old, were obtained 
from Clea Japan, Inc. (Tokyo, Japan). 

Induction of macrophage infiltration into the peri- 
toneal cavity. To cause macrophage infiltration into the 
peritoneal cavity we used OK-432 (Picibanil, Chugai 
Pharmaceutical Co., Tokyo, Japan) as the chemotactic 
factor. This is a lyophilized preparation of the penicil- 
lin-treated Su-strain of the Streptococcus pyogenes group 
A111.° OK-432 at a dose of 0.1 klinische Einheit was 
injected intraperitoneally. One klinische Einheit cor- 
responded to 0.1 mg of the dried Streptococci. In a pre- 
liminary study the abdominal cavity was opened 3 days 
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Table I. Effect of OK432 intraperitoneal 
administration on animal fecundity 










Litter No. 


Group (mean + SD) 





OK-432 33 12% ( 4) 6.00 + 3.56 
Control 30 77% (23) 14.1 + 5.26 


*b < 0.01 (x* test). 
tp < 0.01 (Student ¢ test). 


Table II. Effect of prednisolone after OK-432 
intraperitoneal administration on 


Pregnancy 
No. rate 


animal fecundity 










Litter No. 





Group (mean + SD) 
OK-432 33 12% (4) 6.0 + 3.6 
OK-432 and 2] 43% (9) 16.1 + 8.7 

prednisolone 


*h < 0.01 (x* test). 
Tp < 0.05 (Student ¢ test). 


later; 10 ml of physiologic saline solution was pipetted 
into the abdominal cavity and then aspirated. After 
centrifugation of the aspirate, the number of macro- 
phages was counted. Macrophages were identified by 
a staining for a-naphthyl butyrate esterase.” * 

Effect of OK-432 on ovulation rate. The effect of 
OK-432 on the ovulation rate was studied in another 
preliminary study in which the number of corpora lutea 
was counted. OK-432 was injected on day |. Pregnant 
mare serum gonadotropin, 5 IU (Teikoku Zouki Co.. 
Tokyo, Japan), was injected intraperitoneally on day 5, 
and human chorionic gonadotropin (hCG) (Mochida 
Pharmaceutical Co., Ltd., Tokyo, Japan) was injected 
on day 7 to induce ovulation. On the next day, both 
ovaries were removed, and the number of corpora lutea 
was counted. 

Evaluation of fecundity. Fecundity of the mice was 
evaluated on the basis of the pregnancy rate and the 
number of fetuses. Ovulation was induced as previously 
described. Seven hours after the hCG injection, the 
animals were mated. The presence of a vaginal plug 
was then checked on the following morning, and if 
found, this was considered day 0 of gestation. On day 
13 of gestation, the abdominal cavity was opened, and 
the fetuses, if any, were counted. 

Study of the effects of OK-432 on fecundity. OK- 
432, pregnant mare serum gonadotropin, and hCG 
were injected as previously described. The day of the 
OK-432 injection was designed as day 1. Seven hours 
after the hCG injection, the animals were mated. On 
day 13 of gestation, the abdominal cavity was opened, 
and the fetuses, if any, were counted. 
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Study of the effects of prednisolone on fecundity 
after OK-432 administration. OK-432, pregnant mare 
serum gonadotropin, and hCG were injected, and the 
animals were treated as previously described. Prednis- 
olone, | mg, was administered intraperitoneally on days 
3, 4, and 6. 

Study of the effects of OK-432 and interleukin-1 on 
embryonic development. After injection of OK-432, 
pregnant mare serum gonadotropin, and hCG, the 
animals were mated. In case of interleukin-1, recom- 
binant human interleukin-1B (Otsuka Pharmaceutical 
Co., Ltd., Tokushima, Japan), at a dose of 100 pg 
(1 wg/12.1 Japan reference unit), was administered in- 
traperitoneally 5 hours after administration of hCG. 
Recombinant interleukin-1 was prepared in Escherichia 
coli and purified according to the method of Hirai et 
al.” The endotoxin level after purification was less than 
100 pg/mg of protein. Ninety-six hours after hCG in- 


jecuon, the abdominal cavity was opened, and both 


uterine horns were extirpated. The uterine cavum was 
flushed with 0.2 ml of physiologic saline solution. Cleav- 
age of embryo in flushed saline solution was examined 
under a contrast phase microscope. The results were 
expressed as the total number of blastocysts and morula 
divided by the total number of embryos. 

Statistical analysis. The significance of the differ- 
ences between two groups was evaluated by the Student 
t test or x” test. When the results from the three groups 
were compared they were analyzed by Dunnett's mul- 
tiple comparison test. 


Results 


After OK-432 administration, 95% of the leukocytes 
infiltrating the peritoneal cavity were macrophages. 
The mean number of macrophages after OK-432 ad- 
ministration to 20 mice [(55.2 + 23.5) x 10°] was sig- 
nificantly higher (p < 0.01) than in the 10 control mice 
injected with saline solution only [(8.1 + 6.3) x 10°]. 
The number of corpora lutea was not significantly dif- 
= 3; 24.3 + 5.0 per 
mouse) and control group (n = 3; 24.5 + 5.0 per 


ferent in the OK-432 group (n 


mouse). 

In the 33 mice given OK-432, the pregnancy rate was 
12%, and the mean litter number was 6.0 + 3.6 
(+ SD), that is, lower than in the (77% and 14.1 + 5.3, 
respectively) 30 control mice; the difference was sig- 
nificant (p < 0.01) for the pregnancy rate and the litter 
number (Table 1). 

The pregnancy rate increased (p < 0.01) and the lit- 
ter number was larger (p < 0.05) in mice given OK- 
432 and prednisolone than in those mice given OK- 
432 alone (Table II). 

Regarding the effects of the intraperitoneal admin- 
istration of OK-432 and interleukin-1 on embryonic 
development, the number of embryos that had reached 
the blastocyst or morula stages in the OK-432 group 


Volume 167 Role of peritoneal macrophages in infertility 263 


Number 1 


Table III. Effect of OK-432 and interleukin-1 on embryo development 







Blastocyst and morula 
a X 100 1%) 





Group All zygotes 
OK-432 15 28.9 + 29 9} 
Interleukin- | 15 39.3 + 12.7 p < 0.01* 
p < 0.01* 
Control 15 65.3 + 18.6 


Jan th 


are S NEN a ~~? ee 





*Dunnet’s multiple comparison test. 
Data are expressed as mean + SD. 


(n = 15) was 28.9 + 22.9 and 39.3 + 12.7 in the in- 
terleukin-1 group (n = 15); both were markedly lower 
(p < 0.01) than the number of blastocysts and morula 
in the control group (65.3 + 18.5; = 15) (Table III). 


Comment 


This study was undertaken to evaluate the effects of 
peritoneal macrophages on fertility with use of a mice 
model. OK-432 is used as a biologic response modifier 
and is also known as an activator of macrophages and 
natural killer cells; we used it here to cause macro- 
phage infiltration of the peritoneal cavity. 

For the identification of macrophages, a-naphthyl 
butyrate esterase staining was used. With the techno- 
logic advances, a new technique that uses monoclonal 
antibodies has been developed for the identification of 
macrophages. However, it has been reported that with 
nonspecific esterase staining, such as the a-naphthyl 
butyrate esterase staining used in this study, the results 
obtained are the same as those obtained with mono- 
clonal antibody."' In this study 95% of peritoneal leu- 
kocytes were macrophages; however, small numbers of 
lymphocytes and natural killer cells were included. We 
first studied the effects of OK-432 on ovulation, be- 
cause prostaglandins secreted from macrophages are 
known to affect ovulation.'* According to our obser- 
vation, however, the number of corpora lutea was not 
different in mice given OK-432 or physiologic saline 
only after ovulation induced by pregnant mare serum 
gonadotropin and hCG, which suggests that these treat- 
ments do not interfere with ovulation. 

The mice given OK-432 had decreased fecundity, 
which may suggest that the macrophages infiltrating 
the abdominal cavity interfere with fecundity. Prednis- 
olone was then given to determine whether a decrease 
in the macrophage activity with the abdominal cavity 
would help restore fecundity; both the pregnancy rate 
and the number of fetuses increased. These results 
strongly suggested that the large number of macro- 
phages observed in the peritoneal fluid of patients with 
endometriosis may contribute to infertility in these pa- 
tients. 

To evaluate the participation of macrophages on the 
decrease of fecundity, we studied their effects on em- 
bryonic development. Only a small number of fertilized 


eggs reached the stage of blastocyst or morula in the 
OK-432 group, which indicates that macrophages have 
an adverse effect on the growth of embryos. 

On the basis of these results, we can say that the 
presence of macrophages in the abdominal cavity neg- 
atively affects fecundity and that their adverse effect 
on embryonic development is possibly one of the main 
etiologic factors involved in the decrease in fecundity. 

In mice the ovary and uterus are connected; there- 
fore neither the ovum, the sperm, or the embryo could 
have direct contact with the macrophages as it occurs 
in humans. It is then presumed that these adverse ef- 
fects could have been caused by a humoral factor de- 
rived from macrophages. 

Hence we examined the possible effects of interleu- 
kin-1, which is present at high concentrations in the 
peritoneal fluid of patients with endometriosis.'* '* The 
dose of recombinant interleukin-18 used here was 100 
pg, because at this dose level we observed inhibition of 
fecundity in our previous study.'* As a result, embry- 
onic development was suppressed by recombinant in- 
terleukin-18 administration. 

The adverse effects of peritoneal fluid of patients 
with endometriosis on embryonic development have 
been reported by Morcos et al.,'* although their re- 
search was based on data obtained from in vitro fer- 
tilization. Similar reports were made by Fakih et al.” 
and Hill et al.'° However, a recent study by Schneider 
et al.” showed that purified interleukin-1 had no effect 
on embryonic development. 

Although our experiments were carried out in vivo, 
in view of the results reported by Schneider et al.,'’ we 
have to consider not the activity of interleukin-1 per se 
but also the possible participation of other cytokines 
such as prostaglandins and interleukin-6, which would 
increase after the administration of interleukin-1. 

On the basis of the data presented here, it can be 
said that peritoneal macrophages have an adverse ef- 
fect on fecundity and that they probably suppress em- 
bryonic development. 

The restoration of fecundity after treatment with 
prednisolone suggested that prednisolone or any other 
immunosuppressive agent might be beneficial in the 
treatment of infertility associated with endometriosis, 
especially in those patients who do not respond to da- 
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nazol or gonadotropin-releasing hormone agonists 
alone, because prednisolone does not interfere with 
ovulation. Furthermore, it is presumed that this ex- 
perimental model may be useful in the research of the 
mechanisms involved in infertility associated with en- 
dometriosis. 
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Comparison of cytokine levels and embryo toxicity in 


peritoneal fluid in infertile women with untreated or 


treated endometriosis 


Yuji Taketani, MD, PhD, Tong-Ming Kuo, MD, PhD, and Masahiko Mizuno, MD, PhD 


Tokyo, Japan 


OBJECTIVE: Our aim was to examine the relationship between the levels of cytokines in peritoneal fluid 


and its embryo toxicity. 


STUDY DESIGN: The levels of interleukin-1 and tumor necrosis factor were measured in peritoneal fluid 
from infertile women who did not have endometriosis (n = 21), who had untreated endometriosis (n = 19), 
and who had undergone medical treatment for endometriosis (n = 10). Embryo toxicity was investigated in 
mouse two-cell embryos cocultured with the oviducts in culture media that contained various 


concentrations of peritoneal fluid. 


RESULTS: The levels of cytokines were significantly higher in the peritoneal fluid from women who had 
untreated endometriosis than in women who did not have endometriosis, but they were extremely low in 
women who had undergone medical treatment with either danazol or buserelin. The peritoneal fluid from 
women who had untreated endometriosis adversely affected the cleavage of mouse two-cell embryos. 
After medical treatment the embryo toxicity of the peritoneal fluid was almost undetectable. 
CONCLUSION: These results offer some theoretic bases in support of medical treatment to improve 
reproductive performance in infertile women who have endometriosis. (AM J OssteT GYNECOL 1992:167: 


265-70.) 


Key words: Endometriosis, peritoneal fluid, cytokines, embryo toxicity, medical treatment 


Endometriosis is strongly associated with infertility. 
Reproductive performance is impaired even in women 
who have minimal and mild endometriosis and who are 
found to have no apparent anatomic derangement that 
might hinder early reproductive events, such as ovum 
pick up or its transport.” Thus far diverse plausible 
mechanisms have been postulated to explain the less- 
ened fecundity associated with endometriosis, includ- 
ing luteinized unruptured follicle,’ anovulation,* luteal 
phase defect,’ and impaired glycogen synthesis in the 
endometrium,” among others. 

Several reports have recently pointed to the chronic 


inflammatory changes in the peritoneal cavity of 


women who have endometriosis, which are manifested 
by an increased volume of peritoneal fluid’ and an in- 
creased number of peritoneal macrophages and their 
activities.” ° Furthermore, it has been reported that 
macrophages from patients who have endometriosis 
release significantly higher tumor necrosis factor activ- 
ity than those from fertile women who do not have 
endometriosis”; in addition, elevated levels of interleu- 
kin-1'' and tumor necrosis factor’® >! have been dem- 
onstrated in the peritoneal fluid of patients who have 
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endometriosis. Because peritoneal fluid is supposed to 
go into the oviductal cavity, it may influence the early 
reproductive processes by modulating the microenvi- 
ronment that surrounds the embryos. In this regard 
we have demonstrated that the peritoneal fluid from 
women who have endometriosis inhibits the cleavage 
of mouse early embryos by acting on the oviducts; thus 
it is possible that factors in the peritoneal fluid from 
these women are involved in the pathogenesis of in- 
fertility associated with endometriosis.'* More specifi- 
cally, we have suggested that elevated interleukin-1" 
and tumor necrosis factor’’ in the peritoneal fluid may 
be responsible for the embryo toxicity of the peritoneal 
fluid from women who have endometriosis. 

These observations prompted us to investigate 
whether medical treatment of endometriosis reduces 
the levels of cytokines in peritoneal fluid and its effect 
on embryonic development. In this study we offer ev- 
idence that medical treatment of endometriosis de- 
creases the cytokine levels and concurrently eliminates 
the embryo toxicity of the peritoneal fluid from women 
who have endometriosis. 


Material and methods 


Patients. The subjects in this study were 50 infertile 
women who had normal ovulatory cycles. Peritoneal 
fluid was collected during laparoscopy or laparotomy 
either for an evaluation of infertility or for treatment 
of infertility by means of tubal microsurgery. Twenty- 
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Table I. Clinical profile of the women studied 





Nonendometriosis 
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Untreated endometriosis Treated endometriosis 








No. of cases 2] 19 10 
Age (mean + standard $2.5 Æ 5,1 30.8 + 3.8 31.9 + 4.0 
error of mean) 
Duration of infertility 5.2 2:30 46 = 2.5 4.9 + 2.7 
Table II. Volume of peritoneal fluid the peritoneal fluid from women who have endome- 
Peritoneal fluid triosis may primarily act on the oviducts and stimulate 
(ml) the release of certain humoral factors that in turn ad- 






Nonendometriosis 10.6 + 8.5* 
Untreated endometriosis 19.6 + 9.0 
Treated endometriosis 6.0 + 4.1** 





Values are mean + standard error of the mean. 
*p < 0.05 versus untreated endometriosis. 
**h < (0.01 versus untreated endometriosis. 


nine women had endometriosis. Of these, 19 (revised 
American Fertility Society stage I/II = 10; stage 
III = 3; and stage IV = 6) had not undergone any 
treatment for endometriosis, and 10 (stage I/II = 2; 
stage III = 4; and stage IV = 4) had received medical 
treatment for 4 to 6 months (4 with danazol [Bonzol, 
Tokyo Tanabe Co., Ltd., Tokyo, Japan], 400 mg/day, 
and 6 with intranasal buserelin [Suprecur, Hoechst 
Japan Ltd., Tokyo, Japan], 900 pg/day). The remain- 
ing 21 women had no evidence of endometriosis. 

Collection of peritoneal fluid. Peritoneal fluid sam- 
ples were obtained from each woman in the late pro- 
liferative phase by aspirating the fluid in the anterior 
uterovesical space and cul-de-sac. Peritoneal fluid sam- 
ples from women who had endometriosis that had been 
treated were obtained 3 months after the termination 
of treatment. The fluid was centrifuged at 600g for 15 
minutes, and the resultant cell-free supernatant was 
stored at — 80° C until use. 

Measurement of cytokines. The concentration of in- 
terleukin-1f in peritoneal fluid was measured with en- 
zyme-linked immunosorbent assay kits (Otsuka Phar- 
maceutical Co., Ltd., Tokyo, Japan). The lowest mea- 
surable concentration was 2 pg/ml. The intraassay 
coefficient of variation was 4%, whereas the interassay 
coefficient of variation was 8.2%. The concentration of 
tumor necrosis factor—a was measured with enzyme- 
linked immunosorbent assay kits (Otsuka). The lowest 
measurable concentration was 4 pg/ml. The intraassay 
and interassay coefficients of variation were 3.1% and 
12.0%, respectively. 

Effect of peritoneal fluid on embryonic develop- 
ment. In a previous report'* we have shown that the 
peritoneal fluid from women who have endometriosis 
inhibits the cleavage of mouse two-cell embryos cocul- 
tured with the oviducts. Therefore it was suggested that 


versely affect embryonic development. In this study we 
used the same in vitro system to assess the embryo 
toxicity of the peritoneal fluid. Briefly, 8-week-old ICR 
mice were injected with 5 IU of pregnant mare serum 
(Teikoku Hormone Manufacturing Co., Ltd., Tokyo, 
Japan) intraperitoneally to induce superovulation, fol- 
lowed by an intraperitoneal injection of 5 IU of human 
chorionic gonadotropin (Teikoku) 48 hours later. Mat- 
ing was confirmed by the presence of the copulatory 
plug. The oviducts were taken 48 hours after the hu- 
man chorionic gonadotropin injection to obtain two- 
cell embryos. The embryos were cultured for 24 hours 
at 37° C under the condition of 95% air and 5% CO, 
in modified Biggers-Whitten-Whittingham medium in 
the presence of a piece of oviductal tissue (approxi- 
mately 5 mm in length). The oviductal tissue was taken 
from nonpregnant 8-week-old Crj:CD-1 mice. The 
presence of the oviductal tissue did not affect the pH 
or the osmotic pressure of the culture media. Usually 
10 embryos were cultured in a plastic organ culture 
dish (Becton Dickinson Labware, Lincoln Park, N.J.) 
that contained 1.5 ml of the medium. The maximum 
concentration of peritoneal fluid from women who did 
not have endometriosis at which no adverse effect was 
observed on embryonic development in vitro was 5%. 
Therefore this concentration was used throughout the 
experiments. From 10 to 30 embryos were used to as- 
sess the effect of each sample. The degree of devel- 
opment of cultured embryos was determined by mi- 
croscopic observation. 

Statistics. Data regarding cytokines were expressed 
as the mean + standard error of the mean and ana- 
lyzed by the Student ¢ test. The Mann-Whitney U test 
was used for the analysis of embryonic development. 
A possibility of 0.05 was considered significant. 


Results 


Table I summarizes the clinical profiles of the women 
who participated in this study. Their mean age and the 
duration of infertility were essentially the same among 
the three groups (nonendometriosis, untreated endo- 
metriosis, and endometriosis after medical treatment). 

Table II compares the volume of aspirated peritoneal 
fluid. The volume of peritoneal fluid in the untreated 


Volume 167 
Number | 


Analysis of peritoneal fluid in endometriosis 267 


IL-1 (pg/ml) 


without 





untreated treated 


endometriosis endometriosis endometriosis 


Fig. 1. Concentration of interleukin-1 in peritoneal fluid from women who did not have endome- 
triosis, who had untreated endometriosis, and who had treated endometriosis. Each value represents 


the mean + standard error of the mean. 


endometriosis group was about twofold the volume 
found in the nonendometriosis group. However, the 
volume of peritoneal fluid was markedly lower in 
women who had undergone medical treatment; it was 
less than one third of the volume found in the un- 
treated endometriosis group. 

Interkeukin-1 levels in the peritoneal fluid from 
women who had untreated endometriosis were signif- 
icantly higher than interleukin-1 levels in the nonen- 
dometriosis group. Notably, the interleukin-1 levels in 
women who had been treated for endometriosis were 
almost below detectability in all cases except one (Fig. 
1). The same phenomenon was observed in the case of 
tumor necrosis factor (Fig. 2). The tumor necrosis fac- 
tor levels in the peritoneal fluid from women who had 
untreated endometriosis were about fivefold the levels 
detected in the endometriosis group. The tumor ne- 
crosis factor levels were extremely low in the treated 
endometriosis group. 

Fig. 3 illustrates the distribution of embryos accord- 
ing to their embryonal stage after they were cultured 
for 24 hours in medium that contained peritoneal fluid 
from women in each study group. Among the embryos 
cultured with peritoneal fluid from women who did not 
have endometriosis, 5- to 8-cell and 16-cell or more 
advanced stages accounted for 50% and 30% of the 
cultured embryos, respectively. In contrast, the per- 
centage of 5- to 8-cell and 16-cell or more advanced 
stages were 33% and 13%, respectively, when 2-cell 
embryos were incubated with the peritoneal fluid from 
women who had untreated endometriosis. The analysis 
of the overall distribution between the two groups dem- 


onstrated that the embryonal development of embryos 
incubated with peritoneal fluid from women who 
had untreated endometriosis was significantly delayed 
(p < 0.001). It is noteworthy that the rate of degen- 
erated embryos was significantly higher (p < 0.001) 
when embryos were incubated with the peritoneal fluid 
from women who had untreated endometriosis (25%) 
than that found when embryos were incubated with the 
peritoneal fluid from women who did not have endo- 
metriosis (8%). The peritoneal fluid from women who 
had treated endometriosis showed markedly reduced 
embryo toxicity compared with the peritoneal fluid 
from women who had untreated endometriosis; how- 
ever, the rate of degenerated embryos was still higher 
(20%) compared with the rate found when embryos 
were incubated in the presence of the peritoneal 
fluid from women who did not have endometriosis 
(p < 0.001). Hence, regarding the overall distribution 
of the embryonal stages, a significant difference was 
found between the peritoneal fluid from women 
who did not have endometriosis and the peritoneal 
fluid from women who had treated endometriosis 
(p < 0.01). 

We then examined the effect of each peritoneal fluid 
sample on embryonal development (Table III). Because 
the lowest percentage of embryos that developed into 
five-cell or more advanced stages was about 70% when 
two-cell embryos were incubated without peritoneal 
fluid, we regarded peritoneal fluid samples that pro- 
duced over 70% embryos of five-cell or more advanced 
as nonembryo toxic. According to this definition 3 of 
11 (18%) peritoneal fluid samples from women who 
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Fig. 2. Concentration of tumor necrosis factor in peritoneal fluid from women who did not have 
endometriosis, who had untreated endometriosis, and who had treated endometriosis. Each value 


represents the mean + standard error of the mean. 
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Fig. 3. Number of embryos at different stages of embryonic development after 24-hour incubation 
of mouse two-cell embryos with peritoneal fluid. Denominators correspond to the number of embryos 
examined and numerators correspond to the number of embryos at each stage of embryonic de- 


velopment. The remaining embryos were degenerated. 


did not have endometriosis were embryo toxic, whereas 
15 of 19 (79%) peritoneal fluid samples from women 
who had untreated endometriosis were embryo toxic; 
thus the incidence of embryo toxic peritoneal fluid was 
significantly different in these two groups (p < 0.05). 
However, only 20% of the peritoneal fluid samples in 
the treated endometriosis group were embryo toxic; 
that is, almost no difference was found in the occur- 


rence of peritoneal fluid with embryo toxicity between 
the nonendometriosis group and the treated endo- 


metriosis group. 


Comment 

The main finding of this study is that the cytokine 
levels were markedly low in the peritoneal fluid from 
women who had undergone medical treatment for en- 
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dometriosis. The peritoneal fluid of these women also 
showed much less embryo toxicity compared with the 
peritoneal fluid from women who had untreated en- 
dometriosis. These results offer a theoretic background 
in favor of medical treatment for endometriosis-asso- 
ciated infertility. 

A considerable body of evidence suggesting that in- 
traperitoneal chronic inflammatory changes are pre- 
sumptive etiologic factors for endometriosis-associated 
infertility has been accumulated. For instance, perito- 
neal fluid from patients who have endometriosis and 
increased levels of tumor necrosis factor reduces sperm 
motility. In addition, peritoneal fluid from women 
who have endometriosis has been shown to exert a del- 
eterious effect on sperm-oocyte interaction in mice." 
Furthermore, Morcos et al.” reported that peritoneal 
fluid from women who have endometriosis inhibits the 
cleavage of mouse embryos. However, Awadalla et al.'® 
failed to duplicate this finding. We were also unable to 
demonstrate a direct toxic effect of peritoneal fluid on 
embryonic development.'* These conflicting results 
may be partly caused by the different species of mice 
or culture media that were used. Because peritoneal 
fluid is in direct contact with the oviductal cavity, we 
wondered whether peritoneal fluid could hinder em- 
bryonic development by altering the intraoviductal mi- 
croenvironment that surrounds embryos at an early 
stage. Thus we cocultured the embryos with the ovi- 
ducts in the presence of peritoneal fluid from infertile 
women who had endometriosis and were able to dem- 
onstrate the inhibition of embryonic development by 
the peritoneal fluid.'* In this study we have confirmed 
our previous findings with use of the same experimen- 
tal system. It is especially interesting to note that the 
embryo toxicity of peritoneal fluid was hardly detected 
after medical treatment. However, some of the peri- 
toneal fluid samples still showed some degree of em- 
bryo toxicity after the treatment. 

Cytokines, such as interleukin-1 or tumor necrosis 
factor, are usually found in high amounts in the peri- 
toneal fluid from women who have endometriosis.'°'* 
In our previous study" interleukin-1, like peritoneal 
fluid, inhibited embryonic development in the presence 
of the oviducts. Interestingly, indomethacin, which is 
an inhibitor of prostaglandin synthesis, effectively abol- 
ished the inhibitory effect of interleukin-1 and the peri- 
toneal fluid on embryonic development. These findings 
suggested that interleukin-1, at increased concentra- 
tions, could contribute to the embryo toxicity of the 
peritoneal fluid from women who have endometriosis. 
The same was true for tumor necrosis factor.'* More- 
over, we showed that prostaglandin E, directly inhibits 
embryonic development in the absence of the ovi- 
ducts." Accordingly, prostaglandin E,, which is re- 
leased from the oviductal tissues through stimulation 
with peritoneal fluid,“ appears to be one of the me- 
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Table III. Incidence of embryo toxic 


peritoneal fluid among women in the three 
groups studied 





No. of women with 
embryo toxic 






peritoneal fluid 
Nonendometriosis 2/11* 18 
Untreated endometriosis 15/19 79 
Treated endometriosis 2/10* 20 





Mouse two-cell embryos were incubated for 24 hours with 
10% of each peritoneal fluid sample. Peritoneal fluid samples 
that could not produce 70% of embryos of five cells or more 
were regarded as embryo toxic. 

*p < 0.05 versus untreated endometriosis. 


diators in the pathogenesis of endometriosis-associated 
infertility. Notably, in this study we have demonstrated 
that the decrease in embryo toxicity of the peritoneal 
fluid from women who have treated endometriosis was 
accompanied by decreased cytokine levels. This finding 
provides strong support for the aforementioned sug- 
gestion that increased levels of cytokines in the peri- 
toneal fluid may be involved in the pathogenesis of 
endometriosis-associated infertility. 

The question remains as to whether the inflamma- 
tory changes in the peritoneal cavity are a consequence 
of the presence of endometriotic tissues. In this study 
cytokine levels were markedly lower in the peritoneal 
fluid from women who had treated endometriosis. This 
finding appears to support the viewpoint that the pres- 
ence of endometriotic tissues evokes inflammatory 
changes in the peritoneum. The possibility remains that 
the drugs used in this study directly modulate the cy- 
tokine production in a manner unrelated to their clin- 
ical efficacy. Indeed, danazol has been shown to have 
immunosuppressive effects in vitro.” Moreover, dan- 
azol, but not buserelin, suppresses autoantibodies in 
women who have endometriosis.*” Thus it cannot be 
ruled out that danazol may directly modulate the pro- 
duction of cytokines by macrophages. However, both 
danazol and buserelin were associated with low cytokine 
levels. In addition, it has been reported that treatment 
of endometriosis with medroxyprogesterone reduces 
intraperitoneal inflammatory changes, which is exem- 
plified by a reduced peritoneal fluid volume and lower 
leukocyte counts in the peritoneal fluid of those pa- 
tients.” Therefore it appears that the reduced cytokine 
levels observed in the peritoneal fluid from women who 
have treated endometriosis are presumably caused by 
a reduction of endometriotic tissues but not by the di- 
rect effect of the drug used. 

The data obtained in this study provide some insight 
into the causal relationship between endometriosis and 
infertility. Regarding the embryo toxicity of the peri- 
toneal fluid, results from this study suggest that the 
presence of endometriosis adversely affects fecundity. 
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However, as yet the beneficial effect of medical treat- 
ment in improving fecundity in women who have en- 
dometriosis has not been proved. A likely explanation 
for this is that divergent mechanisms may be involved 
in endometriosis-associated infertility and medical 
treatment cannot eliminate every possible etiologic fac- 
tor of infertility. Alternatively, our results showed that 
degenerated embryos were still found more frequently 
among embryos incubated with peritoneal fluid from 
women who had treated endometriosis compared with 
those incubated with peritoneal fluid from women who 
did not have endometriosis. It thus appears feasible that 
unidentified factors involved in the degeneration of 
embryos may remain in the peritoneal fluid from 
women who have treated endometriosis. We are cur- 
rently investigating the presence of such factors. 
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Luteinized unruptured follicle in the early stages of 
endometriosis as a cause of unexplained infertility 


Yasuyuki Mio, MD, PhD, Toshiko Toda, MD, PhD, Tasuku Harada, MD, PhD, and 


Naoki Terakawa, MD, PhD 
Yonago, Japan 


OBJECTIVE: We attempted to clarify the relationship between luteinized unruptured follicle, which occurs 


in the early stages of endometriosis, and unexplained infertility. 


STUDY DESIGN: Seventy patients who had unexplained infertility were reviewed. 

RESULTS: Laparoscopic examination showed that 47 patients (67%) had endometriosis: of these, 40 
(85%) had minimal or mild disease. The incidence of luteinized unruptured follicle was higher (p < 0.05) in 
patients who had endometriosis (35%/patient and 25%/cycle) compared with patients who did not have 
endometriosis (11%/patient and 7%/cycle). Degenerated oocyte cumuli were collected in 6 (43%) of 14 


luteinized unruptured follicles diagnosed by transvaginal ultrasound. 


CONCLUSIONS: These results show that luteinized unruptured follicle is common in patients who have 
mild or minimal endometriosis and that it may be one of the causes of endometriosis-associated infertility. 
Transvaginal ultrasound-guided follicular puncture of luteinized unruptured follicle during the mid luteal 
phase may be useful in establishing a definitive diagnosis of luteinized unruptured follicle. (Am J OBSTET 


GYNECOL 1992;167:271-3.) 


Key words: Luteinized unruptured follicle, endometriosis, unexplained infertility, 


ultrasonography 


Endometriosis is an enigmatic disease that is fre- 
quently associated with infertility. In the advanced 
stages of the disease infertility is easy to explain because 
of the presence of adhesions, ovarian endometrioma, 
or both, but a direct cause-and-effect relationship in 
the early stages of endometriosis is not fully under- 
stood. Among the mechanisms that might be involved 
in endometriosis-associated infertility is the luteinized 
unruptured follicle.’ Originally described by Jewelew- 
icz,” the luteinized unruptured follicle may be one of 
the causes of infertility in women who have endo- 
metriosis,*° although its significance is still controver- 
sial.“” In our fertility clinic minimal or mild endome- 
triosis was demonstrated on laparoscopy in more than 
50% of patients who had unexplained infertility. More- 
over, luteinized unruptured follicle was frequently 
found by ultrasonic examination in patients who had 
unexplained infertility. 

This study was undertaken to elucidate whether lu- 
teinized unruptured follicle is associated with endo- 
metriosis in the early stages of the disease and to in- 
vestigate its potential role in endometriosis-associated 
infertility. We discuss the results in relation to the rel- 
evant published reports available. 
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Material and methods 


Between May 1989 and April 1991, 146 patients who 
desired to have a child underwent diagnostic laparo- 
scopic examination and a tubal dye test in our clinic. 
Seventy of these 146 patients had received a diagnosis 
of unexplained infertility before laparoscopic exami- 
nation, because their test results from the routine lab- 
oratory workup for couples with infertility were nor- 
mal. This routine laboratory workup included follicular 
monitoring by ultrasonography. From these 70 patients 
a study group of 47 patients who had endometriosis 
was selected. Of the remaining patients who had nor- 
mal findings, 28 had husbands with a low semen anal- 
ysis; these patients constituted the control group in this 
report. 

Documentation of endometriosis. We performed all 
laparoscopies with use of the double-puncture tech- 
nique, with the patients under general anesthesia, on 
day 7 to day 10 of the menstrual cycle. The stage of 
endometriosis was determined according to the 
weighted point system of the Revised American Fertility 
Society Classification of Endometriosis. Unipolar elec- 
trocautery was performed when minimal or mild en- 
dometriosis was observed. When we believed that elec- 
trocautery would not be effective, no attempt was made 
to excise or cauterize the endometriotic lesion. In such 
cases medical therapy with danazol (Bonzol, Tokyo 
Tanabe Co., Ltd., Tokyo, Japan) or gonadotropin- 
releasing hormone analog (buserelin; Suprecur, 
Hoechst Japan, Tokyo, Japan) was chosen for further 
treatment. 
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Fig. 1. Representative patterns of a luteinized unruptured follicle seen by transvaginal ultrasonog- 
raphy. A, Mature follicle (21-27 mm) on day 14 of menstrual cycle. B, Luteinized unruptured follicle 
(29-39 mm) on day 16 of the cycle. C, Enlarged luteinized unruptured follicle (36-37 mm) with 


intrafollicular echogenicity on day 18 of the cycle. D, Reduced size of luteinized unruptured follicle 


(30-36 mm) with increasing intrafollicular echogenicity on day 22 of the cycle. 


Table I. Incidence of luteinized 


unruptured follicle 






% incidence of LUF (n) 


In patients 


Endometriosis group $5 (LL31 25 (20/81)* 
Control group 11 (3/28) 7 (3/44) 


le 






In cycles 


LUF, Luteinized unruptured follicle. 
*) < 0.05 vs control. 


Ultrasonographic documentation of LUF. Follicular 
development was monitored by transvaginal ultraso- 
nography (SSD-650 and SSD-630; Aloka, Tokyo, 
Japan), daily or every other day, from day 8 of the men- 
strual cycle until 3 days after human chorionic gonado- 
tropin administration. A diagnosis of luteinized unrup- 
tured follicle was established when the following signs 
were present: (1) a rise in basal body temperature; (2) 
ultrasonically persistent and enlarged follicles after hu- 
man chorionic gonadotropin administration, without 
the collapse of the large follicle and free fluid in the 
pouch of Douglas (Fig. 1); (3) >5 ng/ml of serum pro- 
gesterone during the mid luteal phase; and (4) a degen- 
erated oocyte mass in the contents of persistent follicles. 

Eighty-one cycles of 31 patients who had endome- 
triosis were used to retrospectively investigate the oc- 
currence of luteinized unruptured follicle during the 
year before laparoscopic examination. Forty-four cycles 
of 28 control patients who did not have endometriosis 
and whose husbands showed subnormal semen analysis 
were also analyzed for luteinized unruptured follicle. 
In luteinized unruptured follicle cycles follicular de- 
velopment and ovulation had been monitored by serial 
transvaginal ultrasonography. The concentration of se- 


rum progesterone during the mid luteal phase had 
been measured in most of the cycles. Furthermore, af- 
ter the patients’ informed consent was obtained, trans- 
vaginal, ultrasound-guided follicular aspiration of 14 
follicles was performed as previously described" 3 to 5 
days after human chorionic gonadotropin administra- 
tion in 10 patients whose developed follicles did not 
rupture. 


Results 


Of 70 patients who were diagnosed with unexplained 
infertility, 47 (67%) had endometriosis; 40 (85%) of 
these had minimal (n = 22) or mild (n = 18) endo- 
metriosis. The remaining seven patients had moderate 
(n = 5) or severe (n = 2) endometriosis. Among the 23 
women who did not have endometriosis, 2 had inflam- 
matory adhesions of the pelvis and 21 had normal pel- 
vic findings. 

The incidence of luteinized unruptured follicle was 
35% (11/31) among the patients and included 25% 
(20/81) of the cycles. In contrast, the incidence of this 
phenomenon in the control group was 11% (3/28) 
among the patients and included 7% (3/44) of the cycles 
monitored. The incidence of luteinized unruptured 
follicle among patients and the cycles monitored was 
significantly (p < 0.05) higher in the endometriosis 
group than in the control group (Table 1). 

Degenerated or postmature oocyte cumuli were ob- 
served in 6 (43%) of 14 luteinized unruptured follicles; 
the contents included yellowish-brown solids and a hazy 
and viscous fluid. 


Comment 

In this study we found that most of the patients who 
were diagnosed with unexplained infertility before lap- 
aroscopic examination had minimal or mild endome- 
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triosis. Moreover, the incidence of luteinized unrup- 
tured follicle was significantly higher in patients who 
had endometriosis than in those who did not have it. 

Brosens et al.’ postulated that luteinized unruptured 
follicle might be a cause of infertility in women who 
have endometriosis. Likewise, Donnez and Thomas? 
found that the incidence of luteinized unruptured fol- 
licle cycles was significantly higher in patients who had 
endometriosis (26% vs 9% in the control). Toda® re- 
cently reported that the incidence of luteinized unrup- 
tured follicle diagnosed by transvaginal ultrasonogra- 
phy was 13.5% per cycle monitored (n = 384) in pa- 
tients who had infertility. A particularly higher 
incidence of luteinized unruptured follicle (range, 
37.5% to 21.4%) was observed in patients who had po- 
lycystic ovarian syndrome, tubal infertility, and endo- 
metriosis when compared with the incidence in the case 
of male infertility and ovulatory disorder (range, 6.8% 
to 6.3%). The results in this study are comparable with 
the data reported in those arzicles. However, other in- 
vestigators have reported very little association, if any, 
between luteinized unruptured follicle and endome- 
triosis.”° 

When we consider these conflicting data, at least two 
aspects should be taken into account. One refers to the 
accuracy of the diagnosis of luteinized unruptured fol- 
licle by ultrasonography. Liukkonen et al.’’ reported 
that the diagnosis of the luteinized unruptured follicle 
syndrome by ultrasound examination seems to be fairly 
accurate according to the laparoscopic confirmation of 
the findings. However, Petsos et al.'* emphasized that 
serial ultrasound scans alone cannot be used to detect 
ovulation. In this study transvaginal, ultrasound- 
guided follicular aspiration” of the luteinized unrup- 
tured follicle diagnosed by ultrasound examination was 
performed to examine the follicular contents during 
the mid luteal phase. Forty-three percent (6/14) of the 
luteinized unruptured follicles contained degenerated 
oocyte masses in the mid luteal phase. The results dem- 
onstrate that this technique may be useful to establish 
a definitive diagnosis of luteinized unruptured follicle 
and to elucidate the mechanisms involved in this phe- 
nomenon. 

We must also consider how minimal or early endo- 
metriosis interferes with the process of ovulation and 
fertilization. It is theorized tha: prostaglandins," pro- 
teolytic enzymes,’ and cellular components such as 
macrophages and lymphocytes” in the peritoneal fluid 
of patients who have minimal or mild endometriosis 
may individually or jointly affect the ovulation. In ad- 
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dition, it is known that the peritoneal fluid itself is toxic 
to the growth and development of embryos in the early 
stages of embryogenesis."'° Therefore minimal or mild 
endometriosis may be associated with infertility. How- 
ever, the relationship between luteinized unruptured 
follicle and endometriosis-associated infertility remains 
to be elucidated. 
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Luteal function in infertile patients with endometriosis 


Koji Kusuhara, MD 
Tokyo, Japan 


OBJECTIVE: Our purpose was to determine whether infertile patients who have endometriosis show luteal 


phase defects. 


STUDY DESIGN: The luteal function in 24 infertile patients wha had endometriosis was compared with the 
luteal function in 20 patients who had unexplained infertility and did not have endometriosis (control). In 
both groups serum luteinizing hormone, follicle-stimulating hormone, procesterone, and estradiol were 

- assayed every day throughout the menstrual cycle. Endometrial biopsy specimens were obtained from 
eight patients of the endometriosis grop for histologic dating of the endometrium. 

RESULTS: No significant differences ir progesterone levels were observed between these two groups 
during the mid and late luteal phase. Seven of the eight patients who underwent histologic dating showed 


a luteal phase pattern, whereas only one patient was out of phase. 


CONCLUSION: Infertile patients who have endometriosis do not always have luteal phase defects. (Am J 


OBsTET GYNECOL 1992;167:274-7.) 
Key words: Endometriosis, luteal function, infertility 


The real cause of infertility in patients who have 
endometriosis has not yet been clarified. Functional or 
. anatomic abnormalities of reproductive organs within 
the pelvic cavity that are induced by extended endo- 
metriosis are considered to be a direct cause of infer- 
tility; however, the presence: of organ abnormalities 
alone does not explain the cause of infertility in patients 
who have mild and moderate endometriosis. There 
must be other factors associated with endometriosis that 
cause infertility in these patients. One of the possible 
causes is Ovarian dysfunction. Luteal phase defects in 
particular have been suggested as a plausible expla- 
nation. Williams et al.’ reported that the progesterone 
level is low in patients who have endometriosis. Con- 
versely, Radwanska and Dmowski? reported that en- 
dometriosis is not complicated by luteal phase defects. 
Thus no conclusions have been reached regarding the 
presence or absence of luteal phase defects in infertile 
patients who have endometriosis. 

Consequently, in the current study I compared the 
progesterone levels of infertile patients who had en- 
dometriosis and patients who had unexplained infer- 
tility without endometriosis to clarify whether infertile 
patients with endometriosis have luteal phase defects. 


Material and methods 


The subjects were 20 patients who had unexplained 
infertility in whom the absence of endometriosis was 
confirmed by laparoscopic examination (control group) 
and 24 infertile patients who had laparoscopically con- 
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firmed endometriosis (endometriosis group). No sig- 
nificant differences in age and the duration of infertility 
existed between these groups (Table I). 

Endometrial biopsy specimens were obtained from 
eight patients of the endometriosis group 7 days after 
the luteinizing hormone (LH) surge and were histo- 
logically examined. Dating was conducted according to 
the criteria proposed by Noyes et al? 

Blood samples were taken every day throughout the 
menstrual cycle from each of the patients (n = 44), and 
serum was stored until assayed to determine the con- 
centrations of LH, follicle-stimulating hormone, estra- 
diol, and progesterone in the course of time. 

A kit for radioimmunoassay from Daiichi Radio Iso- 
tope Inc. (Tokyo, Japan) was used to measure serum 
LH, follicle-stimulating hormone, estradiol, and pro- 
gesterone. The coefficient value was satisfactory; it was 
5% to 9% or less in the intraassay and 8% to 14% in 
the interassay. Statistical significance was analyzed by 
the Student ¢ test. 


Results 


Fig. 1 demonstrates the results of the comparison of 
gonadotropins levels between the control group 
(shadow, mean values + SD) and the group of patients 
who had endometriosis (open circle, mean values + SD). 
The date of the LH surge was designated as day 0. The 
value of the LH surge in the control group was 
91.2 + 50.0 IU/ml. Similarly, the value of the LH surge 
in the endometriosis group was 105.5 + 55.5 IU/ml, 
which revealed no significant differences between these 
two groups. 

Moreover, comparison of the basal LH levels in the 
follicular and luteal phases in the control and endo- 
metriosis groups revealed no significant differences. 

Follicle-stimulating hormone levels were also com- 
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Fig. 1. Serum LH and follicle-stimulating hormone concentrations in control (shaded background, 
n = 20) and endometriosis (open circle, n = 24) groups. Data are expressed as mean values + SD. 


pared between the control and endometriosis groups 
(Fig. 1). No significant differences were observed be- 
‘tween the two groups regarding the basal follicle-stim- 
ulating hormone levels in the follicular or luteal 
phase. 

Progesterone and estradiol levels in both groups were 

compared to investigate the luteal function in the en- 
dometriosis group. Fig. 2 shows the changes in the 
levels of progesterone and estradiol in the control and 
endometriosis groups. The progesterone level in the 
control group rose immediately after ovulation, 
reached the peak value of 16.3 + 4.7 ng/ml on day 
+6, and then declined. On the other hand, tn the en- 
dometriosis group the level was slightly low on days + 1 
and +2, but it reached the peak value of 14.1 + 5.5 
` ng/ml on day +7. The peak value was not significantly 
different from the peak value in the control group. No 
_ Significant differences from the control group were ob- 
served even during the subsequent late luteal phase. 


Table I. Characteristics of the 
study population 







Control 





Endometriosis 





group (n = 24) 
Age (yr) 30.7 + 4.3 31.5 + 5.3 
Duration of infertility 4.3 + 3.2 S122 25 
(yr) 


Minimal 2? cases 
Mild 10 cases 
Moderate 6 cases — 
Severe 6 cases 


Endometriosis stage” 


Data are expressed as mean values + SD. 
*Revised American Fertility Society Classification. 


Regarding estradiol levels, the preovulatory surge in 
the. control group occurred on day — 1 (237.6 + 78.9 
pg/ml) and the mid luteal surge occurred on day +7 
(176.7 + 60.8 pg/ml). In contrast, although estradiol 
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Fig. 2. Serum progesterone and estradiol concentrations mea- 
sured during luteal phase in control (shaded background, 
n = 20) and endometriosis (open circle, n = 24) groups. Data 
are expressed as mean values + SD. 


levels in the endometriosis group were slightly lower 
during the late follicular phase, no significant differ- 
ences in the control group were observed. In the en- 
dometriosis group the estradiol levels reached the pre- 
ovulatory peak of 277.8 + 174.5 pg/ml on day —1, 
and the mid luteal surge of 215.7 + 95.0 pg/ml oc- 
curred on day +5. 

The endometriosis group was then divided into three 
groups according to the stage of the disease on the basis 
of the revised American Fertility Society Classification: 
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Fig. 3. Mean value of progesterone and estradiol in patients 
who had endometriosis classified according to stage of disease. 
Stage I + II (closed circle, n = 12), stage IH (open circle, n = 6), 
and stage IV (open triangle, n = 6). Data are expressed as mean 
values. 


the first group consisted of patients who had stage I 
and IJ disease, the second group consisted of patients 
who had stage III disease, and the third group consisted 
of those who had stage IV disease. The progesterone 
and estradiol levels in these three groups are shown in 
Fig. 3. 

Although patients who had stage IV disease showed 
slightly lower progesterone and estradiol levels on day 
+ 8, no significant differences were observed regarding 
these two parameters when compared with those pa- 
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tients who had stage I, IJ, or HI disease. A decline in 
progesterone levels along with the progression of en- 
dometriosis was not observed. 

Finally; histologic dating of endometrial tissues per- 
- formed in 8 of the 24 patients who had endometriosis 
demonstrated that 7 of the 8 patients showed a luteal 
phase pattern, whereas only | patient was out of phase. 


Comment 


It has been noted that endometriosis is accompanied 
by mild ovarian dysfunctions such as anovulation* and 
hyperprolactinemia,> but luteal phase defects are said 
to be one of the most typical ovarian dysfunctions in 


patients who have endometriosis-associated infertility.® ` 


Methods for the evaluation of the luteal function 
include use of a basal body temperature chart and en- 
dometrial biopsies. In the current study progesterone 
levels in patients who had endometriosis-associated in- 
fertility were compared with those of patients who had 
unexplained infertility without endometriosis, because 
all of the conflicting results in the literature’? ° were 
in relation to progesterone function. 

Hargrove and Abraham’ reported for the first time 
that because of the low progesterone levels in infertile 
patients who have endometriosis during the mid luteal 
phase, abnormal luteal function is often observed in 
these patients. Moreover, Williams et al.’ continuously 
measured the progesterone levels throughout the luteal 
phase and also pointed out that luteal phase defects 
often occur in these patients because progesterone 
levels are significantly lower during the early and mid 
luteal phases. 

On the other hand, numerous reports state that luteal 
phase defects do not occur so frequently in infertile 
patients who have endometriosis. Radwanska and 
Dmowski’ compared the mid luteal serum levels of pro- 
gesterone and the preovulatory serum levels of estra- 
diol in clinically ovulatory women and infertile patients 
who had endometriosis, and they observed no signifi- 
cant differences between the nonendometriosis and en- 
dometriosis groups regarding the levels of progester- 
one and estradiol. In light of these findings Randwan- 
ska and Dmowski? concluded that luteal deficiency is 
not more likely to occur in patients who ‘have endo- 
metriosis and that luteal deficiency is not the direct 
' cause of endometriosis-associated. infertility. Further- 
more, Pittaway et al.® evaluated the luteal function in 
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endometrial biopsies and reported that the incidence 
of luteal phase defects was 5.3% in the nonendome- 
triosis group and 8.8% in the endometriosis group, 
which demonstrates that no significant difference exists 
between these groups. a | 

In the current study progesterone levels during the 
luteal phase were measured in patients who did and 
did not have endometriosis. The results contradicted 
the previous results reported by Cheesman et al.°; that 
is, the progesterone levels of the patients evaluated in 
this study were slightly lower during the early luteal 
phase (days +1 and +2) but were completely normal 
during the mid and late luteal phases. Besides, no cor- 
relation existed between the stage of endometriosis and 
progesterone levels. 

Moreover, histologic dating of the endometrium dur- 
ing the mid luteal phase revealed that the endometrium 
was abnormally retarded in only one of eight patients 
(12.5%). 

In short, although progesterone levels were low in 
the endometriosis group during the early luteal phase 
(days +1 and +2), they returned to normal soon af- 
terward. Consequently, it would be difficult to regard 
luteal phase defects as the main cause of endometriosis- 
associated infertility. 
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The impact of endometriosis on the reproductive outcome of 


infertile patients 


Masato Inoue, MD, DMSci, Yoshimune Kobayashi, MD, DMSci, Ikuko Honda, MD, 


Hideo Awaji, MD, and Akikazu "api; MD, DMSci 


Kanagawa, Japan 


OBJECTIVE: We examined whether the presence and severity of endometriosis affect the reproductive 


outcome of infertile patients. 


STUDY DESIGN: The conception rates of 2080 infertile women, 1263 who had endometriosis and 817 
who did not have endometriosis, were analyzed retrospectively by means of the x? test. Depending on the 
stage of the disease patients who had endometriosis-associated infertility underwent expectant 
management, danazol therapy, or minor or major conservative surgery. The patients who failed to 
conceive after these conventional treatments were ae in the in vitro fertilization—embryo transfer 


program. 


RESULTS: The conception rates were virtually identical regardiess of the presence or absence of 
endometriosis (30.7% vs 30.0%). The autcome of in vitro fertilization—embryo transfer was not affected 


either by the presence or the severity of the disease. 


CONCLUSION: Endometriosis had no impact on the reproductive outcome of infertile patients in this 
series unless the anatomy of the pelvic organs was heavily distorted, which can occur in the advanced 


stages of the disease. (Am J OBsTET GYNECOL 1992;167:278-82.) 


Key words: Endometriosis, s, infertility, electrocoagulation, danazol, in vitro fertilization— 


embryo cane 


Minimal and mild endometriosis is frequently found 
in infertile women,! and a definite decrement of fertility 
has been reported even in patients who have mininial 
endometriosis.? Many possible causes have been pro- 
posed to explain the relationship between endometri- 
osis and infertility. * More recently, after the advent of 
in vitro fertilization—embryo transfer (IVF-ET), it has 
been implied that endometriosis affects the quality of 
oocytes; therefore the fertilization rates are low.> How- 
ever, the exact mechanism by which minimal endo- 
metriosis interferes with fertility is still unknown.* * 

‘Various types of therapy have been devised to treat 
endometriosis-associated infertility; these include ex- 
pectant management,” medical treatment,’ è conser- 
vative surgery,” © and operative laparoscopy.’*'' Nev- 
ertheless, no medical or surgical therapy has been 
shown to be truly efficacious.” 

It has recently been reported that the fertility rate is 
normal in women who have minimal endometriosis,’ 
which casts doubt on the relationship between endo- 
metriosis and infertility. 

In this study we analyzed our data retrospectively to 
determine whether the presence and severity of en- 
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dometriosis affect the reproductive outcome of infertile 
patients. The cause-and-effect relationship between en- 
dometriosis and infertility is also discussed. 


Material and methods 


By the end of December 1988, 2080 women had 
undergone diagnostic laparoscopic examination at our 
hospital as part of an infertility evaluation. Their mean 
age was 32.3 years, and the mean infertility period was 
6.0 years. Of the entire study population 1263 (60.7%) 
patients had endometriosis. 

Endometriosis was confirmed by direct laparoscopic 
visualization or biopsy of lesions. The severity of disease 
was determined according to the American Fertility So- 
ciety revised classification. The laparoscopic proce- 
dures usually included ascites aspiration from the 
pouch of Douglas, chromopertubation, and cervical di- 
lation and curettage. 

Treatment of stage I and II endometriosis. At first 
most patients (n = 359) who had stage I and IJ disease 
underwent expectant management of infertility for 1 
year after laparoscopy. During tais period all other ma- 
jor infertility factors were corrected if found. Those 
who did not conceive then started therapy with danazol 
(600 mg/day for 6 months) or were treated by lapa- 
roscopic electrocoagulation. 

The policy was later changed, and patients in = 442) . 
who had minimal or mild disease were treated exclu- 
sively by electrocoagulation at the time of the initial 
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Table I. Conception rates cf infertile patients with and without endometriosis 






Endometriosis 


(+) 1263 39.5 
(=) 817 31.9 
Total 2080 32.3 





388 30.7* 
T 245 30.0 
6.0 633 30.4 





Pregnancies after IVF of gamete intrafallopian transfer were excluded. 
*Not significantly different from conception rates in women without endometriosis. 


Table II. Stage of endometriosis and conception rates 





I 587 32. 3 
II 348 - 32.5 
{ll 184 32.6 
IV 144 33.1 
Total 1263 32.5 


6.0 204* 34.8 
6.0 100 28.7 
5.7 53 28.8 
6.4 _31# 21.5 
6.0 388 30.7 


Pregnancies after IVF or paper intrafallopian transfer were excluded. 


*h < 0.005. 


laparoscopy. A monopolar cautery was applied to the 
endometriotic implants until the lesions and the sur- 
rounding tissues blanched. Adhesions were lysed 
sharply with a monopolar needle-point cautery. 

After electrocoagulation the pelvis was irrigated with 
saline solution.. No complications during or after the 
operation were noted among these patients. 

Treatment of stage III and IV endometriosis. At 
initial laparoscopic examination, ovarian endome- 
triomas were aspirated and irrigated with saline solu- 
tion. Adhesions around the ovaries and tubes, when 
found, were lysed sharply with monopolar microelec- 
trodes. They then underwent expectant management 
for infertility for 4 to 6 months. The patients who did 
not conceive were prescribed danazol (600 mg/day) for 
6 months and were followed up for at least 1 year. 
Recurrent endometriomas were managed laparoscop- 
ically or were aspirated through the vagina under ul- 
trasonographic control. Major conservative surgery 
(n = 41) was performed only when other infertility fac- 
tors, such as myomas or hydrosalpinx, were found. 

Treatment of patients who did not have endome- 
triosis. These patients were treated individually ac- 
cording to the infertility factors: tubal factors were cor- 
rected laparoscopically or by microsurgery, myomas 
were enucleated when indicated, and patients who had 
a normal pelvis were subjected to empiric treatment, 
such as ovarian stimulation with or without intrauterine 
insemination. 

In vitro fertilization and embryo transfer. A total of 
309 patients who had endometriosis and 392 patients 
who did not have endometriosis and who did not con- 
ceive after conventional treatments (expectant man- 


agement, danazol, and electrocoagulation) were en- 
rolled in the [VF-ET program. Their mean age was 
34.9 years and 33.3 years, respectively, and the mean 
duration of infertility was 8.8 years and 8.5 years, re- 
spectively. 

Ovarian stimulation was accomplished with a com- 
bination of clomiphene citrate and human menopausal 
gonadotropin or human menopausal gonadotropin 
alone, with or without gonadotropin-releasing hor- 
mone agonists. 

The response to treatment was monitored by ultra- 
sound studies together with the measurement of serum 
estradiol. Ovulation was triggered by the administra- 
tion of 10,000 IU of human chorionic gonadotropin 
when at least two follicles greater than 17 mm in di- 
ameter were present and the serum estradiol level was 
between 200 and 300 pg/ml per mature follicle. Fol- 
licular aspiration by laparoscopy or transvaginal ultra- 
sound guidance was performed 36 hours after human 
chorionic gonadotropin injection. 

Semen was obtained by masturbation, and motile 
spermatozoa were prepared by the standard swim-up 
procedure. Oocytes were inseminated (1 X 10° motile 
sperm/ml) 4 to 8 hours after collection, pronuclei were 
identified 16 to 20 hours later, and ET was performed 
24 to 72 hours after insemination. The media used were 
Ham-F10 or human tubal fluid supplemented with 
7.5% (insemination medium) and 15% (growth me- 
dium) heat-inactivated human cord serum. 

All patients who underwent ET received supple- 
mental progesterone throughcut the luteal phase. 
Pregnancy was diagnosed when a highly-sensitive preg- 
nancy test (Testpack, Dainabot Co., Ltd., Tokyo, 
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Table III. Conception rates after expectant | 
management of endometriosis 


| No. of No. of women 
Endometriosis patients who conceived Fe | 


. Stage I 24] 87 36.1 
Stage IT 118 35 29.7 


Japan), which was performed 14 to 16 days after ET 
was positive. Statistical analysis of the data was per- 
formed with the x? test. 


Results | 


The mean age and mean infertility period of patier: ts 
who had endometriosis (32.5 years and 6.0 years) and 
who did not have endometriosis (31.9 years and 6.0 
years) were not statistically different. Interesting-y, 
these two parameters were also almost identical when 
the patients were compared according to the stage of 
endometriosis. 7 | 

By the end of August 1991, 633 patients (30.4%) had 
conceived after conventional therapy that included in- 
‘trauterine insemination. The presence of endometri- 
osis did not affect the conception rate of infertile pa- 
tients (Table I). The conception rate slightly declined 
as the stage of the disease progressed (Table II). How- 
ever, a Statistically significant difference was observed 


only between stage I and stage IV (p < 0.005). A cen-’ 


siderable number of patients who had stage IV endo- 
metriosis had undergone major conservative surgery 
before coming to our hospital, and laparoscopic ex- 
amination revealed that many of them had severely 
distorted pelvic organs. Therefore the difference be- 
tween stage I and stage IV in terms of conception rate 
should be interpreted with caution. To address the 
cause-and-effect relationship between endometricsis 
and infertility, expectant management and laparo- 
scopic electrocoagulation were compared in stage I and 
stage II disease. A total of 241 stage I patients and 118 
stage II patients underwent expectant management for 
at least 1] year after laparoscopy. The conception rates 
were almost satisfactory (Table II). Ninety-eight pa- 
tients who did not conceive after expectant manage- 
ment received therapy with danazol (600 mg/day for 
6 months). However, the results were very disappoint- 
ing. Of 44 patients who had stage I disease, only 3 
_ (6.8%) became pregnant, and none of 54 stage II pa- 
- tients conceived. 

Unexpectedly, electrocoagulation did not increase 
the pregnancy rate. The patients whose endometrial 
implants were zreated by electrocoagulation showed 
somewhat lower pregnancy rates compared with pa- 
tients who underwent expectant management (Teble 
IV). The results of IVF-ET are given in Tables V and 
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Table IV. Conception rates after undergoing 
electrocoagulation treatment for endometriosis 


No. ‘of Ne. of women 
patients _ who conceived 


Stage I 276 86 31.2 
Stage II ' 166 36 21,7 





Endometriosis 








VI. The number of oocytes that were retrieved and 
fertilized and the number. of embryos transferred were 
almost the same, regardless of the presence or absence 


of endometriosis. Moreover, the presence of endome- 


triosis did not affect the conception rate of the IVF- 
ET program. 

The patients who had endometriosis had a somewhat 
higher pregnancy rate per ET compared with those 
who did not have endometriosis. Furthermore, the se- 
verity of the disease did not affect the pregnancy rate 
either per patient or per ET. 


Comment 


A strong association exists between infertility and en- 
dometriosis. In this study we found endometriosis in 
60.7% of the infertile patients. Koninckx et al. have 
also recently reported a 68% incidence of endometri- 
osis in patients who underwent laparoscopy for infer- 
tility. Interestingly, the mean age of our patients and 
their mean infertility period were almost identical, re- 
gardless of the presence or absence of endometriosis 
or the stage of the disease. The natural history of en- 
dometriosis is poorly understocd. Mild endometriosis 
can progress if left untreated.’ '° It is also true, how- 
ever, that endometriotic implants can either regress 
spontaneously or not progress when left untreated.” 
The present data support the previous observation that 
endometriosis may not always progress from stage I to 
stage II and eventually to stage IV." 

Patients who have minimal disease and those who 
have severe disease may represent two different spec- 
trums of this disease, and different mechanisms may 
be involved in infertility, as suggested by Mahmood and 
Templeton." 

Endometriosis has been implicated as a cause of in- 
fertility. Acosta et al.” reported a definite reduction in 
fertility even in patients who had mild endometriosis. 
Several hypotheses have been proposed to explain the 
relationship between endometriosis and infertility; 
these include altered prostaglandin secretion and me- 
tabolism, increased macrophage activity, ovarian dys- 
function, and aberrant immune response.” * In recent 
years, however, doubt has been cast on the causal re- 
lationship between endometricsis and infertility. Rod- 
riguez-Escudero et al.’° have demonstrated that in pa- 


tients who have minimal endometriosis the fertility and 
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Table V. Results of [VG-ET in patients with and without endometriosis 

























No. of Conception rate 
No, of patients who No. of 
Endometriosis patients conceived conceptions 











(+) 309 476 131 147 49.4% 30.9* 
(-) 372 701 165 189 44.4 27.0 
Total 681 1177 296 336 43.5 28.5 


*Not significantly different from conception rates in women without endometriosis. 


Table VI. Results of IVF-ET in relation to the stage of endometriosis 


















No. of Conception rate 









No. of patients who No. of 
patients conceived conceptions 
I ll] 171 45 52 40.5 30.4 
II 78 123 39 39 42.3 S17 
II 51 76 24 24 47.1 31.6 
IV 69 106 29 32 42.0 30.2 
Total 309 476 13] 147 42.4 30.9 


monthly fecundity rates are normal on the basis of their 
experience with artificial insemination by means of do- 
nor semen. 

Indeed, endometriosis is not infrequent in fertile 
women. Moen" reported a group of 108 women who 
underwent laparoscopic sterilization; endometriosis 
was found in 18% of these patients. Liu and Hitchcock"® 
noted a high incidence of endometriosis (43%) in a 
group of 75 patients who sought laparoscopic steriliza- 
tion. Furthermore, expectant management or no treat- 
ment, interestingly enough, yields pregnancy rates that 
are similar to the outcome of medical or surgical in- 
tervention.’ '* Thus endometriosis of minimal or mild 
degree may be an incidental finding and of no impor- 
tance in the pathogenesis of infertility. 

The results of this study also question the cause-and- 
effect relationship between endometriosis and infertil- 
ity. The presence of endometriosis did not affect the 
crude pregnancy rates of infertile patients. Moreover, 
no significant difference in pregnancy rates was found 
between those who underwent expectant management 
and those who underwent laparoscopic electrocoagu- 
lation; when the patients who had stage I and stage II 
disease were compared, elimination of endometrial im- 
plants did not result in an improvement of fecundity. 
The presence of endometriosis may be a marker of 
some other acquired or developmental pathologic state 
that may be the cause of infertility and that remains 
after the endometriosis is eradicated, as suggested by 
Redwine.” 

The severity of endometriosis did not affect the re- 
productive success rate of infertile patients. No signif- 
icant difference was found between patients who had 


stage I, stage II, and stage III disease when the crude 
pregnancy rates were compared. 

A statistically significant difference in conception fre- 
quency was noted only between stage I and stage IV. 
However, it should be remembered that a considerable 
number of patients in stage IV had received major 
conservative surgery before they were referred to our 
hospital, and many of them revealed heavily distorted 
pelvic organs at laparoscopy; therefore, conventional 
treatments were ineffective for the treatment of fer- 
tility. 

The predominant feature of stage III and stage IV 
disease was the presence of ovarian endometriomas, 
which were resistant to treatment and visualized by vag- 
inal ultrasound scans in most patients even after preg- 
nancy was established. 

The advent of IVF-ET has provided a unique op- 
portunity to assess the potential effect of endometriosis 
on oocyte quality or the implantation process. Earlier 
studies have shown that endometriosis affects the preg- 
nancy rate of 1VF-ET programs.” %1? 

Wardle et al.° have reported that mild or moderate 
endometriosis affects the fertilization rate by reducing 
the quality of oocytes compared with that of women 
who have tubal disease only. Others have shown that 
the fecundity rate per cycle in women who had stage | 
and stage II endometriosis was similar to that of the 
group with tubal factors, but it was significantly reduced 
in women who had stage IV disease.*" * A reduced 
number of recovered oocytes and a decreased implan- 
tation rate per embryo transferred might be respon- 
sible for the reduced pregnancy rate in patients who 
have severe endometriosis after [VF-ET, which sug- 
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gests the presence of an implantation inhibitory factor 
in these patients.” 

More recently, however, Garcia et al.** and Gerday 
et al.” have reported that severity of endometriosis does 
not impair the follicular recruitment parameters, the 
oocyte fertilizing ability, or the pregnancy rate. Our 
results support these recent observations. The presence 
of endometriosis did not affect the pregnancy rate after 
IVF-ET, and the severity of the disease did not affect 
the pregnancy rate either per patient or per embryo 
transfer. . 

It appears unlikely that endometriosis affects the 
quality of oocytes or impairs embryo implantation. The 
patients who had endometriosis and did not conceive 
after conventional therapy should be treated by IVF- 
ET irrespective of the stage of the disease. 

In conclusion, the reproductive outcome of infertile 
patients was not significantly affected either by the pres- 
ence of endometriosis or by the stage of the disease 
unless the pelvic organs were heavily distorted because 
of previous conservative surgery. Furthermore, neither 
the presence nor the severity of the disease affected 
the outcome of IVF-ET. 

These results cast serious doubt on a cause-and-effect 
relationship between endometriosis and infertility. En- 
dometriosis may be an incidental finding and of no 
importance in the pathogenesis of infertility except for 
the terminal stage, in which the anatomy of pelvic or- 
gans is heavily distorted. 
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Mechanisms involved in the pituitary desensitization induced 
by gonadotropin-releasing hormone agonists. 


Tsuguo Uemura, MD, PhD, Takashi Yanagisawa, MD, Kazuhiro Shirasu, MD, 
Akemi Matsuyama, MD, PhD, and Hiroshi Minaguchi, MD, PhD 


Yokohama, Japan 


OBJECTIVE: We investigated the mechanisms of desensitization induced by gonadotropin-releasing 


hormone agonist in the pituitary. 


STUDY DESIGN: Effects of gonadotropin-releasing hormone agonist on the pituitary were studied in vitro 
and in vivo in the rat. In the clinical study serum luteinizing hormone was measured by radioimmunoassay 
with a polycional luteinizing hormone antibody (luteinizing hormone-radioimmunoassay) and by 
immunoradiometric assay with monoclonal luteinizing hormone antibodies (luteinizing 
-hormone-immunoradiometric assay) during gonadotropin-releasing hormone agonist treatment. 
RESULTS: In the in vitro study bead-attached pituitary cells that were desensitized with a continuous 
infusion of 10-’mol/L gonadotropin-releasing hormone responded to 50 mmol/L K+. In the in vivo study 
gonadotropin-releasing hormone binding sites and rat luteinizing hormone 8—-messenger ribonucleic acid in 
the pituitary decreased during gonadotropin-releasing hormone agonist treatment, but serum levels of rat 
luteinizing hormone did not decrease. In addition, a disparity between luteinizing l 
hormone-radioimmunoassay and luteinizing hormone-immunoradiometric assay was demonstrated during 


gonadotropin-releasing hormone agonist treatment. 


CONCLUSION: Pituitary desensitization in response to gonadotropin-releasing hormone agonist may not 
be wholly receptor mediated and a nonreceptor process may be involved. (AM J OBSTET GYNECOL 


1992:167:283-91.) 


Key words: Pituitary desensitization, gonadotropin-releasing hormone agonist, luteinizing 
hormone, luteinizing hormone B—messenger ribonucleic acid, gonadotropin-releasing 


hormone receptor 


Gonadotropin-releasing hormone agonists (GnRHa) 
have proved useful for the treatment of endometriosis 
because GnRHa affect only specific organs and induce 
hypogonadotropic hypoestrogenism (desensitization), 
which renders the endometrial implant atrophic. How- 
ever, the mechanisms involved in the desensitization of 
the pituitary are still poorly understood. 

To investigate these mechanisms, we administered 
GnRH. agonist to rats and humans for more than 4 


weeks. We then measured the concentrations of serum 


rat luteinizing hormone (LH) and pituitary rat LH, the 
response of serum rat LH to GnRH, and GnRH-bind- 
ing sites and gene expression of rat LH $B in the pitu- 
itary in the rat. In humans who were undergoing GnRH 
agonist treatment, we investigated the concentration of 
serum LH determined by a polyclonal antibody and by 
monoclonal antibodies. We also examined rat pituitary 
cells in vitro. 


From the Department of Obstetrics and Gynecology, School of Med- 
icine, Yokohama City University. 

Reprint requests: Tsuguo Uemura, MD, PhD, Associate Professor, 
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hama City University, 3-9, Fukuura, Kanazawa-ku, Yokohama-shi, 
Kanagawa Pref. 236, Japan. 
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Material and methods 


Desensitization of pituitary cells in vitro. Pituitary 
cells obtained from Wistar male rats were dispersed in 
HEPES dissociating buffer (137 mmol/L sodium chlo- 
ride, 5 mmol/L potassium chloride, 0.7 mmol/L di- 
sodium acid phosphate, and 25 mmol/L HEPES, pH 
7.3) with the use of 0.4% of collagenase type II and 10 
ug/ml deoxyribonuclease H (Sigma Chemical Co., St. 
Louis, Mo.). The final cell suspension (approximately 
10° cells/ml) was cultured with swollen and autoclaved 
Cytodex beads (Pharmacia Biosystems, Piscataway, 
N.J.) at a concentration of 0.1 ml beads/ml of cell sus- 
pension as described by Smith and Vale.’ The bead- 
attached cells were packed into mini-columns (0.6 x 
10 cm, Bio-Rad Laboratories, Richmond, Calif.) and 
superfused at a constant flow rate (0.13 ml/min). The 
cells were first superfused with GnRH and then with 
the test substances; effluent fractions were collected 
at 6-minute intervals and stored at —20° C until as- 
sayed. 

Study of rats in vivo 

Animals and sample collection. Immature Sprague-Daw- 
ley female rats (21 days of age) were administered a 
sustained-release formulation of GnRH agonist (TAP- 
144-SR; D-Leu®-[des-Gly’-NH,] GnRH-EA, Takeda 
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Fig. 1. Rat LH respcnses of bead-attached pituitary cells to 107° mol/L GnRH after continuous 


infusion of 10-8 mol/L GnRH. 
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Fig. 2. Rat LH responses of bead-attached pituitary cells to 50 mmol/L K+ after continuous infusion 


of 10-7 mol/L GnRH. 


Chemical Industries, Ltd., Osaka, Japan) subcutane- 
ously at a dose of 0.94 mg per rat every 4 weeks and 
were killed by decapitation at various time intervals 
after GnRH agonist injection. The pituitaries were har- 
vested under sterile conditions and stored at —70° C 
until subsequent analysis. Trunk blood was collected 
and stored at — 20° C until assayed. 

To monitor the pituitary response to GnRH blood 
samples were obtained by heart puncture under light 
ether anesthesia before and 30 minutes after a sub- 
cutaneous injection of | wg ofa native GnRH (Lutamin, 


Daiichi Medical Co., Ltd., Tokyo, Japan) on days 0, 7, 
14, 21, and 28. 

GnRH receptor assay. With use of a GnRH agonist 
(buserelin; [D-Ser (tBu®) des-gly-NH,"°] GnRH-ethlam- 
ide, Hoechst Japan Co., Ltd., Tokyo, Japan) as a ligand, 
the binding capacity of the raz pituitary was examined 
as described previously." 

Assay of rat LH B-messenger ribonucleic acid. The prep- 
aration of rat pituitary messenger ribonucleic acid 
(mRNA) for assay by dot blct hybridization was per- 
formed as described by Abbot et al.” Briefly, the pitui- 
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Fig. 3. Rat LH responses of bead-attached pituitary cells to 8-bromo-cyclic adenosine monophosphate 


after continuous infusion of 1077 mol/L GnRH. 
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Fig. 4. Changes in ovarian weight during GnRHa treatment (0,94 mg/4 weeks) (mean + SE, n = 5). 


*p < 0.05, **p < 0.01 compared with controls. 


taries were homogenized in 200 wl of homogenization 
buffer and centrifuged at 15,000g. Proteins in the su- 
pernatant were denatured, extracted with phenol, and 
reextracted with chloroform. The RNA was precipi- 
tated overnight with ethanol and 3 mol/L sodium ac- 
etate at ~ 70° C. The RNA was recovered by centrif- 
ugation at 15,000g for 30 minutes and dissolved in 
sterile distilled water. 

A ‘synthetic labeled oligodeoxynucleotide was pro- 
duced as described by Gharib et al.‘ RNA samples of 
5 ug each were applied to a gene hybridization mem- 


brane, which was baked at 80° C for 2 hours before 
prehybridization. The baked membrane was incubated 
at 65° C for 4 hours with 5 ml of prehybridization buffer 
before incubation with 50 to 100 ng of (phosphorus 
32) complementary deoxyribonucleic acid for 3 hours 
at 60° C. After hybridization excess unbound (phos- 
phorus 32) complementary deoxyribonucleic acid was 
removed by sequential washing with constant agitation 
in buffer. After washing, the membrane was dried, 
placed in contact with an X-ray film and autoradi- 
ographed for 16 to 24 hours at — 70° C. The mRNA 
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Fig. 5. Serum rat LH (mean + SE, n = 5), pituitary rat LH 
content (n = 5) and rat LH B-mRNA (n = 3 to 4) from 
0 to 18 hours after GnRH agonist treatment. Levels of rat 
LH B-mRNA are expressed as a percentage of the control. 
*p < 0.05, **p< 0.01 compared with the contro] value 


(hour 0). 


content of each dot was determined by densitometry 
of autoradiograms with a densitometer (Ultrascan XL, 
Pharmacia LKB Nuclear, Gaithersburg, M.D.). _ 
Clinica] study. A GnRH agonist (nafarelin; [D-Ala- 
3(2-naphtyl)*] GnRH, Nippon Syntex KK, Tokyo, 
Japan) was administered intranasally at a dose of 400 
g/day for 3 weeks to eight patients who had polycystic 
ovarian disease and seven infertile patients. Another 
GnRH agonist (TAP-144-SR) was administered sub- 
cutaneously at a dose of 3.8 mg per 4 weeks for 24 
weeks to 16 eumenorrheic patients who had endome- 
triosis. Blood samples were obtained twice a week, ei- 
ther every week or every 2 weeks. Serum levels of LH 
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Fig. 6. Serum rat LH (mean +.SE, n = 5), pituitary rat LH 
content (n = 5), and rat LH B-mRNA (n = 5) from 0 to 28 
hours after GnRH agonist treatment. The levels of rat. LH B- 
mRNA are expressed as a percentage of the controls. 
*p < 0.05, **p < 0.01 compared with controls. 


were examined ‘by radioimmunoassay (RIA) with a 
polyclonal antibody and by immunoradiometric assay 
(IRMA) with monoclonal antibodies. 

_ Hormone assays and statistical analyses. Serum and 
pituitary homogenates were assayed for rat LH by a 
double-antibody RIA technique with rat hormone kits 
supplied by the National Pituitary Agency (NIDDK, 


- USA), and rat LH concentrations were expressed in 


NIH-LH-SI. “Daiichi”? LH-kit (Dalichi Isotope Inc., 
Tokyo, Japan) was used for RIA with a polyclonal LH 
antibody and World Health Organization second im- 
munoreactive plaama—human menopausal gonadotro- 
pin as the standard preparation. A “Spac-S LH-kit” 
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Fig. 7. Serum rat LH before and 30 minutes after native GnRH (1 yg/rat, subcutaneous) admin- 
istration 0 to 4 weeks after GnRH agonist treatment in intact immature female rats (upper panel) 
and in GnRH agonist—treated immature female rats (lower panel) (mean + SE, n = 5). 
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Fig. 8. Effects of GnRH agonist treatment on pituitary GnRH receptor in female rats (mean + SE, 


n = 5). **p < 0.01 compared with controls. 


(Daiichi Isotope Inc.) was used for IRMA with mono- 
clonal LH antibodies and World Health Organization 
first immunoreactive plasma—LH as the standard prep- 
aration. For follicle-stimulating hormone (FSH) deter- 
minations we used the FSH kit “Daiichi” for RIA with 
a polyclonal antibody, World Health Organization sec- 


ond immunoreactive plasma—human menopausal go- 
nadotropin and “Spac-s FSH-kit” for IRMA with mono- 
clonal antibodies, and World Health Organization 
second immunoreactive plasma~human pituitary go- 
nadotropin..Data were subjected to a one-way analysis 


' of variance followed by the Student / test. 


288 Uemura et al. 


700 


350 


LH IRMA (mIU/ml) 


350 
LH RIA (mlU/ml!) 


Fig. 9. Correlation between LH values determined by RIA (LH-RIA) and IRMA (LH-IRMA). 


Results 


Desensitization of pituitary cells in vitro. Pulsatile 
infusion of 107° mmol/L GnRH induced pulsatile se- 
cretion of rat LH, but continuous infusion of 107° 
mmol/L GnRH or 1077 mmol/L GnRH induced a rapid 
and transit increase of rat LH; thereafter the levels of 
rat LH decreased to the pretreatment level within 3 to 
4 hours (desensitization). The desensitization was also 
observed when the pulse amplitude of GnRH was more 
than 1077 mol/L GnRH or when the pulse frequency 
was more than four times per hour. Even after this 
continuous infusion of 107* mol/L or 107 mol/L 


GnRH, the pituitary cells responded to 107° mol/L ° 


GnRH, 50 mmol/L K*, and 3 mmol/L 8-bromo-cyclic 
adenosine monophosphate (Figs. 1 to 3). 

Study in rats in vivo. During the treatment of GnRH 
agonist (0.94 mg/rat) the ovarian weight was 
17.1 + 1.7 mg per ovary (mean + SE) on day 0 and 
18.3 + 0.8 mg on day 3. Thereafter the weights de- 
creased significantly to 15.2 +0.9 mg (control, 
22.9 + 2.3; p< 0.05) on day 7 and 9.2 + 1.7 mg 
(33.2 + 5.8; p < 0.01) on day 28 (Fig. 4). 

The serum concentration of rat LH. increased after 
hour | of treatment (p < 0.05) and continued to rise 
until hour 2 (p < 0.01). Thereafter the levels decreased 
gradually but were higher than those measured in the 
intact control animals on day 3 (p < 0.01). On dav 28 
the concentrations had returned to the control levels. 
Serum rat FSH was also the same level as the control 
(Figs. 5 and 6). l 

Serum rat LH response to GnRH (1 pg) in GnRH 
agonist—treated rats decreased significantly (p < 0.05) 
on day 7 compared with the control group, and this 
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blunted response remained unchanged up to week 4 
after GnRH agonist administration (Fig. 7). 

The pituitary rat LH content decreased gradually 
after GnRH agonist administration. Three hours after 
treatment the rat LH content was significantly lower 
than the basal level; it continued to drop slowly until 
day 3 and then remained unchanged up to day 28 (Figs. 
5 and 6). 

GnRH receptors in the pituitary markedly decreased 
to 17.3 + 2.6 fmol/mg protein (mean + SE) compared 
with the control group (123.2 + 0.8; p < 0.01) on day 
7 and remained at low levels (Fig. 8). 

The rat LH 8-mRNA concentrations in the GnRH 
agonist—treated group were not significantly different 
from those in the control group from 1 to 18 hours 
after GnRH agonist administration, but the mRNA con- 
centrations in the GnRH agonist—treated animals from 
day 3 to day 28 (p < 0.05) were lower than those in the 
control group (p < 0.05) (Figs. 5 and 6). 

Clinical study 

GnRH agonist (nafarelin) administration to eight patients 
who had polycystic ovarian disease and seven infertile patients. 
LH values determined by IRMA (LH-IRMA; Y) and 
those determined by RIA (LH-RIA; X) correlated sig- 
nificantly (r = 0.9472; p < 0.01) except for LH values 
during nafarelin treatment (¥ = 1.45 + 0.3X) (Fig. 9). 
Nafarelin decreased LH-IRMA significantly from day 
7 to day 21 (p < 0.01), but it did not decrease LH-RIA. 
Therefore the ratio LH-RIA to LH-IRMA (LH- 
RIA/LH-IRMA) increased siznificantly from 8.4 + 1.5 
to 17.4 + 2.3 (p< 0.05) at week 3 of nafarelin treat- 
ment (Fig. 10). 

The mean value of serum estradiol decreased from 
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Fig. 10. Changes in LH-RIA, LH-IRMA, and estradiol in blood during treatment with GnRH agonist 
(nafarelin, 400 ug/day) for 3 weeks (mean + SE, n = 15). 


44.1 + 5.9 pg/ml to 16.3 + 2.9 pg/ml after treatment; 
this change was consistent with that of LH-IRMA but 
not with that of LH-RIA. 

GnRH agonist (TAP-144-SR) treatment for patients who 
had endometriosis. The mean LH-RIA was 20.1 + 2.6 
mIU/ml (n = 16) before treatment and did not de- 
crease significantly at week 2 (21.3 + 1.9), week 4 
(16.4 + 0.6), week 16 (14.3 + 2.1), or week 20 
(15.8 + 1.8) of treatment. On the other hand, LH- 
IRMA was 6.5 + 1.3 mIU/ml before treatment and 
decreased dramatically from week 2 (3.3 + 0.5; 
p<0.05) to week 24 (0.5 + 0.01; p< 0.001) of 
treatment. 

FSH-IRMA also decreased more than FSH-RIA, and 
the estradiol levels reflected the changes of LH-IRMA 
and FSH-IRMA more than those of LH-RIA and FSH- 
RIA (Fig. 11). 


Comment 


Treatment with GnRH agonist (0.94/mg/rat/28 
days) did not decrease serum concentrations of rat LH, 
but it inhibited rat LH responses to GnRH agonist start- 
ingon day 7 and decreased ovarian weights significantly 
from day 7 to day 28. Moreover, we have observed that 
these dosages of GnRH agonist delayed vaginal open- 
ing in immature female rats (unpublished data). These 
findings indicate that the dosage of GnRH agonist used 
in this study was large enough to induce pituitary de- 
sensitization within 7 days. 

After treatment with GnRH agonist, the GnRH ag- 


onist binding sites decreased significantly compared 
with those of controls. In the in vitro study desensitized 
gonadotropes responded to potassium, a high dose of 
GnRH, and a cyclic adenosine monophosphate deriv- 
ative, 8-bromo-cyclic adenosine monophosphate, which 
could clearly induce rat LH secretion in nontreated 
pituitary cells.’ These results suggest that the content 
of pituitary rat LH was not exhausted and that desen- 
sitization was mainly caused by an alteration at the re- 
ceptor level. 

The mRNA of the rat LH $-subunit appears to be 
an Important rate-limiting factor in the synthesis of 
mature gonadotropin; therefore the changes in rat LH 
B-mRNA were examined during the down-regulatory 
phase of GnRH agonist treatment. This study showed 
that reduced availability of rat LH B-mRNA was an 
important factor that contributed to the depletion of 
rat LH content in the pituitary from GnRH-desensi- 
tized rats, although rat LH B gene expression was not 
involved in the marked reduction in pituitary content 
during the early stage of GnRH agonist treatment. 

In the clinical study different groups were given dif- 
ferent types of agonists; therefore comparison between 
patient groups is not appropriate. The differences be- 
tween continuous and subcutaneous administration 
versus intermittent intranasal administration are im- 
portant, because continuous administration of GnRH 
agonist has been shown to result in greater inhibition 
of LH secretion than intermittent administration.’ 
Moreover, the dosage of GnRH agonist (TAP-144-SR 
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Fig. 11. Changes in LH-RIA, LH-IRMA, FSH-RIA, FSH-IRMA, and estradiol in blood during 


treatment with GnRH agonist (TAP-144-SR 3.8 
n = 16). 


3.8 mg/4 wk, subcutaneous) was larger than that of 
GnRH agonist (nafarelin 400 g/day, intranasal’, be- 
cause the absorption rate of intranasal administration 
is about 1% to 10%.° Therefore TAP-144-SR sup- 
pressed LH-RIA and LH-IRMA more than nafazelin. 

In this study a disparity between LH-RIA and LH- 
IRMA in the process of gonacotrope desensitization to 
GnRH was demonstrated; that is, the levels of LH-RIA 
did not change markedly, but LH-IRMA decreased 
dramatically during treatment with GnRH agonis:. The 
changes in LH-IRMA were consistent with those of 
serum estradiol. The mechanisms involved in this dis- 
parity after GnRH agonist treatment are uncertain, but 


mg/4 wk, subcutaneous) for 24 weeks “mean + SE, 


increases of immunoreactive molecules such as a-sub- 
unit and LH fragments might be related. These find- 
ings are consistent with the data presented in previous 
reports, that is, that unchanged immunoreactivity of 
serum LH after GnRH agonist treatment is partially 
caused by the cross-reactivity of free a in the LH-RIA’ 
and that common a-subunit gene expression is sus- 
tained in the presence of a pharmacologic concentra- 
tion of GnRH agonist.” 

In the desensitized pituitary FSH-IRMA was also sig- 
nificantly suppressed from week 1 to week 24 and cor- 
related well with estradiol levels; however, FSH-RIA 
suppression was significant only at weeks 2 and 3. It 
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was reported that rat FSH B-mRNA levels were mark- 
edly reduced when gonadotropes were desensitized by 
GnRH agonist and that the effects of GnRH agonist 
on FSH B-nRNA levels were paralleled by its effects on 
LH B-mRNA levels.’ These data also suggested in- 
creases of immunoreactive molecules such as a-subunit 
and FSH fragments. 

These data suggested invotvement of a postreceptor 
mechanism or non-GnRH receptor—mediated mecha- 
nisms, in addition to a receptor mechanism in desen- 
sitization, although chemical characterization should be 
investigated to elucidate the molecular heterogeneity 
observed during GnRH agonist treatment. 


We gratefully acknowledge receipt of the rat LH kits 
from the National Hormone and Pituitary Program, 
NIDDK. GnRH analogs TAP-144-SR, buserelin, and 
nafarelin were kindly provided by Takeda Chemical 
Industries, Ltd., Hoechst Japan Co., Ltd., and Nippon 
Syntex KK. 
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LETTERS TO THE EDITORS 





Myocardial necrosis in a newborn after long-term 
maternal subcutaneous terbutaline for suppression 
of premature labor 


To the Editors: We read with interest the report by 
Fletcher et al. (Fletcher SE, Fyfe DA, Case CL, Wiles 
HB, Upshur JK, Newman RB. Myocardial necrosis in 
a newborn after long-term maternal subcutaneous ter- 
butaline infusion for suppression of preterm labor. AM 
J OBSTET GYNECOL 1991;165:1401-4) detailing a case 
of neonatal myocardial necrosis possibly caused by pro- 
longed subcutaneous terbutaline tocolysis. Unfortu- 
nately, the case as presented lacks a number of cogent 
facts that may have had an impact on the occurrence 
ot fetal adverse events. For instance, during the sub- 
cutaneous therapy how rapid was the fetal heart rate 
(as a possible indication of fetal drug level)? How fre- 
quent were uterine contractions during the reported 
i2-week time period (recognizing the importance of 
repetitive obstruction of the uterine circulation on the 
fetus, compression of the umbilical cord, or both)? 
What was the status of the patient’s diabetes during this 
interval (realizing the effect hyperglycemia, ketosis, or 
both, may have on the fetal myocardium)? And finally, 
what transpired at delivery (e.g., length of labor, route 
of delivery, Apgar scores, cord pH)? We would find it 
extremely difficult to evaluate adequately any event in 
the neonatal course with the paucity of antenatal and 
intrapartum data given in the article. 

However, even more alarming than the lack of in- 
formation was the astoundingly high dosage of ter- 
butaline used both initially and during the last 2 weeks 
of gestation. The usual initial dose of terbutaline given 
subcutaneously via infusion pump is a basal rate of 
0.050 mg per hour.' Even when it is taken into consid- 
eration that the bioavailability cf terbutaline given sub- 
cutaneously is in excess of 90% (compared with oral 
drug), the 0.50 mg per hour reported by the authors 
is literally an overdosage by a factor of 10. Added to 
this are bolus doses of 0.3 mg per hour, resulting in a 
` total dose of 0.80 mg per hour. This yields a total daily 
dose of 19.2 mg per day for the last 2 weeks of preg- 
nancy. This approaches the oral dosages used by some 
authors; these oral dosages can be clinically ineffec- 
tive after short intervals (not to mention the differ- 
ences in bioavailability).? Because it is well known that 
any adverse cardiac effects of 8-sympathomimetic 
drugs are in part related to total dosage, it would be 
no surprise if the mother or the infant were to have 
some ill effects of this clearly excessive level of terbu- 
taline. 

In conclusion, we reiterate that the report by Fletcher 
et al. is, first, difficult to analyze conclusively given the 
lack of appropriate obstetric information. Second, be- 
cause the usual total daily dose of subcutaneous ter- 
butaline for tocolysis (including both basal rate and 
bolus dosages) is on the order of 3.0 to 5.0 mg per Cay, 
it is not surprising that a triple or quadruple overdose 
‘ would have resulted in an adverse event for either 
mother or baby. This result should not negatively in- 
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fluence obstetricians planning tc use subcutaneous ter- 
butaline in appropriate doses for long-term tocolysis. 
Mohammed Bey, MD, and Arnelle C. Blanchard, MD 


Department of Obstetrics and Gyneco-ogy, Louisiana Stale Uni- 
versity Medical School, 1542 Tulane Auve., New Orleans, LA 
70112 

Joanell Darnell, MD, and Kevin Stephens, MD 
Department of Obstetrics and Gynecology, Tulane University Medical 
School, 1430 Tulane Ave., New Orleans, LA 70112 
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Reply 
To the Editors: We thank Bey et al. for their comments. 
They have raised some interesting points regarding 
parts of the obstetric history that were omitted in our 
manuscript because of editorial limitations. The pa- 
tient’s antepartum records indicated that she began re- 
ceiving subcutaneous terbutaline pump therapy at ap- 
proximately 24 weeks’ gestation and continued through 
36 weeks’ gestation. The subcutaneous terbutaline in- 
fusion pump was discontinued at approximately 36 
weeks because of significant maternal side effects, in- 
cluding jitteriness and tachycardia. Fetal tachycardia 
was not identified during the antepartum period, with 
the fetal heart rate recorded as being within normal 
limits at each antepartum visit. Unfortunately the data 
on the frequency of uterine contractions recorded by 
the home uterine activity monitoring device during the 
12 weeks of subcutaneous therapy are not available to 
us. However, the antepartum record indicates that the 
patient’s uterine contractions exceeded protocol limits 
on a daily basis. Antepartum uterine activity monitor- 
ing performed in the obstetrician’s office revealed 
“strings of contractions.” 

The patient also had diet-controlled gestational di- 
abetes. The results of a glucola screen were 145 
mg/dl. This test was followed by a standard oral 3-hour 
glucose tolerance test that revealed abnormal values at 
2 and 3 hours. The patient given a 2000-calorie Amer- 
ican Dietetic Association diet and follow-up fasting; 2- 
hour postprandial blood glucose levels were <100 
mg/dl. The patient was admitted at 37 weeks’ gestation 
in latent phase labor with the cervix dilated to 3 cm. 
After several hours without cervical change, oxytocin 
augmentation was begun. Labor progressed over the 
ensuing 8 hours resulting in delivery of a normal spon- 
taneous vaginal delivery of a 6 lb. 11 oz. infant with 
Apgar scores of 9 and 9 at 5 and 10 minutes. Neither 
umbilical artery nor umbilical vein cord gases were ob- 
tained. The fetal heart rate monitoring was reported 
as being normal throughout labor, and the only anal- 
gesia used was a combination of propiomazine hydro- 
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chloride (Largon) and nalbuphine hydrochloride | 


(Nubane) during the active phase of labor. 


We agree with Bey et al. that the dosages of terbu-. 


taline used both initially and during the last 2 weeks of 
gestation, when the patient complained of increased 
heart rate, palpitations, tremulousness, and anxiety, 
were in excess of those dosages commonly used with 
subcutaneous terbutaline pump therapy. The concerns 
of Bey et al. that the ill effects suffered by this infant 
may be attributable-to this excessive level of terbutaline 
is obviously well taken. | 
The purpose of our article was to report the occur- 
rence of myocardial necrosis that we speculate was 
caused by the subcutaneous terbutaline tocolytic infu- 
sion. The obstetric literature has reported success with 
this type of therapy, and the importance of avoiding 
premature delivery of infants is obvious. As with any 
medication or intervention, the risk/benefit ratio 
should always be considered when prescribing. We 
hope that this case report will stimulate other obstetri- 
cians and pediatricians to report similar occurrences 
and to initiate scientific investigations as to the effect 
of continuous subcutaneous terbutaline infusion on fe- 
tal and neonatal cardiovascular performance. 
Scott E. Fletcher, MD, Derek A. Fyfe, MD, PhD, 
Christopher L. Case, MD, Henry B. Wiles, MD, 
Jane K. Upshur, MD, and Roger B. Newman, MD 


Divisions of Pediatric Cardiology, Obstetrics, and Pathology, 
Department of Obstetrics and Gynecology, Medical University of South 
Carolina, 171 Ashley Ave., Charleston, SC 29425-2233 


Fetal choroid plexus cysts and trisomy 18 


To the Editors: In their article Platt et al. (Platt LD, Carl- 
son DE, Medearis AL, Walla CA. Fetal choroid plexus 
cysts in the second trimester of pregnancy: a cause for 
concern. AM J] OBSTET GYNECOL 1991; 164:1652-6) ar- 
gue that it is reasonable to offer amniocentesis to all 
patients who have ultrasonographically identified cho- 
roid plexus cysts in the second trimester. This view is 
supported by the available prospective literature. Nine 
prospective studies (including that of Platt et al.) pro- 
vide data sufficient to calculate predictive values.'® A 
total of 35,668 patients have been screened in the sec- 
ond trimester, with 324 fetuses having choroid plexus 
cysts (prevalence 0.9%). Excluding the other chromo- 
somal aneuploidies identified, 11 (3.4%) of the 324 fe- 
tuses with choroid plexus cysts had trisomy 18. If 70% 
of these fetuses had ultrasonographically identified 
anomalies that characterized them as being at increased 
risk for trisomy 18,° then 3 (0.9%) of 324 would have 
choroid plexus cysts as the only ultrasonographically 
detected abnormality (predictive value 1 in 108). This 
number lies within current thresholds for amniocen- 
tesis and also corresponds closely to theoretical projec- 
tions based on a sensitivity of 30%, a specificity of 
99.1%, and a prevalence of 1 in 1000 for second-trimes- 
ter trisomy 18.'° The theoretic predictive value of 3.2% 
is independent of associated anomalies. 

Ira M. Bernstein, MD 


Department of Obstetrics and Gynecology, University of Vermont 
College of Medicine, Burlington, VT 05405-1435 


Letters 293 


REFERENCES 


1, DeRoo TR, Harris RD, Sargent SK, Denholm TA, Crow 
HC. Fetal choroid plexus cysts: prevalence, clinical sig- 
nificance, and sonographic appearance. Am J Radiol 
1988;151:1179-81. 

. Furness ME. Choroid plexus cysts and trisomy 18. Lancet 
1987:1:693. 

. Ostlere SJ, Irving HC, Lilford RJ. Fetal choroid plexus 
cysts: a report of 100 cases. Radiology 1990;175:753-5. 
4, Clark SL, DeVore GR, Sabey PL. Prenatal diagnosis of 
cysts of the choroid plexus. Obstet Gynecol 1988;72: 

585-7. 

5. Chan L, Hixson JL, Laifer SA, Marchese SG, Martin JG, 
Hill LM. A sonegraphic and karyotypic study of second- 
trimester fetal choroid plexus cysts. Obstet Gynecol 
1989;73:703-6. 

6. Chitkara U, Cogswell C, Norton K, Wilkins IA, Mehalek 
K, Berkowitz RL. Choroid plexus cysts in the fetus: a 
benign anatomic variant or pathologic entity? Report of 
41 cases and review of the literature. Obstet Gynecol 
1988;72:185-9. 

7. Gabrielli S, Reece EA, Pilu G, Perolo A, Rizzo N, Bovicelli 
L, Hobbins JC. The clinical significance of prenatally di- 
agnosed choroid plexus cysts. AM J OBSTET GYNECOL 
1989; 160:1207-10. 

8. Chinn DH, Miller EI, Worthy LM, Towers CV. Sono- 
graphically detected fetal choroid plexus cysts. ] Ultra- 
sound Med 1991;10:255-8. 

9. Benacerraf BR, Harlow B, Frigoletto BR. Are choroid 
plexus cysts an indication for amniocentesis? AM ] OBSTET 
GYNECOL 1990;152:1001-6. 

10. Hook EB. Chromosome abnormalities and spontaneous 
fetal death following amniocentesis: further data and as- 
sociations with maternal age. Am J Hum Genet 
1983;35:110-6. 


no 


ta 


Reply 

To the Editors: Bernstein has nicely reviewed the pro- 
spective literature with regard to the identification of 
a choroid plexus cyst as an indication for amniocentesis. 
I concur that the main purpose of our article was to 
emphasize that in spite of sophisticated ultrasonogra- 
phy, not all malformations will be detected. Although 
Bernstein’s review does not include this premise, the 
data he presents further emphasize the correlation of 
aneuploidy with choroid plexus cysts even in the ab- 
sence of identifiable malformations. | believe that his 
comments and our article continue to support offering 
amniocentesis to these patients in spite of the apparent 
risk of this procedure. I thank Bernstein for his timely 
comments. 

Lawrence D. Platt, MD 


Department of Obstetrics and Gynecology, Cedars-Sinai Medical 
Center, 8700 Beverly Blud., Los Angeles, CA 90048 


Laser therapy for intraepithelial cancer 
of the vagina 


To the Editors: We were most interested in the article by 
Hoffman et al. (Hoffman MS, Roberts WS, LaPolla JP, 
Fiorica JV, Cavanagh D. Laser vaporization of grade 3 
vaginal intraepithelial neoplasia. AM J OBSTET GYNE- 
COL 1991;165:1342-4) because we recently published 
an article on the same subject.’ 

The conclusions of Hoffman et al. are the complete 
opposite of ours. We do agree with Hoffman et al. that 
careful evaluation and an accurate appraisal of the ex- 
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tent and severity of the disease should be made before 
laser therapy and that every mode available for eval- 
uation and appraisal should be used. Multiple selected 
bicpsies are most important to rule out the possibility 
of underlying invasive disease. 

However, we believe that once invasive disease has 
been ruled out a laser ablation of the affected area and 
its immediate surrounding tissue is the best way to elim- 
inate preinvasive disease and give the patient the best 
result with the least degree of morbidity and compli- 
cations and with improved subsequent sexual functicn. 
Some authors' who have dealt with this problem c:te 
the difficulty of the technical ability to eradicate ace- 
quately those pits and deep scars that may occur in the 
vault of the vagina and in the corner recesses. We be- 
lieve cur technique allows us to apply the laser therapy 
accurately and adequately to accomplish the result. The 
use of appropriately placed wire sutures allows bet-er 
visualization and accessibility of the laser beam to the 
tissue. In addition, the use of submucosal infiltration 
allowed us to accomplish our published results. Since 
the publication of our article our continued successful 
results have convinced us of the appropriateness of the 
procedure with the guidelines suggested. Further- 
more, we are sorry that Hoffmen et al. did not find it 
convenient to include our article in their list of refer- 
ences. ' l 

Alfred I. Sherman, MD 


Department of Obstetrics and Gynecology, Sinai Hospital, 6767 West 
Outer Dr., Detroit, MI 48235 
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Reply 


To the. Editors: | indeed overlooked Sherman’s article, — 


and I apologize to him for this. I have now reviewed 
‘his article and find that it contains a large series of 
patients who were successfully treated by laser vapor- 
ization.’ The successful treatment in his study was at- 
tributed to patient selection, infiltration of fluid -nto 
the submucosa, and the use of wire sutures for exposing 
scarred and recessed areas. We have also used sub- 
mucosal infiltration in some patients and have found 
it helpful for hemostasis, but we have not used it in the 
manner described by Sherman. We and others have 
also used skin hooks in a manner probably similer to 
the wire sutures to gain exposure to recessed areas We 
Hind the techniques described by Sherman to be inter- 
esting and will certainly consider using them in the 
future. Our findings and conclusions on the bas.s of 
our experience with grade 3 vaginal intraepithelial neo- 
plasia are quite different from those of Sherman’s, and 
there may be reasons for these differences besides tech- 
nique. Although all of our patients had grade 3 intra- 
epithelial neoplasia, it is unclear whether this was the 
case in Sherman’s paper. Our study was much smaller 
than Sherman’s and it would not be appropriate to 
make a more in-depth comparison between the two 
studies. We, however, are particularly concerned zbout 
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the use of laser vaporization for grade 3 vaginal intra- 
epithelial neoplasia diagnosed at or near a vaginal cuff 
scar, particularly when there is marked distortion. 
around this area or when the previous hysterectomy 
had been done for squamous cell neoplasia. In our 
limited experience with such patients we have seen a 
high rate both of recurrence and of occult invasive 
carcinoma.’* 

Mitchel S. Hoffman, MD 


Diviston of Gynecologic Oncology, Moffit Cancer Center, University 
of South Florida, 12902 Magnolia Dr., Tampa, FL 33612-9497 
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Initiation of antepartum testing in the 
hypertensive gravid woman 


To the Editors: We read with interest the article by Pircon 
et al. (Pircon RA, Lagrew DC, Towers CV, Dorchester 
WL, Gocke SE, Freeman RK. Antepartum testing in 
the hypertensive patient: when to begin. AM J OBSTET 
GYNECOL 1991;164:1563-70). We are concerned that 
their conclusions are not substantiated by the data as 
presented. The stated purpose of their investigation 
was to determine the gestational age at which antepar- 
tum testing should begin in various subgroups of hy- 
pertensive gravida women. However, the data do not 
tell the reader how many or with what frequency - 
antepartum tests were done at various gestational 
ages. 

We are concerned that the study analyzed the data 
as the percentage cf abnormal antepartum tests per 
number of patients. To determine the sensitivity and spec- 
ificity of any test, the results must be analyzed as the 
percentage of abnormal tests per number of tests performed 
at a given gestational age. Only in this way can mean- 
ingful conclusions be drawn regarding the differential 
use of these tests in various subgroups of patients with 
hypertension. For example, if diabetic and nondiabetic 
patients with hypertension are equally at risk for ab- 
normal test results but the patients with diabetes are 
tested earlier in pregnancy ard more often, it is to be 
expected that the patients with diabetes would have a 
higher percentage of abnormal test results per patient. 
However, the patients with diabetes would have the 
same percentage of abnormal test results per number of 
tests performed. 

In addition, we were unable to delineate the test re- 
sults by group and by subsequent management. Are 
the 53 patients with positive contraction stress tests in- 
cluded in the 119 with “abnormal test results”? Were 
the abnormal test results separated into the categories 
of abnormal contraction stress test, abnormal nonstress 
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test, and abnormal biophysical profile? The data also 
fail to indicate how often and under what circumstances 
an abnormal test result was ignored and the pregnancy 
allowed to continue for an extended period. 

The statement of Pircon etal. that antepartum testing 
in diabetic patients with hypertension should be started 
at viability is apparently based on the two late second- 
trimester stillbirths that occurred during the study pe- 
riod. Pircon et al. acknowledge that both fetuses had 
true knots in the umbilical cords; these knots could have 
had a role in their deaths. Are there data demonstrat- 
ing that diabetic patients with hypertension are at in- 
creased risk of umbilical cord knotting resulting in still- 
births? 

The question of when to begin fetal testing in patients 
with hypertension is extremely important. A retro- 
spective analysis could be quite informative. We believe 
that the data presented by Pircon et al. should be rean- 
alyzed, taking into account the number of tests per- 
formed at any given gestational age, with a more com- 
plete data presentation. Then justifiable conclusions 
could be drawn as to when antepartum testing should 
be initiated in the patient with hypertension. 

Avick G. Mitra, MD, and Wiliam N.P. Herbert, MD 


Division of Maternal-Fetal Medicine, Department of Obstetrics and 
Gynecology, University of North Carolina School of Medicine, CB# 
7570, Chapel Hill, NC 27599-7570 


Reply 
To the Editors: We thank Mitra and Herbert for their 
interest in our study of antepartum testing in patients 
with hypertension. The answers to their questions can 
be found in the text of our original publication; how- 
ever, we are happy to review the results again. Our 
objectives were to evaluate when fetal compromise oc- 
curs in this patient population and to make recom- 
mendations as to when to initiate antepartum testing. 

Contrary to the suggestion of Mitra and Herbert, the 
data were not analyzed as a percentage of abnormal 
antepartum tests per number of patients. We were not 
interested in the age-old issue of sensitivity or specificity 
of a testing method in patients with hypertension; 
rather, we were interested in when compromise occurs. 
We defined compromise by several parameters, one of 
which was a positive contraction stress test. Test results 
were recorded prospectively and were retrospectively 
queried by first positive test, not by the number of 
positive tests the patients had. In evaluating the data 
in this fashion we found that hypertensive patients with 
concomitant diagnoses of diabetes demonstrated com- 
promise at an earlier gestational age when compared 
with hypertensive patients without diabetes. 

Subsequent management was not the topic of study. 
When patient management is modified because of an 
antepartum test, there is evidence of fetal compromise. 
To reiterate, we were interested in when this occurred. 
We all agree that follow-up of an abnormal test can be 
managed numerous ways. Although it seems that Mitra 
and Herbert have expressed an interest in our man- 
agement protocol, that protocol would not affect our 
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results or our conclusions in this study. Consequently 
we do not believe it is appropriate to review that topic 
here. 

We recommended that testing in the diabetic patient 
with hypertension start at viability. As listed in our orig- 
inal publication, this was based on two observations. 
First, there were two patients with late second-trimester 
stillbirths and concomitant diagnoses of a true knot in 
the umbilical cord. It is difficult to attribute the losses — 
solely to the knots in the cords because this is a common 
finding at the deliveries of normal, viable term infants. 
We did not suggest that there is an increased risk of 
cord knotting in diabetic patients with hypertension. 
Second, a clinician would prefer to initiate testing in a 
patient before fetal compromise. The earliest gesta- 
tional age that intervention was necessary in the diabetic 
patient with hypertension was 28 weeks. Therefore test- 
ing would need to start at 26 to 27 weeks or near the 
time of viability. 

Richard Pircon, MD 
St. Joseph’s Medical Center, 5000 W. Chambers St., Milwaukee, WI 
53210 

Roger Freeman, MD 


Memorial Women’s Hospital, 2801 Atlantic Ave., Long Beach, CA 
90801 


Legal thoughts on malpractice claims: Causes 
and prevention 


To the Editors: As a professor of consumer law married 
to a physician, I read with great interest Ward’s article 
(Ward CJ. Analysis of 500 obstetric and gynecologic 
malpractice claims: causes and prevention 1991; 
165:298-306). I believe the article would have been im- 
proved and Kirkley’s comments muted by a change in 
the classification method. Ward divides the cases into 
“defensible” and “indefensible,” and Kirkley has a 
number of problems with this categorization. So do I, 
but for a different reason. There is simply no division 
in the law which corresponds to the defensible-inde- 
fensible dichotomy. The law divides cases into three 
categories, not two. In the first the plaintiff has no case 
and the defendant wins on summary judgment. In the 
second the defendant has no case and the plaintiff wins 
on summary judgment. In the third the issue is pre- 
sented to the jury for determination of the disputed 
facts. Given Ward's description of his method it would 
appear that most, though not all, of his indefensible 
cases fall into the second category, where the plaintiff 
might win on summary judgment. The defensible cases 
would be in the other two categories. However, even if 
a case can be made for a physician’s actions, it does not 
mean that the physician will win. 

Ward’s article may give physicians the unwarranted 
belief that if they lose a “defensible” case, the system 
has somehow failed them presumably because of per- 
jured expert testimony, idiot Jurors, and corrupt law- 
yers. This is simply not the law, just as it is not the law 
that a bad outcome means that there was malpractice. 
The legal system recognizes that there are often factual 
disputes on which reasonable people can differ and 
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assigns the resolution of such disputes to juries. The 
burden of proof is only the preponderance of the ev- 
idence that the physician violated the appropriate stan- 
dard of care. In a standard of preponderance of the 
evidence we accept that there will be a certain number 
of “incorrect” verdicts and that verdicts do not establish 
truth but only solve the operative question of who wins 
the case. This type of error is inherent in the legal 
system. Including this understanding in the method 
used in the research would’ make the conclusions of 
much greater practical use. 

I do not mean this comment to imply criticism of the 
obvious effort and skill Ward brought to this difficult 
issue and the real value of his advice to physicians (I 
assume the statement that human papillomavirus is 
“not” a likely cause of cervical cancer ts a typographical! 
error). However, I have a few replies to the comments 
of the other discussants. 

Kirkley confuses the “standard of care” required by 
the law with the practice patterns of the “20,000 to 
30,000 members of the American College of Obstetri- 
cians and Gynecologists who actually establish the stan- 
dard of care in their localities.” The standard of care is 
not how the typical physician practices any more than 
it is how the typical driver drives. The typical driver is 
negligent some of the time. Good drivers and good phy- 
sicians sometimes make mistakes. with terrible conse- 
quences. The standard of care is an abstract ideal, and 
it is possible for an entire professton or industry to fall 
below a standard of care at least some of the time. 

I am surprised that Kirkley’s admonitions against 
changing medical records are seemingly based on the 
probability of being caught rather than the fact that 
changing records is a disgraceful, unethical act by any- 
one who claims to be a physician. I also question his 
statement that you “never tell a patient that you did 
wrong.” Physicians owe patients a fiduciary duty to dis- 
clase errors. Failure to comply with this duty is itself ac- 
tionable, and more practically may extend the statute of 
limitations under a theory of fraudulent concealment. 

As a professor I was appalled that Blanchard would 
try to use a department chair to “take a stand” against 
an expert testifying in litigation. Virtually all states have 
civil or criminal penalties for those who tamper with 
witnesses in civil litigation, and any decent university 
respects the academic freedom of its professors. 

Ward’s article is a useful addition to the medical-legal 
literature. I only add that the real goal is not to avoid 
liability, but to avoid the injury that leads to the claim 
of liability. 

Vincent Brannigan 
University of Maryland, College Park, MD 20742 


Reply 
To the Editors: | appreciate Brannigan’s comments and 
attention to my manuscript. His comment concerning 
human papillomavirus was correct. The “not” was a 
typographic error. The sentence from my article should 
have read “Human papillomavirus is now considered 
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to be a likely cause of cervical cancer, even though 
Koch’s postulates have not been fulfilled.” 

I recognize the insightful comments regarding def- 
initions of “indefensible” and “defensible.” In this 
study all the claims reviewed were open claims and not 
settled cases. Judgments were made without the benefit 
of the opinion of a jury; therefore the third category 
referred to by Brannigan could not have been used. 

In reviewing a claim, if the medical evidence or lack 
of same revealed a breach in the standard of care re- 
sulting in damage, then the claim was deemed inde- 
fensible and settlement was advised. However, if mal- 
practice did not exist, I classified the case as defensible. 
In these latter claims I recommend that the case be 
defended, even if a defendants summary judgment 
was not obtained. 

Charles J. Ward, MD 
465 Winn Way, Suite 140, Decatur, GA 30030 


Laparoscopic hysterectomy: Reinventing 
the wheel? 


To the Editors: Laparoscopic surgery is back on the 
scene. Ten years ago it might have been predicted 
that laparoscopy would be a dying procedure re- 
placed by more advanced assisted reproductive tech- 
nologies. However, the development of conventional’ 
and laser® * laparoscopic accessories and the incorpo- 
ration of video imaging technologies’ into the arma- 
mentarium of the endoscopic operating theater has 
made it possible to perform more radical procedures 
safely and to establish training programs for advanced 
laparoscopy. 

On the other hand, aggressive marketing of medical 
treatments coupled with public knowledge fed by eager 
journalism may be creating a misinterpretation of 
“new” applications such as “laparoscopic hysterec- 
tomy.” At a recent international scientific event one of 
the keynote speakers stated “... none of my patients 
accept any longer the idea of conventional hysterec- 
tomy.” These types of comments subsequently become 
headlines in women’s magazines, proclaiming “New 
way of removing your womb.” 

The situation is reminiscent of Hans Christian An- 
dersen’s famous story, “The Emperor’s New Clothes.” 
Is this procedure new? Or is it in fact a laparoscopy- 
assisted vaginal hysterectomy or sometimes a laparos- 
copy-monitored vaginal hysterectomy? An experi- 
enced vaginal surgeon can perform a vaginal hyster- 
ectomy (with or without adnexectomy’} in <25 
minutes.® Sir Norman Jeffcoate stated, “vaginal hyster- 
ectomy has an important place, not as a part of an 
operation for prolapse, but as the best means of re- 
moving the uterus when prolapse is not present.” Al- 
though there are indications in which laparoscopic as- 
sistance for adhesiolysis, confirming diagnosis, or min- 
imizing complications are beneficial, it is doubtful that 
potential candidates for surgery who prefer the “mod- 
ern approach” are even aware of proper patient selec- 
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tion. In a recent presentation of supracervical (real) 
laparoscopic hysterectomy* the question of its place and 
potential hazards were critically discussed. 


Having been involved with the development of endo- ` 


scopic accessories and techniques in the last 13 years, 
I truly believe that future surgery is connected to en- 
doscopes. The sooner a gynecologist becomes familiar 
with the endoscopic equipment, different hand-eye co- 
ordination with video monitors, and proper patient se- 
lection the better. However, as one of Joel Cohen’s past 
residents, I believe that the following message should 
be delivered: Let’s not (1) forget the classic approach 
or (2) reinvent the wheel or even replace it with “square 
wheels.” Let’s be honest with each other and recognize 
what is really new. Present technology offers enough 
room for new ideas. 

Yona Tadir, MD 


Department of Obstetrics and Gynecology and Beckman Laser Institute 
and Medical Clinic, 1002 Health Sciences Road East, Irvine, CA 
92715 
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Announcements of major meetings and other significant activities must be 
received at least 8 weeks before the desired month of publication. All an- 
nouncements carry a charge of $60.00 U.S. per insertion and the fee must 
accompany the request to publish. Information will be limited to title of 
meeting, date, place, and an address to obtain further information. Send 
announcements and payment, payable to this JOURNAL, to Kay G. Goehler, 
Senior Manuscript Editor, Journal Editing, Mosby—Year Book, Inc., 11830 
Westline Industrial Drive, St. Louis, MO 63146-3318. 


The Harvard Medical School, Department of Contin- 


uing Education, and The Massachusetts Gen- 
eral Hospital, Department of Gynecology, are 
presenting a postgraduate course in: Vaginal 
Surgery, directed by David H. Nichols, MD, 
on October 9, 10, 11, 1992, at The Ritz-Carl- 
ton Hotel, Boston, Massachusetts. For infor- 
mation contact: Harvard Medical School, De- 
partment of Continuing Education. Tel.: (6173 
432-1525. 


Tenth BIRTH Conference, Innovations in Perinatal 
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Care: Assessing Benefits and Risks, October 
31—November 1, 1992, Boston Park Plaza Hc- 
tel, Boston, Massachusetts. For information 
please contact: Diony Young, Editor, Birth, 43 
Oak St., Geneseo, NY 14454. Tel.: (716) 243- 
0087. 


Bound volumes available to subscribers 


Courses sponsored by University of California, Ir- 


vine, and Long Beach Memorial Medical 
Center. For information contact the Center 
for Health Education. Tel.: (310) 595-3811. 


July 29—August 1, 1992, 10th Controversies 
OB/GYN, Mauna Kea, Hawaii . 

November 16-21, 1992, 15th Annual 
OB/GYN Review, Costa Mesa, California 

January 13-17, 1993, 8th Annual 
Perinatal Symposium, Beaver Creek, 
Oregon 

February 27—March 6, 1993, 14th Annual 
Current Topics in OB, Aspen, Colorado 

March 25-27, 1993, Gynecologic Surgery, 
Rancho Las Palmas, California 


Bound volumes of the AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY are avail- 
able to subscribers (only) for the 1992 issues from the Publisher, at a cost of $68.00 for 
domestic, $95.76 for Canada, and $91.00 for international for Vol. 166 (January-June) 
and Vol. 167 (July-December). Shipping charges are included. Each bound volume contains 
a subject and author index and all advertising is removed. Copies are shipped within 60 


days after publication of the last issue in the volume. The binding is durable buckram with 
the JOURNAL name, volume number, and year stamped in gold on the spine. Payment must 
accompany all orders. Contact Mosby—Year Book, Inc., Subscription Services, 11&30 Westline 
Industrial Drive, St. Louis, MO 63146-3318, USA; phone (800) 325-4177, ext. 4351, or 
(314) 453-4351. 

Subscriptions must be in force to qualify. Bound volumes are not available in place 
of a regular JOURNAL subscription. 





WOMEN & INFANTS HOSPITAL 
OF RHODE ISLAND 
Department of Obstetrics and Gynecology 
Specialist in Maternal-Fetal Medicine 
and Genetics 


Women & Infants Hospital of Rhode Island, is seeking a physi- 
cian to serve as a specialist in Maternal- Fetal Medicine and 
Genetics. The Hospital cares for 9500 births per year and 
houses a 65 bed Level ili neonatal unit. The Division is com- 
posed of five MFM faculty, an internist, two MFM fellows and 
two Masters level genetic counsellors. Division staff actively 
collaborate with a biochemist and a cytogeneticist at WIH, both 
of whom are active, funded researchers focused on prenatal 
diagnosis. The Division is housed in newly constructed office 
space in the hospital and has a new 6000 square foot Prenatal 
Diagnosis Center providing genetic counselling, sonography, 
amniocentesis, GVS and PUBS. The person assuming this po- 
sition will function as Director of Prenatal Diagnostic Services 
and will. also be expected to share clinical responsibilities for 
MFM patients. Candidates must b2 certified in or be active 
candidates for Medical (or Clinical) Genetics (American Board 
of Medical Genetics) and Obstetrics and Sec (American 
Board of Obstetrics and Gynecology) at the time of taking the 


poson Completion of an Hai fellowship in Maternal- 
etal medicine is highly desirable. The candidate should be 
actively engaged in a defined area of research, have a proven 
interest in medical education, and qualify for a full- -time appoint- 


ment at the rank of Assistant or Associate Professor at Brown 
University. Women & Infants Hospital and Brown University 
are equal employment opportunity institutions. 


Interested pallies Should send their curriculum vitae and the 
names of three references to Marshall W. Carpenter, Director 
of Maternal-Fetal Medicine, Women & Infants Hospital of Rhode 
Island, 101 Dudley Street, Providence, Rhode Island 02905- 
2401 by september 1, 1992. Screening will begin on that date 
and continue until a candidate is selected or the search is closed. 


October 24 — 30, 1992 


e Chicago » 





A comprehensive review for all practitioners, whether experienced or 
newly in practice. Program includes a Review of Case Lists, which 


FACULTY POSITION IN OB/GYN 
MATERNAL-FETAL MEDICINE 


Wright State University Schoo! of Medicine, Depart- 
ment of Obstetrics and Gynecology, invites applica- 
tions for a full-time faculty position in maternal-fetal 
medicine atthe Assistant/Associate Professor level. 


Primary faculty duties will consist of medical student 
and resident teaching and supervision. Other duties 
will include full participation in clinical care activities 
of the night and week-end coverage of Labor and 
Delivery. The candidate must be licensabie to prac- 
tice medicine in Ohio. Other qualifications include 
board certification in obstetrics and gynecology and 
completion of a fellowship and board certification or 
active candidacy in Matermnal-Fetai Medicine. Aca- 
demic rank and salary dependent upon qualifica- 
tions. Women and minorities are encouraged to 
apply. Please send curriculum vitae and the names 
and addresses of three references to: 


Dennis D. Barber, M.D. 

Chair and Program Director 
Department of Obstetrics and Gynecology 
Wright State University School of Medicine 

One Wyoming Street 
Dayton, Ohio 45409 


All applications received by August 15, 1992, will be 
considered; if the position is not filled therefrom, ap- 
plications will be considered as received until the 
position is filled. Wright State University is an Affirma- 
tive Action and Equal Opportunity employer. 











ar he National Center 
<&) for Advanced 
A Medical Education 
“© CME of Distinction Since 1932 


gives you opportunities to ask faculty experts about cases of special Formerly 


concern to you, plus an optional Microscope Slide Review. 


The Cook County Graduate School of Medicine 
For more information, call 


Coming in 1993... toll-free anytime 
High- Risk Obstetrics (Sea Island, Georgia), March 22 — 25, 1993 l- 800- 621 -4651 = 
Specialty Review in Obstetrics and Gynecology, May 9 — 15, 1993 or write to us at 7 Y ih, 0D 

I al Tech 707 South Wood Street £ ps as N 
Gynecologic Surgic Tec niques, August 19 — 21, 1993 Chicago, Illinois 60612 F37 % ; 7 


ESTABLISHED 
PRACTICE — 
NORTHERN: 
NEW JERSEY 


° Emphasis on High Risk Obstetrics 


and Outpatient Gynecology | 
. One. Hospital 


Access to Resident and Medical 


Student teaching programs—clini- : 


cal faculty appointment available 


, ‘Competitive - salary and: excellent i 


benefits 
Please contact 


James P. Thompson, `M. D. 
_Norchview Office Park. 
_. 1035 Route: 46 East 
Clifton, New Jersey 07013. 
= 201-472-5799 ~ 


ILLINOIS 


Exciting opportunity for BC/BE OBG to join a thriv-. > 
ing practice and associate with a progressive. med- 


-ical facility in a beautiful community. This hospital 


has women’s health services, prenatal education, 
and Level Il nursery.. Great salary with benefits. 


This delightful area has four distirct seasons and. 


nationally rated schools, 4-year university, and 


many recreational facilities. Contact: Steve Shas- l 


teen or Elise Cantrell. 


METRO ATLANTA 


Outstanding practice opportunities in suburb of At- ` | 
lanta for BE/BC obstetricians. Multiple practice op- - 


tions: group, partnership, solo, all. with excellent: 
compensation packages. Prosperous, well- 


equipped hospital, new 18-bed LDRP and Level il - 


. Nursery. Outstanding schools. Splendid standard 


40A 


of living, unparalleled recreatioral opportunities 


complement life's abundant amenities near coun- f 
try’s most popular southern city. A Mary Cay . 
Burke. ; 


Tyler & Company °” 

1000 Abemathy Rd., NE, Suite 1400 
Atlanta, GA 30328-5655 

- Call: 1-800-883-8803 FAX: 404-396-6693 . ° 





MATERNAL- 
FETAL MEDICINE 


The University of Louisville Depart- 
. ment of OB/GYN is actively recruiting | 
faculty (rank open) to its MFM Divi- 
sion. An attractive balance of teach- 
ing, research and clinical activity with 
a very competitive income is offered. 
~The U of L is.an Equal Employment 
‘Opportunity institution. Interested indi- 
viduals should send curriculum vitae 
to me or contact me at (502) 588- 

1913. 
| -JL A. Spinnato, M:D. 
Director, Division of Maternal-Fetal 
_ Medicine 
_ Dept. of OB/GYN, 
University of Louisville 
‘Louisville, KY 40292 





The University of Manitoba 


; na FACULTY POSITION 
. UM REPRODUCTIVE ENDOCRINOLOGY 


The Department of Obstetrics, Baca & Reproductive Sci-- 
ences, University of Manitoba and Health Sciences Centre is seek- 

: ing a Reproductive Endocrinologist for a contingent geographical 
. «full time position to assist in providing a full range of tertiary 
clinical service, resident and medical student teaching, and to 

_ Participate in research activities. Candidates must have Senior 
specialty qualifications in Obstetrics and Gynecology in the country 

of current practice, .2 years subspecialty training or related experi- 
ence in Reproductive Endocrinology, and be eligible for registra- ` 
tion with the Collage of Physicians and Surgeons of Manitoba. 

. Certification in Obstetrics and Gynecology by the Royal College 
of Physicians and Surgeons of Canada is preferred. Experience 

. in LV.F., Endoscopic Surgery, clinical teaching and research de- 
"sirable. Salary and academic rank will be commensurate with 

. experience and qualifications. 


“ The University of Manitoba encourages applications from qualified 
women and men, including members of visible minorities, aborig- 
inal people, and persons with disabilities. The University offers 
a smoke free environment, save for specially designated ‘areas. 
Priority consideration will be given to Canadian citizens and per- 
manent residents. 


Interested candidates should aaah in writing by AUGUST. 15, 
1992, enclosing a curriculum vitae, to: JEREMY KREDENTSER, - 
_ M.D. UNIVERSITY OF MANITOBA, DEPARTMENT OF OBSTET- 


RICS & GYNECOLOGY, 59 EMILY STREET, WINNIPEG, MAN- 


TOBA, R3E 1Y9, CANADA. 





CHIEF Or OBSTETRICS 
AND GYNECOLOGY 


The Stamford Hospital, a 305 bed reaching 
hospital located in southern Connecticut, is seeking 
a Chief of the OB/GYN service. The Stamford 
Hospital is a teaching affiliate of the New York 
Medical College. The primary focus will be the 
management of the 8 slot residency program and its 
integration with 3 other teaching programs. 

The successful candidate will have a compre- 
hensive background in all aspects of obstetrics and 
gynecology with an emphasis on teaching and 
research and an interest in perinatology. 

Please send CV and any special requirements to 
Search Committee c/o Michael Staples, The 


Stamford Hospital, P.O. Box'9317, Stamford, CT 
06904-9317. An equal opportunity employer 
M/F/H/V. | 


The Stamford Hospital 


THE DEPARTMENT OF OBSTETRICS AND GYNECOLOGY 
UNIVERSITY OF WISCONSIN MEDICAL SCHOOL 


is seeking applicants for two (2) full-time faculty positions for a 
new women’s health center and academic program at its Milwaukee 
Clinical Campus. 


Sinai Samaritan Medical Center has recently consolidated its obstet- 
rical and gynecological services in a redesigned facility in downtown 
Milwaukee. The department supports a residency program, the 
largest perinatal service in Wisconsin (5500 deliveries), consultative 
ultrasound, genetic and infectious disease programs, and reproduc- 
tive/endocrine services (including an [VF program). The department 
is affiliated with Planned Parenthood of Wisconsin and St. Luke's 
Medical Center in Milwaukee. 


Qualifications include a board candidacy or certification in obstetrics 
and gynecology and a commitment to teaching residents, medical 
students, and clinical research. Qualifications for the two positions 
for GENERAL OB/GYN can take into consideration special individual 
interests. Special expertise of interest for the department are: 


— STATEWIDE FAMILY PLANNING 
(Part-time medical director, Planned Parenthood) 
—OPERATIVE LAPAROSCOPY, HYSTEROSCOPY 
— UROGYNECOLOGY 
—OB/GYN ULTRASOUND 
Private practice opportunities are also available in an associated 
offsite multispecialty clinic and all faculty members participate in 
a group practice at the institution. Contact: 
Chester B. Martin, M.D. Fredrik F. Broekhuizen, M.D. 
Chairman Chairman and Chief 
Department of Obstetrics and Milwaukee Campus 
Gynecology Department of Obstetrics/ 
University of Wisconsin Gynecology 
Medical Schl. University of Wisconsin 
600 Highland Avenue, Medical Schi. . 
H4/654 CSC Sinai Samaritan Medical Center 
Madison, WI 53792 2000 West Kilbourn Avenue 
Milwaukee, WI 53233 
(414) 937-5600 
The University of Wisconsin Medical School is an equal opportunity employer 





AUSTRALIA 


Staff 
Director/Specialist 


Department of Medical Imaging 


This isan excellent qualifications recognisable in 
opportunity for a qualified Australia. The position is 
medical practitioner to join available ona full time or 
the Royal Hospital for part time basis, and salary 
Women - 204 bed, teaching and conditions will be in 
hospital of the University of accordance with the Medical 
New South Wales. Officers - Hospital Specialists 
Asdirector of the Department (State) Award. 

of Medical Imaging, you will Applicants should indicate 
be responsible for the whether they wish to be 
administration of the considered for the position 
department, together with of Director of Medical 
continuing the high Imaging. 

quality of clinical, teaching Further details are available 
and research work the from Dr P. Garvey on 
department is world- (612) 339-4139. 

renowned for. Send applications by 
Extensive experience in 28 August, 1992 to: 
diagnostic ‘ultrasound and The Director of Medical 
strong research skills are Services, Royal Hospital for 
vital, asare OTE . Women, 188 Oxford 
specialist oe > Street, . 
obstetrical ESEA temeeascegen Paddington 
orradio- 422245 LSE RAO POR 2D, NSW 2021 
logical ee 2 Australia. 
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WHERE WOMEN'S HEALTH COMES FIRST 





Primary Care Our 





Primary Concern 


geen ie f 


With a commitment to excellence and a focus on the totai needs 
of each patient, Riverside Medical Center blends a ‘primary’ 
approach with major centers of excellence in cardiology, 
chemical dependency, mental health, neuro-sensory, obstetrics 
and orthopedics. 


Picture yourself as a physican partner in the Minneapolis/St. 
Paul area's most comprehensive, integrated, primary care-based 
system of health care. i 


Positions available for board-certified and board-eligible 
Obstetrician/Gynecologists. 


Riverside Medical Center... l 
where primary care is our primary concern. 


Zs 





Riverside Medical Center 
A joint venture of St. Mary's and Fairview Riverside hospitals 
Contact: Natalie Odell 
Fairview Clinic Services 
600 West 98th St, Suite 390 
Bloomington, MN 55420 


612-885-6224 1-800-842-6469 





CHARLOTTE, NORTH 
"CAROLINA — 


DIRECTOR OF 
PERINATOLOGY. 


The Carolinas’ leading maternity hospital with — 


over 6,500 deliveries per year, Presbyterian 
Hospital, is seeking a BE/BC PERI- 
NATOLOGIST to develop comprehensive 
Maternal and Fetal Medicine services for this 
642-bed, not-for-profit regional. acute care 
center. Candidates will find many excellent 
services with over 80 OBG's on staff, a level 
(ll NICU with 24-hour neonatology coverage, 
excellent. antenatal, postpartum, laboratory 
and pathology services; as well as a new 
geneticist starting this fall. Appropriate candi- 
dates will have 2-5 years experience, strong 
interpersonal and communication.skills, enjoy 
a team approach, and offer some administra- 
tive and marketing expertise. Contact: Mary 
Wynkoop, Tyler & Company, Suite 1400, 
1000 Abernathy Road, NE, Atlanta, Ga, 
30328. 800-883-8803, or 404-396-3939. Fax: 
404-396-6693. Your inquiries will be vanes 
Sone aren | 


OB/GYN Opportunity in- 


North Carolina 


The Rural Health Group, Inc. in Jackson, 
NC invites you to practice OB/GYN in an _ 
area where your patients appreciate the. 
service you provide-and respect a will- — 


ingness to serve. 


Be part ofa multi- -disciplinary team includ- 
ing 2 OBs, 3 FPs, 1 IM and several PAs, 


working in a modern, well equipped facil- 


ity. You will receive an attractive compen- 
sation package, plus have your medical 
school loans repaid. 


_ Rural Health Group, Inc. offers an oppor- 
_ tunity to serve, and a. quality lifestyle in 


-an area only four hours from Washington, 


DC, and less than two hours from Raleigh, 
NC and Richmond, VA. 


For more information, please call Bill 


Remmes, Executive OGION at (919) 


534- 1661. 


PERINATAL ASSOCIATES OF. 
NORTHERN CALIFORNIA 


- Are you a Clinical perinatologist? There is still 


time to join 4 perinatologists and one medical 
geneticist looking for one more perinatologist 


_ .who: desires superior environment for patient 


care, in a private, modern level 3 facility doing 
6,000 deliveries a year with superior perinatal 
outcome; likes personal, direct hands-on pa- 
tient care; needs PUBS, IUTxF, CVS and 
complicated pregnancies, level 2 ultrasound; 
demands partners, not superiors; wants to live 


in clean, warm, not humid, snow-free (but 60 
_ minutes from skiing) Sacramento, California; 


feels one’s family has priorities; and is com- 
mitted to the private practice of medicine. For 
more information, call (916) 733-1755. 


Roger L. Wallace, D.O. 

Perinatal Associates 

of Northern California 

5301 F. Street #110 
Sacramento, California 95819 


PERINATOLOGIST 


Maine Medical Center is seeking a Perinatologist 
to join its busy division in Maine's only tertiary peri- 
natal center. The center features a new labor and 
delivery suite and NICU as well as an established 
high resolution ultrasound diagnostic unit perform- 
ing invasive diagnostic procedures. 


Maine Medical Center is northern New England’ S 
largest teaching and referral hospital employing 
3,500 people. The hospital is located in Portland, 


‘Maine, a vibrant and growing city providing the 


cultural events expected of a large city, but with 
easy access to the ocean, lakes, and mountains. 


We offer an excellent salary and benefits package. 
Interested candidates should send their curriculum 
vitae to Phillip Stubblefield, M.D., Chief, Depart- 
ment of Obstetrics and Gynecology, Maine Medical 
Center, 22 Bramhall Street, Portland, ME 04102, 


_ or call (207) 871-2749. Ar equal opportunity em- 


ployer. 
. MAINE MEDICAL CENTER 


DEDICATED TO EXCELLENCE 





DEPARTMENT OF OBSTETRICS, 
‘GYNECOLOGY AND 
REPRODUCTIVE SCIENCES 


UNIVERSITY OF PITTSBURGH 
SCHOOL OF MEDICINE 


The Department of Obstetrics, Gynecology and 
Reproductive Sciences at the University of Pitts- 
burgh School of Medicine is seeking a full-time 
faculty member in the Division of Gynecology to 
serve as Medical Director of the Emergency and 
Evaluation Unit. The academic rank is at the Assis- 
tant Professor level and salary will be commensu- 
rate with experience and training. 


Applicants must be Board-certified or Board-eligi- 
ble in Obstetrics and Gynecology and have experi- 
ence in Emergency Medicine, demonstrate an in- 
terest in undergraduate and graduate education, 
and have the ability to manage a busy emergency 
room. i 


Send inquiry and curriculum vitae to: Richard L. 
Sweet, M.D., Professor and Chairman, Depart- 
ment of Obstetrics, Gynecology and Reproductive 
Sciences, University of Pittsburgh, School of Med- 
icine, Magee-Womens Hospital, 300 Halket Street, 
Pittsburgh, PA 15213-3180. 


The University of Pittsburgh is an equal opportuni- 
ty, affirmative action employer. 
























Academic Gynecologists 


Northwestern University Medical School 
Department of Obstetrics and Gynecolo- 
gists invites applications for two positions 
in its expanding Section of Gynecology. 


The first position is for an individual with 
expertise in uro-gynecology or geriatric 
gynecology; the second position is for an 
individual with training or expertise in 
gynecologic surgery or infectious dis- 
ease. 


Contact: 





Lane Mercer, M.D. 

Head, Section of Gynecology 
Northwestern University Medical School 
333 East Superior Street, Suite 420 
Chicago, Illinois 60611 
(312) 908-4868 


Northwestern University is an Affirmative 
Action/Equal Opportunity Employer. Hir- 
ing is contingent upon eligibility to work 
in the United States. 






OB/GYN 


Opportunity in pleasant, semi- 
rural community. Progressive 
hospital with excellent medical 
staff and supportive Board of Di- 
rectors. Facility has lovely Fam- 
ily Birthing Center with LDRP 
rooms, excellent all RN staff— 
NRP certified. Enjoy the charm 
and security of a small town with 
quick access to metropolitan 
areas. Contact: 
Charles Duffy, President 
Kewanee Hospital 
719 Elliott — 
Kewanee, IL 61443 


EOE 


Perinatologist 


- The Department of Obstetrics and Gynecosogy 

. of the Long island Jewish Medical Center is 
recruiting a third Perinatologist to join the 
Division of Maternal/Fetal Medicine. The 
Medical Center is an 825-bed institution with `’ 
approximately 4,000 deliveries each year, 40% 
of which are “high risk’. An established 
Antepartum Testing Unit operated by the Divi- 
sion offers sophisticated ultrasonographic 
facilities and doppler technologies for fetal 
blood flow assessment. Our Neonatal ICU is 

_one of the largest and most advanced in tre 

entire metropolitan area. Experience with i1- 
vasive techniques like CVS and PUBS preferred. 


Responsibilities include student and resident 
teaching, prenatal diagnosis, perinatal con- 
sultation and a strong interest in research. 


Excellent benefit package includes competicive 
salary, pension plan and ample time for 
research and scientific meetings. Contact: 

Dr. Adiel Fleischer, Department of OB/GYN, 
Room 1100, at (718) 470-7660. Long Island 
Jewish Medical Center, 270-05 76th Avenue, 
New Hyde Park, NY 11042. An Equal Oppor- 
tunity Employer. 


Long Island Jewish 
Medical Center 


The Long Island Campus for the 
Albert Einstein College of Medicine 





Geisinger Clinic 


‘CHAIRPERSON 
-OB/GYN | 


To direct the growth and expansion of this multi- $ 
disciplined division incorporating-an independent 


residency program and Level III NICU. Major 
affiliate of Jefferson Medical School. 


The Geisi nger system includes this nl 
tertiary referral center and more than 40 clinical 
practice sites throughout Northeastern and 
Ceniral Pennsylvania. : 


Danville offers a relaxed life-style with good 
schools and outdoor recreational pursuits with 
easy access to metropolitan areas. Competitive 
salary and excellent benefits: 


Contact. Thomas J. Martin, MD. thana 
OB/GYN Search Committee; Geisinger MELEAR 
Center, Danville, PA 17822- 1320. 


Geisinger, 


E.O.E. E 
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PERINATOLOGIST 
OGDEN, UTAH 


An outstanding opportunity exists for a peri- 
natologist to set up a consultative practice in | 


Ogden, Utah. The physician will be an em- 


ployee of McKay-Dee Hospital, a 415-bed — 


community facility. Office space, personnel 
and equipment will be provided by the hospi- 


tal. The successful candidate will be an inte- — 
gral part of Intermountain ea Care's Peri- : 


natal Group. 

Ogden, Utah is a beautiful. Soames of 
69,000, with a service population of 260,000. 
There is an abundance of outdoor recreation 
available, including skiing, snowmobiling, 


hunting, fishing, boating, swimming and . 


camping. A variety of cultural events entertain 
and amuse Ogden residents, such as the 
symphony, the ballet, museums, art galleries 


and festivals. Ogden is-a short 40 minutes | 
from Salt Lake City where more professional | 


sports and cultural events may be found. 


For more information, send.a CV to: 
IHC Physician Placement Services _ 
P.O. Box 57010 
Murray, UT 84157-0010 
or call toll- free, 1-800-888-3134 
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~ COLUMBIA, 
SOUTH CAROLINA 


Two established OB/GYN's seek a third 
 OB/GYN. Office is adjacent to a 611- 
bed, modern facility. City has a popula- 


tion of 500,000, is home to the Univer- 


sity .of South Carolina and Medical 
School, and is located only two hours 
from the coast. Salary plus all benefits 


with partnership available. Send CV or 
call: 


BARRY CREASMAN 
-JACKSON AND 7 
COKER, INC. Ky 
115 Perimeter Center 
Place 
Suite 380 12010 JACKSON 


Atlanta, GA 30346 ANDCOKER 
Tel. 1-800-544-1987 


THE DEPARTMENT OF OBSTETRICS 
AND GYNECOLOGY 
UNIVERSITY OF WISCONSIN 

MEDICAL SCHOOL : 
is seeking applicants for two (2) additional full-time faculty 
positions in MATERNAL FETAL MEDICINE for a new 
women's health center and academic program at its Mil- 
waukee Clinical Campus. The current faculty includes two 


_ perinatologists. 


Sinai Samaritan Medical Center has recently consolidated 


‘its obstetrical and gynecological services in a redesigned 


facility in downtown Milwaukee. The department has the 
largest perinatal service in Wisconsin (5500 deliveries) and 
has a dedicated antenatal testing and perinatal ultrasonog- 
raphy unit, a midwifery, and adolescent pregnancy service. 
The department has an affiliation with St. Luke’s Medical 
Center in Milwaukee for its residency program. 


Qualifications include board candidacy or certification in 
maternal-fetal medicine and a commitment to teaching re- 


_ sidents, medical students, and clinical research. Competi- 


tive salary package. Contact: 


Chester B. Martin, M.D. Fredrik F. Broekhuizen, M.D. 

Chairman ‘Chairman and Chief 

Department of Obstetrics/ = Milwaukee Campus 
Gynecology - Department of Obstetrics/ 


- University of Wisconsin Gynecology 


Medical School University of Wisconsin 


- 600 Highland Avenue, ~ Medical School 


H4/654 CSC Sinai Samaritan Medical 
Madison, WI 53792 Center 
2000 West Kilbourn Avenue 
Milwaukee, WI 53233 
(414) 937-5600 


The University of Wisconsin Medical School is an equal 
opportunity employer. 





OBSTETRICIAN/GYNECOLOGIST 


Unique opportunity for 2 board certified/ 
board eligible obstetrician/gynecologists, 
90 minutes from New York City. Sullivan 
County Catskill Mountains, semi-rural pic- 
turesque communities. Quality lifestyle/ 
recreational amenities. Fully equipped 
modern 220 bed facility with comprehen- 
sive diagnostic & therapeutic services in- 
cluding 24 hour emergency room services 
and shared on-call coverage. Excellent 
compensation package including 
$225,000 minimum income guarantee. 
Eligible for N.Y.S. Regents Scholarship 
& Loan Forgiveness Program financial 
assistance. Contact 


Mr. Martin I. Richman 
Executive Director 
Community General Hospital 
of Sullivan County 
P. O. Box 800 
Harris, NY 12742 
Tel. (914) 794-3300 


OBSTETRICIANS AND GYNECOLOGISTS 
Illinois 

OB/GYN Physicians needed to join Carle Clinic 
Association, a 225 physician, multi-specialty group 
practice in central Illinois with opportunities at the 
main campus as well as three additional sites - 
Urbana, Bloomington, Danville and 
Mattoon/Charleston. These communities. offer 
recreational, cultural and educational amenities. 
Benefit package includes a competitive salary with 
partnership and income sharing plan after two 
years, professional liability insurance, health, life 
and disability insurance and generous vacation and 
meeting time. Contact: 

Robert C. Parker, Jr., MD 

Medical Director 
Carle Clinic Association 
602 W. University, Urbana, Illinois 61801 
Phone 217-383-3399 - Fax 217-383-3163 


nana 
aasi 

raaraa 
ee 


Carle Clinic Association 
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OB-GYN Physicians 
Large multispecialty group is seeking to 
add BC/BE Obstetrician-Gynecologists to 
its current staff of five. Department is ac- 
tive in donor and husband insemination. 
Opportunity to develop in Vitro and Gift 
Programs available. 


Fargo Clinic MeritCare is located next.to 
St. Luke’s Hospitals, a 400 bed tertiary 
care & trauma center. St. Luke’s is a 
NACHRI designated Children’s Hospital 
with a level Ill ICN staffed with four BC 
Neonatologists. 


Fargo, ND, and its sister city of Moorhead, 
MN, is a tri-college community of 130,000. 
Exceptional opportunities for cultural, rec- 
reational, sporting or hunting activities 
available year around. 

Competitive compensatory package. Re- 
spond to Kathleen McKittrick Toft, Direc- 
tor, Physician Recruitment, 737 Broad- 
way, Fargo, ND 58123 or call 1-800-437- 
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Christ Hospital and Medical Center is an 827-bed ter- 
tiary care facility and a member of Evangelical Health 
Systems—Chicago’s largest multi-hospital system. We’re 


Our established Level III Perinatal Center is 
expanding its perinatal program. Today, we seek an 
experienced individual to help develop and promote 
this outstanding program. 


BC/BE PERINATOLOGIST 


Our Center averages over 4,100 deliveries annually, 
has an active maternal and neonatal transport system, 
and a Level III Neonatal Intensive Care Unit staffed by 
seven neonatologists. Complete laboratory facilities are 
available including cytogenetic analysis of both 
amnionic fluid and trophoblastic tissue. Our 
Antepartum Testing Unit is equipped with color 
flow Doppler ultrasound. 

EHS brings together the best benefits, compensa- 
tion, and lifestyle opportunities for qualified candidates. 
Learn more by calling (708)346-5138 or by sending 
your CV to: Tom Bergmann, Human Resources 
Manager. EOE m/f. 


CHRIST HOSPITAL L & MEDICAL CENTER ù 
Gite IL 60453 : 


GƏ FHSBRINGING THEBEST 
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also one of Illinois’ largest private teaching medical centers. ‘ ~ 
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Well established Northern Virginia OB/GYN -practice 
with three satellite offices seeks a highly qualified, highly 
motivated .BE/BC physician interested in providing com- 
prehensive OB/GYN care in a progressive setting. Af- 
fillated with a non-profit community hospital and a well 


_respected tertiary care center, the practice averages 50- 


60 deliveries a month. This practice provides the oppor- 
tunity for academic affiliation with The George 
Washington University School of Medicine. 

_ The practice's main office is located in a suburban 
community located 25 miles south of Washington, D.C. 
which has a young population. which has experienced 
tremendous growth in recent years. The community hos- 
pital has a completely updated MCH Unit which includes 
6. LDR’s, 16 bassinet nursery, Level Il NICU, and out- 
standing support including Neonatology and 24 hour ded- 
icated Anesthesiclogy. 

Competitive salary, productivity bonuses, outstanding 


benefits including paid vacation/CME leave, health, disabil- 


ity, and. life insurance, profit sharing and more. 

If you seek a dynamic practice opportunity where your 
hard work will be generously compensated, please forwarg 
your curriculum vitae to: 


Kimberly Amsley, Praotice. 
Administrator 

The Adler Group 

2296 Opitz Boulevard, 
Suite 350 

Woodbridge, Virginia 
22191. 


€ ADLER 
GROUP. 
f OB/GYN 


(no telephone calls please) 





Applications Invited for Fellowships in 
Geriatric Gynecology 


Applications are invited for the Hartford Foundation/AFAR Fellowship 
Program in Geriatric Gynecology. 


The program, funded by the John A. Hartford Foundation of New York 
City and administered by the American Federatior for Aging Research 
(AFAR), is designed tc develop a cadre of gynecologists committed to 
an academic career with specialized training in the geriatric aspects of 
their specialties. 


Two Fellowships will be awarded in 1992, each offering a grant of 
$50.000 annually, for the two-year period beginning July 1, 1993. 


Applicants must be affiliated with or must plan to pursue their fellowship 
at one of the institutions which participate in the Hartford Foundation’s 
Academic Geriatric Recruitment Initiative. These institutions are: Bow- 
man Gray School of Medic ne, Case Western Reserve University, Duke 
University, Harvard University, Johns Hopkins Un versity, Mount Sinai 
School of Medicine, Stanford University, St. Louis University, University 


of California at Los Angeles, University of Connecticut, University of 
Michigan, University of Pennsylvania, and University of Washington. 


Applications must be tiled by an institution on behalf of an individual 
candidate and must include a statement of plans for the development 
of curriculum materials related to geriatric gynecoiogy. The application 
must bear the endorsement of institutional mentors representing the 
gynecology and geriatric departments or divisions. 


Applicants must be board certified or eligible by July 1, 1993 and need 
not have had previous training in geriatric medicine or gerontology. 


Applications must be accompanied by letters. of -eference from three 


_ individuals who know the candidate and by the curricula vitae of the 


candidate and the designated mentors. The deadlire for the submission 
of applications is September 30, 1992. Awards will be announced by 
October 31, 1992. 


Applications and further iniormation may be secured from: 


American Federation for Aging Research (AFAR) 
725 Park Avenue 
New York, NY 10021 
(212) 570-2090 Fax: (212) 570-2496 — 
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OBSTETRICIAN/GYNECOLOGIST 
KANSAS CITY METROPOLITAN AREA 


Exceptional opportunity exists for a 
BC/BE OB/GYN in a large, expanding 
and independent multi-specialty 
group with an excellent referral 
base. Practice is conveniently 
located close to hospitals, affordable 
luxury housing -and nationally 
recognized school systems in stable 
neighborhoods. A very attractive 
and flexible incentive package is 
available. Please send Curriculum 
Vitae to: 


JOHN STORM 
51 NORTH 127H STREET 
KANSAS CITY, KS 66102 
(913) 281-7775 
FAX (913) 281-8494 


BRIGHAM AND WOMEN’S HOS- 
PITAL-HARVARD MEDICAL 
SCHOOL are soliciting applications 
for the Chair of the Department of 
Obstetrics and Gynecology at the 
Brigham and Women’s Hospital. The 
Department is one of the largest of its 
kind in the USA, and the Hospital has 
had a long-standing commitment to 
women’s health. Candidates should 
have outstanding academic records 
and the ability to lead clinical, re- 
search, and training programs. Appli- 
cations, to include a curriculum vitae 
and the names of three potential re- 
ferees, should be sent to Dr. Ramzi 
S. Cotran, Chairman, Search Commit- 
tee, Brigham and Women’s Hospital, 
75 Francis Street, Boston, MA 02115. 
The Brigham and Women's Hospital. 
and the Harvard Medical Schcol are 
equal opportunity employers. 








Provide vital information 
to those who need it most as 


with article reprints from 
Mosby-Year Book periodicals 


Article reprints are your best means of 
distributing the information published in 
Mosby-Year Book’s medical, dental, 
and nursing periodicals. These papers 
will enhance the value of your informa- 
tion programs. 


Not just for authors, reprints are an effec- 
tive tool for health care professionals, 
sales and marketing staffs, and 
advertisers. 


Use reprints to: 


e Train and educate your sales and 
marketing staff 


e Support your seminar topic 


e Inform your health care staff of new 
developments 


e Reach your product users with 
vital information 


Article reprints. .. another valuable 
service from Mosby-Year Book. 


Orders (minimum of 100 copies) of all 


- previous and future articles in 


Mosby-Year Book periodicals are — 
available from the Publisher. 


| t 


For more information, contact: 
Mosby-Year Book, Inc. 

Attn: Journal Reprint Department 
41830 Westline Industrial Drive 

St. Louis, MO 63146 U.S.A. 


(314) 872-8370 
In the U.S., call toll-free: 4 1-800-325-4177 
Fax: 314-432-1380 


NA Near Book | 


- PA 17822-1329. 


DEPARTMENT OF OBSTETRICS, GYNECOLOGY AND 
~ REPRODUCTIVE SCIENCES 


UNIVERSITY OF PITTSBURGH SCHOOL OF MEDICINE 


The Department of Obstetrics, Gynecology and Reproductive 
Sciences at the University of Pittsburgh has the following full- 
time faculty positions available: 


Assistant Professor of Obstetrics and Gynecology: A position 


is available for an individual with a basic science background 
studying the biochemistry and molecular biology of endothelial 
cell responses. This individual shauld have extensive laboratory 
experience, be able to work independently and be competent. 
to train fellows and graduate students. Salary will be commen- 
surate with experience, training, and achievements. 


Assistant Professor of Obstetrics and Gynecology: A position 
is available for a basic scientist with a primary interest in 
molecular biology. The individual should be experienced in the 
molecular biology of connective tissue and be interested in 
participating in studies related to productive physiology. Experi- 
ence and the ability to work independently is required, as is 
the willingness and ability to teach and train postdoctoral fellows 
and graduate students. Salary will be commensurate with ex- 
perience, training, and achievements. 


Professor of Obstetrics and Gynecology: Two positions are 
available for basic scientist experienced in the physiology of 
pregnancy and parturition. Individuals should have a clear rec- 
ord of experience in working with groups of researchers, have 
a national reputation, and should be willing and able to train 
graduate students and postdoctoral fellows. 


Send ee curriculum vitae for any of the above positions 
to: James Roberts, M.D., Professor and Vice-Chairman, 
Research, Department of Obstetrics, eigen if and Repro- 
ductive Sciences, Magee-Womens Hospital, 300 Halket Street, 
Pittsburgh, PA 15213-3180. 


The University of Pittsburgh is an equal opportunity, affirmative 
action employer. 





Geisinger Clinic 


Perinatology 


The Department of Obstetrics and Gynecology of the 
Geisinger Medical Center is actively recruiting an eligible/ 
board certified Perinatologist to develop and build a 
regional perinatal service. This is an opportunity to 
practice Level III care at a regional medical center located 
in a rural setting, in Northeastern Pennsylvania. 


Geisinger Medical Center is a 577-bed, tertiary referral 
center offering state-of-the-art facilities, with a current 
medical staff of 300 physicians. The medical center has a 
Level MI NICU Unit and a 14-bed Stepdown Unit. 
Deliveries are approximately 1200 each year with a 


significant number of those being “high risk”. 


Responsibilities include student and resident teaching, 
prenatal diagnosis and perinatal consultation. Skills in 
clinical research are also preferred. 


An excellent benefit package is offered including, 
competitive salary, professional liability, medical and 
dental coverage, vacation and sick leave, continuing 
education, life insurance and retirement plans. Please 
forward inquiries along with a curriculum vitae to: 

T.K. Ghosh, M.D., Division of OB/GYN, Geisinger 
Medical Center, 100 North Academy Avenue, Danville, 


Geisinger. 
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a Woman 


afford to fail. 
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Knowing the right answers to this test 
can mean the difference between life 
and death to a woman and her unborn Dry 
child. Cut it out now and give copies l Ys and Preg 
toall your patients, even ifyoudon't | 1, Dig nancy; 
suspecta drug problem. Even if they | You i OU kno 
are not pregnant. Because if your ea 
patients don't know therighħt _ - | &Di 
answers,now’sthetime =~. 
totalk with them and z Pe 
help them to Pas that 
understand. / low. irthy eres a 

i 







ad 
X Cut along dotted =| OCto, Sources iig 
line. copy, and distribute e . 
to patients as you see fit. 
Source: ACOG and American 
Council for Drug Education 


Partnership for a Drug-Free America 


LWS-09645 3 
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“Smart, current, 
in-depth, tough, unique, 
charismatic, authoritative, 
handy, relevant, lucid, 
thorough, convenient, 
detailed, pithy, top-notch, 
helpful, sagacious, 
indispensable, 
comprehensive, timely, 
thought-provoking, i incisive, 
straightforward, lively, 
astute, invaluable, 
concise, fact-packed, 
and one-of-a-kind.” 
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LOGY, 
Okay. So maybe we're examination copy. Put it to work for a month, and if 
going a little overboard. But you're not completely satisfied for any reason, just send it 
our subscribers are an back and owe nothing. 
opinionated and enthusiatic But we hope you might want to send us a few 
bunch. Nearly one in four adjectives of your own instead—extraordinary, versatile, 
physicians practicing today and revolutionary are still available. 
: is a Year Book subscriber and they ee ee Pe hE eee re E 1 
are E in their loyalty. | L] Yes! please send my 30-day free approval copy of the 1992 Year Book 
And why not? A subscription to the Year Book | of Obstetrics and Gynecology (22636) according to the service terms described 
gives you all the past year’s most essential ob/gyn | below. IfI decide to keep the book I'll pay just $59.95 (plus shipping, 
articles condensed for quick and easy reading, and | handling, and state sales tax where appropriate). | 
expert advice to help you put the latest findings and E 
techniques to work immediately. | 
Let’s be honest, though, no list of two-dollar teen eee rer 
words can really convey a book’s usefulness and value. | City, State, Zip Teleohane 
You've got to evaluate it for yourself. | NYA Mosby a 
T hat’s why we're offering you this no-risk, no- | Call Toll Free 800-426-4545 ! 
obligation, 30-day free trial of the Year Book. just call Or send this coupon Attn: Pat Newman, 11830 Westline Industrial Drive 
or mail the attached coupon and we'll send you a free St. Louis, MO 63146-9988 MCA204 | 


The Year Book of Obstetrics and Gynecology Service Guarantee: 

When you subscribe to the Year Book. we'll send you an advance notice of future volumes about two months before they publish. This automatic notice system is deal to take up as 
little of your time as possible. H you do not want the Year Book, the advance notice makes it it quick and easy for you to let us ee vonr decision; and you will always have at least 20 days to 
decide. H we don't hear from you, we'll send you the new volume as soon as it's available. And, of course, the Year Book is yours to examine free of charge for 30 days (postage, handling and 
applicable sales tax are added to each shipment). 
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21- and 28-day regimens 


ORTHO-NOVUM / 77. 


norethindrone/ethinyl estradiol 





Each white tablet contains 0.5 mg norethindrone and 0.035 mg ethinyl estradiol. Each light peach tablet 
contains 0.75 ee and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg noreth- 
indrone and 0.035 mg ethinyl estradiol. Each green tablet in 28-day regimen contains inert ingredients. 


IMPORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information 
riaa with the product and therefore should not be used as the basis for prescribing the product. 

his summary was prepared by deleting from the complete prescribing information certain text, tables 
and references. The physician should be thoroughly familiar with the complete prescribing information 
before prescribing the product. 


INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 

CONTRAINDICATIONS: Oral contraceptives should not be used in women who currently have the following 
conditions: 1. Thrombophlebitis or thramboembolic disorders. 2. A past history of deep vein thrombophle- 
bitis or thromboembolic disorders. 3. Cerebral vascular or coronary artery disease.4. Known or suspected 
carcinoma of the breast. 5. Carcinoma of the endometrium or other known or suspected estrogen-depen- 
dent neoplasia. 6. Undiagnosed abnormal genital bleeding. 7 Cholestatic jaundice of pregnancy or jaundice 
with prior pill use. 8. Hepatic adenomas or carcinomas. 9. Known or suspected pregnancy 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral contracep- 
tive use. This risk increases with age and with heavy smoking (15 or more cigarettes per day) and 
is quite marked in women over 35 years of age. Women who use oral contraceptives should be 
strongly advised not to smoke. 








The use of oral contraceptives is associated with increased risks of several serious conditions including 
myocardial infarction, thromboembolism, stroke, hepatic neoplasia, and gallbladder disease, although the 
risk of serious morbidity or mortality is very small in healthy women without underlying risk factors. The 
risk of morbidity and mortality increases significantly in the presence of other underlying risk factors such 
as hypertension, hyperlipidemias, obesity and diabetes. Practitioners prescribing oral contraceptives 
should be familiar with the following information relating to these risks. The information contained in this 
brief summary is principally based on studies carried out in patients who used oral contraceptives with 
higher formulations of estrogens and progestogens than those in common use today. The effect of long 
term use of the oral contraceptives with lower formulations of both estrogens and progestogens remains 
to be determined. Throughout this brief summary epidemiological studies reported are of two types: 
retrospective or case control studies and prospective or cohort studies. Case control studies provide a 
measure of the relative risk of a disease, namely a ratio of the incidence of a disease among oral contra- 
ceptive users to that among nonusers. The relative risk does not provide information on the actual clinical 
occurrence of a disease. Cohort studies provide a measure of attributable risk, which is the difference in 
the incidence of disease between oral contraceptive users and nonusers. The attributable risk does pro- 
vide information about the actual occurrence of a disease in the population. For further information, the 
reader is referred to a text on epidemiological methods. 1. THROMBOEMBOLIC DISORDERS AND OTHER 
VASCULAR PROBLEMS. a. Myocardial Infarction. An increased risk of myocardial infarction has been 
associated with oral contraceptive use. This risk is primarily in smokers or women with other underlying 
risk factors for coronary artery disease such as hypertension, hypercholesterolemia, morbid obesity, and 
diabetes. The relative risk of heart attack for current oral contraceptive users has been estimated to be two 
to six. The risk is very low under the age of 30. Smoking in combination with oral contraceptive use has 
been shown to contribute substantially to the incidence of myocardial infarctions in women in their 
mid-thirties or older with smoking accounting for the majority of excess cases. Mortality rates associated 
with circulatory disease have been shown to increase substantially in smokers, especially in those 35 
years of age and older among women who use oral contraceptives. Oral contraceptives may compound the 
effects of well-known risk factors, such as hypertension, diabetes, hyperlipidemias, age and obesity. In 
particular, some progestogens are known to decrease HDL cholesterol and cause glucose intolerance, 
while estrogens may create a state of hyperinsulinism. Oral contraceptives have been shown to increase 
blood pressure among users (see section 9 in WARNINGS). Similar effects on risk factors have been 
associated with an increased risk of heart disease. Oral contraceptives must be used with caution in 
women with cardiovascular disease risk factors. b. Thromboembolism. An increased risk of thromboem- 
bolic and thrombotic disease associated with the use of oral contraceptives is well established. Case 
control studies have found the relative risk of users compared to non-users to be 3 for the first episode of 
superficial venous thrombosis, 4 to 11 for deep vein thrombosis or pulmonary embolism, and 1.5 to 6 for 
women with predisposing conditions for venous thromboembolic disease. Cohort studies have shown the 
relative risk to be somewhat lower, about 3 for new cases and about 4.5 for new cases requiring hospital- 
ization. The risk of thromboembolic disease associated with oral contraceptives is not related to length of 
use and disappears after pill use is stopped. A two- to four-fold increase in relative risk of post-operative 
thromboembolic complications has been reported with the use of oral contraceptives. The relative risk of 
venous thrombosis in women who have predisposing conditions is twice that of women without such 
medical conditions. If feasible, oral contraceptives should be discontinued at least four weeks prior to and 
for two weeks after elective surgery of a type associated with an increase in risk of thromboembolism and 
during and following prolonged immobilization. Since the immediate postpartum period is also associated 
with an increased risk of thromboembolism, oral contraceptives should be started no earlier than four 
weeks after delivery in women who elect not to breast feed. c. Cerebrovascular diseases. Oral contracep- 
tives have been shown to increase both the relative and attributable risks of cerebrovascular events 
(thrombotic and hemorrhagic strokes), although, in general, the risk is greatest among older (>35 years), 
hypertensive women who also smoke. Hypertension was found to be a risk factor for both users and 
non-users, for both types of strokes, and smoking interacted to increase the risk of stroke. In a large study, 
the relative risk of thrombotic strokes has been shown to range from 3 for normotensive users to 14 for 
users with severe hypertension. The relative risk of hemorrhagic stroke is reported to be 1.2 for non- 
smokers who used oral contraceptives, 2.6 for smokers who did not use oral contraceptives, 76 for 
smokers who used oral contraceptives, 1.8 for normotensive users and 25.7 for users with severe hyper- 
tension. The attributable risk is also greater in older women. d. Dose-related risk of vascular disease from 
oral contraceptives. A positive association has been observed between the amount of estrogen and 
progestogen in oral contraceptives and the risk of vascular disease. A decline in serum high density 
lipoproteins (HDL) has been reported with many progestational agents. A decline in serum high density 
lipoproteins has been associated with an increased incidence of ischemic heart disease. Because estro- 
gens increase HDL cholesterol, the net effect of an oral contraceptive depends on a balance achieved 
between doses of estrogen and progestogen and the activity of the progestogen used in the contraceptive. 
The activity and amount of both hormones should be considered in the choice of an oral contraceptive. 
Minimizing exposure to estrogen and progestogen is in keeping with good principles of therapeutics. For 
any particular estrogen/progestogen combination, the dosage regimen prescribed should be one which 
contains the least amount of estrogen and progestogen that is compatible with a low failure rate and the 
needs of the individual patient. New acceptors of oral contraceptive agents should be started on prepara- 
tions containing 0.035 mg or less of estrogen. e. Persistence of risk of vascular disease. There are two 
studies which have shown persistence of risk of vascular disease for ever-users of oral contraceptives. In a 
study in the United States, the risk of developing myocardial infarction after discontinuing oral contracep- 
tives persists for at least 9 years for women 40-49 years who had used oral contraceptives for five or 
more years, but this increased risk was not demonstrated in other age groups. In another study in Great 
Britain, the risk of developing cerebrovascular disease persisted for at least 6 years after discontinuation 
of oral contraceptives, although excess risk was very small. However, both studies were performed with 
oral contraceptive formulations rp 50 micrograms or higher of estrogens. 2. ESTIMATES OF 
MORTALITY FROM CONTRACEPTIVE USE. One study gathered data from a variety of sources which have 
estimated the mortality rate associated with different methods of contraception at different ages. These 
estimates include the combined risk of deatn associated with contraceptive methods plus the risk attribu- 
table to pregnancy in the event of method failure. Each method of contraception has its specific benefits 
and risks. The study concluded that with the exception of oral contraceptive users 35 and older who smoke 
and 40 and older who do not smoke, mortality associated with all methods of birth control is low and 
below that associated with childbirth. However, smokers 35 and older and non-smokers 40 and older who 
use oral contraceptives have a significant increase in mortality higher than those using other methods of 
birth control. These facts must be weighed in conjunction with failure rates for other methods and the risk 
associated with subsequent pregnancy. 3. CARCINOMA OF THE REPRODUCTIVE ORGANS. Numerous 


epidemiological studies have been performed on the incidence of breast, endometrial, ovarian and cervical 
cancer in women using oral contraceptives. While there are conflicting reports most studies suggest that 
use of oral contraceptives is not associated with an overall increase in the risk of developing breast cancer. 
Some studies have reported an increased relative risk of developing breast cancer, particularly at a 
younger age. This increased relative risk appears to be related to duration of use. Some studies suggest 
that oral contraceptive use has been associated with an increase in the risk of cervical intraepithelial 
neoplasia in some populations of women. However, there continues to be controversy about the extent to 
which such findings may be due to differences in sexual behavior and other factors.4. HEPATIC NEOPLA- 
SIA. Benign hepatic adenomas are associated with oral contraceptive use, although the incidence of 
benign tumors is rare in the United States. Indirect calculations have estimated the attributable risk to be 
in the range of 3.3 cases/100,000 for users, a risk that increases after four or more years of use especial 

with oral contraceptives of higher dose. Rupture of benign, hepatic adenomas may cause death throug 

intra-abdominal hemorrhage. Studies from Britain have shown an increased risk of developing hepatocel- 
lular carcinoma in long-term (>8 years) oral contraceptive users. However, these cancers are rare in the 
U.S. and the attributable risk (the excess incidence) of liver cancers in oral contraceptive users approaches 
less than one per million users. 5. OCULAR LESIONS. There have been clinical case reports of retinal 
thrombosis associated with the use of oral contraceptives. Oral contraceptives should be discontinued if 
there is unexplained partial or complete loss of vision; onset of proptosis or diplopia, papilledema, or 
retinal vascular lesions. Appropriate diagnostic and therapeutic measures should be undertaken immedi- 
ately. 6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY. Extensive epidemiological 
studies have revealed no increased risk of birth defects in women who have used oral contraceptives prior 
to pregnancy. The majority of recent studies also do not indicate a teratogenic effect, particularly in so far 
as cardiac anomalies and limb reduction defects are concerned, when taken inadvertently during early 
pregnancy. The administration of oral contraceptives to induce withdrawal bleeding should not be used as 
a test for pregnancy. Oral contraceptives should not be used during pregnancy to treat threatened or 
habitual abortion. It is recommended that for any patient who has missed two consecutive periods 
pregnancy should be ruled out before continuing oral contraceptive use. If the patient has not adhered to 
the prescribed schedule, the possibility of pregnancy should be considered at the time of the first missed 
period. Oral contraceptive use should be discontinued until pregnancy is ruled out. 7 GALLBLADDER 
DISEASE. Earlier studies have reported an increased lifetime relative risk of gallbladder surgery in users of 
oral contraceptives and estrogens. More recent studies, however, have shown that the relative risk of 
developing gallbladder disease among oral contraceptive users may be minimal. The recent findings of 
minimal risk may be related to the use of oral contraceptive formulations sg. lower hormonal 
doses of estrogens and progestogens. 8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS. Oral contra- 
ceptives have been shown to cause a decrease in glucose tolerance in a significant percentage of users. 
This effect has been shown to be directly related to estrogen dose. Progestogens increase insulin secre- 
tion and create insulin resistance, this effect varying with different progestational agents. However, in the 
non-diabetic woman, oral contraceptives appear to have no effect on fasting blood glucose. Because of 
these demonstrated effects prediabetic and diabetic women in particular should be carefully monitored 
while taking oral contraceptives. A small proportion of women will have persistent hypertriglyceridemia 
while on the pill. As discussed earlier (see WARNINGS 1a and 1d), changes in serum triglycerides and 
lipoprotein levels have been reported in oral contraceptive users. 9. ELEVATED BLOOD PRESSURE. An 
increase in blood pressure has been reported in women taking oral contraceptives, and this increase is 
more likely in older oral contraceptive users and with extended duration of use. Data from the Royal 
College of General Practitioners and subsequent randomized trials have shown that the incidence of 
hypertension increases with increasing progestational activity. Women with a history of hypertension or 
hypertension-related diseases, or renal disease, should be encouraged to use another method of contra- 
ception. If women elect to use oral contraceptives, they should be monitored closely and if significant 
elevation of blood pressure occurs, oral contraceptives should be discontinued. For most women, elevated 
blood pressure will return to normal after stopping oral contraceptives, and there is no difference in the 
occurrence of hypertension between former and never users. 10. HEADACHE. The onset or exacerbation of 
migraine or development of headache with a new pattern which is recurrent, persistent or severe requires 
discontinuation of oral contraceptives and evaluation of the cause. 11. BLEEDING IRREGULARITIES. 
Breakthrough bleeding and spotting are sometimes encountered in patients on oral contraceptives, espe- 
cially during the first three months of use. Non-hormonal causes should be considered and adequate 
diagnostic measures taken to rule out malignancy or pregnancy in the event of breakthrough bleeding as in 
the case of any abnormal vaginal bleeding. If pathology has been excluded, time or a change to another 
formulation may solve the problem. In the event of amenorrhea, pregnancy should be ruled out. Some 
women may encounter post-pill amenorrhea or oligomenorrhea, especially when such a condition was 
preexistent. 12. ECTOPIC PREGNANCY. Ectopic as well as intrauterine pregnancy may occur in contracep- 
tive failures. PRECAUTIONS: 1. PHYSICAL EXAMINATION AND FOLLOW UP A complete medical history and 
physical examination should be taken prior to the initiation or reinstitution of oral contraceptives and at 
least annually during use of oral contraceptives. These physical examinations should include special 
reference to blood pressure, breasts, abdomen and pelvic organs, including cervical cytology, and relevant 
laboratory tests. In case of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate 
diagnostic measures should be conducted to rule out malignancy. Women with a strong family history of 
breast cancer or who have breast nodules should be monitored with particular care. 2. LIPID DISORDERS. 
Women who are being treated for hyperlipidemias should be followed closely if they elect to use oral 
contraceptives. Some progestogens may elevate LDL levels and may render the control of hyperlipidemias 
more difficult. 3. LIVER FUNCTION. If jaundice develops in any woman receiving such drugs, the medica- 
tion should be discontinued. Steroid hormones may be poorly metabolized in patients with impaired liver 
function.4. FLUID RETENTION. Oral contraceptives may cause some degree of fluid retention. They should 
be prescribed with caution, and only with careful monitoring, in patients with conditions which might be 
aggravated by fluid retention. 5. EMOTIONAL DISORDERS. Women with a history of depression should be 
aed observed and the drug discontinued if depression recurs to a serious degree. 6. CONTACT 
LENSES. Contact lens wearers who develop visual changes or changes in lens tolerance should be 
assessed by an ophthalmologist. 7 DRUG INTERACTIONS. Reduced efficacy and increased incidence of 
breakthrough bleeding and menstrual irregularities have been associated with concomitant use of rifam- 
pin. A similar association, though less marked, has been suggested with barbiturates, phenylbutazone, 
phenytoin sodium, and possibly with griseofulvin, ampicillin and tetracyclines. 8. INTERACTIONS WITH 
LABORATORY TESTS. Certain endocrine and liver function tests and blood components may be affected 
by oral contraceptives: a. Increased prothrombin and factors VII, VIII, IX, and X; decreased antithrombin 3, 
increased norepinephrine-induced platelet aggregability. b. Increased thyroid binding globulin (TBG) lead- 
ing to increased circulating total thyroid hormone, as measured by protein-bound iodine (PBI), T4 b 
column or by radio-immunoassay. Free T3 resin uptake is decreased, reflecting the elevated TBG, free T4 
concentration is unaltered. c. Other binding proteins may be elevated in serum. d. Sex-binding globulins are 
increased and result in elevated levels of total circulating sex steroids and corticoids; however, free or 
biologically active levels remain unchanged. e. Triglycerides may be increased. f. Glucose tolerance may be 
decreased. g. Serum folate levels may be depressed by oral contraceptive therapy. This may be of clinical 
Significance if a woman becomes pregnant shortly after discontinuing oral contraceptives. 9. CARCINO- 
GENESIS. See WARNINGS section. 10. PREGNANCY. Pregnancy Category X. See CONTRAINDICATIONS and 
WARNINGS sections. 11. NURSING MOTHERS. Small amounts of oral contraceptive steroids have been 
identified in the milk of nursing mothers and a few adverse effects on the child have been reported, 
including jaundice and breast enlargement. In addition, oral contraceptives given in the postpartum period 
may interfere with lactation by decreasing the quantity and quality of breast milk. If possible, the nursing 
mother should be advised not to use oral contraceptives but to use other forms of contraception until she 
has completely weaned her child. INFORMATION FOR THE PATIENT: See Patient Package Insert. 
ADVERSE REACTIONS: An increased risk of the following serious adverse reactions has been associated 
with the use of oral contraceptives (see WARNINGS section). Thrombophiebitis and venous thrombosis 
with or without embolism. Arterial thromboembolism. Pulmonary embolism. Myocardial infarction. Cere- 
bral hemorrhage. Cerebral thrombosis. Hypertension. Gallbladder disease. Hepatic adenomas or benign 
liver tumors. The following adverse reactions have been reported in patients receiving oral contraceptives 
and are believed to be drug-related: Nausea. Vomiting. Gastrointestinal symptoms (such as abdominal 
cramps and bloating). Breakthrough bleeding. Spotting. Change in menstrual flow. Amenorrhea. Temporary 
infertility after discontinuation of treatment. Edema. Melasma which may pren. Breast changes: tender- 
ness, relent secretion. Change in weight (increase or decrease). Change in cervical erosion and 
secretion. Diminution in lactation when given immediately postpartum. Cholestatic jaundice. Migraine. 
Rash (allergic). Mental depression. Reduced tolerance to carbohydrates. Vaginal candidiasis. Change in 
corneal curvature (steepening). Intolerance to contact lenses. The following adverse reactions have been 
reported in users of oral contraceptives and the association has been neither confirmed nor refuted: 
Pre-menstrual syndrome. Cataracts. Changes in appetite. Cystitis-like syndrome. Headache. Nervousness. 
Dizziness. Hirsutism. Loss of scalp hair. Erythema multiform. Erythema nodosum Hemorrhagic eruption. 
pi Le Porphyria. Impaired renal function. Hemolytic uremic syndrome. Acne. Changes in libido, alts. 


RDOSAGE: Serious ill effects have not been reported following acute ingestion o arge d0SéS Of oral 
contraceptives by young children. Overdosage may cause nausea and withdrawal bleeding may occur in 
females. z ORTHO 
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ORAL CONTRACEPTIVE AGENTS: BRIEF SUMMARY 
DESCRIPTION 

TRI-NORINYL 21-DAY Tablets provide an oral contraceptive regimen of 7 blue tablets followed by 
9 yellow-green tablets and 5 more blue tablets. Each blue tablet contains norethindrone 0.5 mg 
and ethinyl estradiol 0.035 mg and each yellow-green tablet contains norethindrone 1 mg and 
ethinyl estradiol 0.035 mg. 

TRI-NORINYL 28-DAY Tablets provide a continuous oral contraceptive regimen of 7 blue tablets, 
9 yellow-green tablets, 5 more blue tablets, and then 7 orange tablets. Each blue tablet con- 
tains norethindrone 0.5 mg and ethinyl estradiol 0.035 mg, each yellow-green tablet contains 
norethindrone 1 mg and ethinyl estradiol 0.035 mg, and each orange tablet contains inert 


INDICATIONS AND USAGE 
Oral contraceptives are indicated for the prevention of pregnancy in women who elect to use 
these products as a method of contraception. 
CONTRAINDICATIONS 


Oral contraceptives should not be used in women who have the following conditions: Throm- 
bophlebitis or thromboembolic disorders * A past history of deep vein thrombophlebitis or 
thromboembolic disorders + Cerebral vascular or coronary artery disease + Known or suspected 
carcinoma of the breast + Carcinoma of the endometrium, and known or suspected estrogen- 
dependent neoplasia * Undiagnosed abnormal genital bleeding + Cholestatic jaundice of preg- 
nancy or jaundice with prior pill use + Hepatic adenomas, carcinomas or benign liver tumors + 
Known or suspected pregnancy dadi 
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oral contraceptive use. This risk increases with age and 
with “anny smoking (15 or more cigarettes per day) and is quite 
marked in women over 35 years of age. Women who use oral contra- 
ceptives should be strongly advised not to smoke. 


The use of oral contraceptives is associated with increased risks of several serious conditions 
including myocardial infarction, thromboembolism, stroke, hepatic neoplasia and gallbladder 
disease, although the risk of serious morbidity and mortality increases significantly in the 
presence of other underlying risk factors such as hypertension, hyperlipidemias, hypercholes- 
terolemia, obesity and diabetes. 
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patients who used oral contraceptives with reg sh ly fr 
gen. The effects of long-term use with lower dose formulations of both estrogens and progesto- 


gens remain to be determined. 

Throughout this labeling, epidemiological studies reported are of two types: retrospective or 
case control studies and prospective or cohort studies. Case control studies provide a measure 
of the relative risk of a disease. Relative risk, the ratio of the incidence of a disease among oral 
contraceptive users to that among non-users, cannot be assessed directly from case control 
studies, but the odds ratio obtained is a measure of relative risk. The relative risk does not pro- 
vide information on the actual clinical occurrence of a disease. Cohort studies provide not only 
a measure of the relative risk but a measure of attributable risk, which is the difference in the 
incidence of disease between oral contraceptive users and non-users. The attributable risk 
does provide information about the actual occurrence of a disease in the population. 
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hypertension, hypercholesterolemia, 
risk of heart attack for current oral contraceptive users has been estimated to be 2 to 6. The 
risk is very low under the age of 30. However, there is the possibility of a risk of cardiovascular 
disease even in very young women who take oral contraceptives. 
Smoking in combination with oral contraceptive use has been shown to contribute substantially 
to the incidence of myocardial infarctions in women 35 or older, with smoking accounting for 
the majority of excess cases. 
Mortality rates associated with circulatory disease have been shown to increase substantially 
in smokers over the age of 35 and non-smokers over the age of 40 among women who use oral 
contraceptives. 
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disease, such as hypertension, diabetes, hyperlipsdemias, hypercholesterolemia, age and obe- 
sity. In particular, some progestogens are known to decrease HDL cholesterol and impair oral 
glucose tolerance, while estrogens may create a state of hyperinsulinism. Oral contraceptives 
have been shown to increase blood pressure among users (see WARNINGS, section 9). Simi- 
lar effects on risk factors have been associated with an increased risk of heart disease. Oral 
contraceptives must be used with caution in women with cardiovascular disease risk factors. 


b. Thromboembolism 
An increased risk of thromboembolic and thrombotic disease associated with the use of oral 
contraceptives is well established. Case control studies have found the relative risk hduet 
compared to non-users to be 3 for the first episode of superficial venous thrombosis, 446 11 
ced aes ae paoa ilan, and 1.5 to 6 for women with predisposing 
conditions for venous thromboembolic disease. One cohort study has shown the relative risk to 
be somewhat lower, about 3 for new cases (subjects with no past history of venous thrombosis 
or varicose veins) and about 4.5 for new cases requiring hospitalization. The risk of throm- 
boembolic disease due to oral contraceptives is not related to length of use and disappears 
after pill use is stopped. 
A 2- to 6-fold increase in relative risk of post-operative thromboembolic complications has been 
reported with the use of oral contraceptives. If feasible, oral contraceptives should be discon- 
tinued at least 4 weeks prior to and for 2 weeks after elective surgery and during and following 
prolonged immobilization. Since the immediate postpartum period also is associated with an 
increased risk of thromboembolism, oral contraceptives should be started no earlier than 4 to 6 
weeks after delivery in women who elect not to breast feed. 
c. Cerebrovascular diseases 
An increase in both the relative and attributable risks of cerebrovascular events (thrombotic 
and hemorrhagic strokes) has been shown in users of oral contraceptives. In general, the risk 
is greatest among older (>35 years), hypertensive women who also smoke. Hypertension was 
found to be a risk factor for both users and non-users for both types of strokes while smoking 
interacted to increase the risk for hemorrhagic strokes. 
In a large study, the relative risk of thrombotic strokes has been shown to range from 3 for nor- 
motensive users to 14 for users with severe hypertension. The relative risk of hemorrhagic 
stroke is reported to be 1.2 for non-smokers who used oral contraceptives, 2.6 for smokers 
who did not use oral contraceptives, 76 for smokers who used oral contraceptives, 1.8 for nor- 
motensive users and 25.7 for users with severe hypertension. The attributable risk also is 
greater in women 35 or older and among smokers. 
d. Dose-related risk of vascular disease from oral 


A positive association has been observed between the amount of estrogen and progestogen in 


amount of progestogens used in the contraceptives. The amount of both hormones should be 
considered in the choice of an oral contraceptive. 
Minimizing exposure to estrogen and progestogen is in keeping with good principles of 


therapeutics. For any particular estrogen/progestogen combination, the dosage regimen pre- 
scribed should be one which contains the least amount of estrogen and progestogen that is 
compatible with a low failure rate and the needs of the individual patient. New acceptors of oral 
contraceptive agents should be started on preparations containing the lowest estrogen content 
that produces satisfactory results for the individual. 

e. Persistence of risk of vascular disease . 

There are three studies which have shown persistence of risk of vascular disease for ever- 
users of oral contraceptives. In a study in the United States, the risk of developing myocardial 
infarction after discontinuing oral contraceptives persists for at least 9 years for women 40-49 
years who had used oral contraceptives for 5 or more years, but this increased risk was not 
demonstrated in other age groups. In another study in Great Britain, the risk of developing 
cerebrovascular disease persisted for at least 6 years after discontinuation of oral contracep- 
tives, although excess risk was very small. Sanoati meine Bes tee 
increased relative risk after termination of use of oral contraceptives. However, these studies 

were performed with oral contraceptive formulations containing 0.05 mg or higher of estragen 
2. ESTIMATES OF MORTALITY FROM CONTRACEPTIVE USE 

One study gathered data from a variety of sources which have estimated the mortality rates 
associated with different methods of contraception at different ages. These estimates include 
the combined risk of death associated with contraceptive methods pus the rik attrbuabl to 
pregnancy in the event of method failure. Each method of contraception has its specific bene- 
fits and risks. The study concluded that with the exception of oral contraceptive users 35 and 
older who smoke and 40 and older who do not smoke, mortality associated with all methods of 
birth control is low and below that associated with childbirth. The observation of a possible 
increase in risk of mortality with age for oral contraceptive users is based on data gathered in 
the 1970s—but not reported in the US. until 1983. However, current clinical practice involves 
the use of lower estrogen dose formulations combined with careful restriction of oral contra- 
ceptive use to women who do not have the various risk factors listed in this labeling. 
Because of these changes in practice and, also, because of some limited new data which sug- 
gest that the risk of cardiovascular disease with the use of oral contraceptives may now be 
less than previously observed, the Fertility and Maternal Health Drugs Advisory Committee was 
asked to review the topic in 1989. The Committee concluded that although cardiovascular dis- 
ease risks may be increased with oral contraceptive use after age 40 in healthy non-smoking 
women (even with the newer low-dose formulations), there are greater potential health risks 
associated with pregnancy in older women and with the alternative surgical and medical proce- 
dures which may be necessary if such women do not have access to effective and acceptable 
means of contraception. 

Therefore, the Committee recommended that the benefits of oral contraceptive use by healthy 
non-smoking women over 40 may outweigh the possible risks. Of course, older women, as all 
women who take oral contraceptives, should take the lowest possible dose formulation that is 


3. CARCINOMA OF THE BREAST AND REPRODUCTIVE ORGANS 

Numerous epidemiological studies have been performed on the incidence of breast, endome- 
trial, ovarian and cervical cancer in women using oral contraceptives. The evidence in the liter- 
ature suggests that use of oral contraceptives is not associated with an increase in the risk of 
developing breast cancer, regardless of the age and parity of first use or with most of the mar- 
Astat Wanda gad Gna. The Cancer ahd Stxeid Hormone shy en shound vo lle effec 
on the risk of breast cancer for at least a decade following long-term use. A few studies have 
shown a slightly increased relative risk of developing breast cancer, although the methodology 
of these studies, which included differences in examination of users and non-users and differ- 
ences in age at start of use, has been questioned. Some studies have reported an increased 
relative risk of developing breast cancer, particularly at a younger age. This increased relative 
risk appears to be related to duration of use. 

Some studies suggest that oral contraceptive use has been associated with an increase in the 
risk of cervical intraepithelial neoplasia in some populations of women. However, there con- 
tinues to be controversy about the extent to which such findings may be due to differences in 
sexual behavior and other factors. 

ee ee ee 
cal cancers, a cause and effect relationship has not been established 

4. HEPATIC NEOPLASIA 

Benign hepatic adenomas are associated with oral contraceptive use although the incidence of 
benign tumors is rare in the United States. Indirect calculations have estimated the attributable 
risk to be in the range of 33 cases per 100,000 for users, a risk that increases after 4 or more 
years of use. Rupture of rare, benign, hepatic adenomas may cause death through intra- 
abdominal hemorrhage. 


Studies in the United States and Britain have shown an increased risk of developing hepatocel- 
lular carcinoma in long-term ( > 8 years) oral contraceptive users. However, these cancers are 
extremely rare in the United States and the attributable risk (the excess incidence) of liver can- 
cers in oral contraceptive users is less than 1 per 1,000,000 users. 
5. OCULAR LESIONS 
There have been clinical case reports of retinal thrombosis associated with the use of oral con- 
traceptives. Oral should be discontinued if there is unexplained partial or com- 
plete loss of vision; onset of proptosis or diplopia; papilledema; or retinal vascular lesions. 
Appropriate diagnostic and therapeutic measures should be undertaken immediately. 
6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY 
Extensive epidemiological studies have revealed no increased risk of birth defects in women 
who have used oral contraceptives prior to pregnancy. More recent studies do not suggest a 
teratogenic effect, particularly insofar as cardiac anomalies and limb reduction defects are 
concerned, when ino¢vei ently during early pregnancy. 
te 1 of oral contraceptives to induce withdrawal bleeding should not be used as 
pregnancy. Oral contraceptives should not be used during pregnancy to treat threat- 
Sred or habitual abortion. 
It is recommended that for any patient who has missed 2 consecutive periods, pregnancy 
should be ruled out before continuing oral contraceptive use. the patient has no adhered tp 
the prescribed schedule, the possibility of pregnancy should be considered at the time of the 
first missed period. Oral contraceptive use should be discontinued if pregnancy is confirmed. 
7. GALLBLADDER DISEASE 
Earlier studies have reported an increased lifetime relative risk of gallbladder surgery in users 
of oral contraceptives and estrogens. More recent studies, however, have shown that the rela- 
tive risk of developing gallbladder disease among oral contraceptive users may be minimal. The 
recent findings of minimal risk may be related to the use of oral contraceptive formulations 
containing lower hormonal doses of estrogens and progestogens. 
8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS 
Oral contraceptives have been shown to impair oral glucose tolerance. Oral contraceptives con- 
taining greater than 0.075 mg of estrogen cause glucose intolerance with impaired insulin 
secretion, while lower doses of estrogen may produce less glucose intolerance. Progestogens 
increase insulin secretion and create insulin resistance, this effect varying with different pro- 
gestational agents. However, in the non-diabetic woman, oral contraceptives appear to have no 
effect on fasting blood glucose. Because of these demonstrated effects, prediabetic and dia- 
betic women should be carefully observed while taking oral contraceptives. 
Some women may develop persistent hypertriglyceridemia while on the pill. As discussed ear- 
lier (see WARNINGS, sections la. and 1d.), cee ee Es ae Tapaa 
levels have been reported in oral contraceptive users 
§. ELEVATED BLOOD PRESSURE 
An increase in blood pressure has been reported in women taking oral contraceptives. The inci- 
dence of risk also was reported to increase with continued use and among older women. Data 
from the Royal College of General Practitioners and subsequent randomized trials have shown 
that the incidence of hypertension increases with increasing concentrations of progestogens. 
Women with a History of hypertension or hypertension-related diseases or renal disease should 
be encouraged to use another method of contraception. If women elect to use oral contracep- 
tives, they should be monitored closely and if significant elevation of blood pressure occurs 
oral contraceptives should be discontinued. For most women, elevated blood pressure will 
return to normal after stopping oral contraceptives and there is no difference in the occurrence 
of hypertension among ever- and never-users. 
10. HEADACHE 
The onset or exacerbation of migraine or development of headache with a new pattern which is 
aya gaa O COOR R 
cause. 


11. BLEEDING IRREGULARITIES 
Breakthrough bleeding and spotting are sometimes encountered in patients on oral contracep- 
tives, especially during the first 3 months of use. Non-hormonal causes should be considered 


excluded, time or a change to another formulation may solve the problem. In the event of amen- 

orrhea, pregnancy should be ruled out. 

Some women may encounter post-pill amenorrhea or oligomenorrhea, especially when such 
pre-existent. 


a condition was 
PRECAUTIONS 
1. PHYSICAL EXAMINATION AND FOLLOW-UP 


cancer or who have breast nodules should be monitored with particular care. 

2. LIPID DISORDERS 

Women who are being treated for hyperlipidemias should be followed closely if they elect to use 
oral contraceptives. Some progestogens may elevate LDL levels and may render the control of 


If jaundice develops in any woman receiving oral contraceptives the medication should be 
discontinued. Steroid hormones may be poorly metabolized in patients with impaired 
liver function. 

4. FLUID RETENTION 

Oral contraceptives may cause some degree of fluid retention. They should be prescribed with 
caution, and only with careful monitoring, in patients with conditions which might be aggra- 
vated by fluid retention. 

5. EMOTIONAL DISORDERS 

Women with a history of depression should be carefully observed and the drug discontinued if 
depression recurs to a serious degree. 

6. CONTACT LENSES 

Contact lens wearers who develop visual changes or changes in lens tolerance should be 
assessed by an ophthalmologist. 

7. DRUG INTERACTIONS 

ios tava mepa bard arpar aplanarea apear akr iage a 


bly with griseofulvin, ampicillin and tetracyclines. 

8. INTERACTIONS WITH LABORATORY TESTS 

Certain endocrine and liver function tests and blood components may be affected by oral 
a. Increased prothrombin and factors VII, VIII, IX, and X; decreased antithrombin 3; increased 
sanini ia dered pith 

b. Increased thyroid binding globulin (TBG) | to increased circulating total thyroid hor- 
aleppoden by pus Wied ies Po A b calra or y ee 
T3 resin uptake is decreased, reflecting the elevated TBG. Free T4 concentration is unaltered. 
c. Other binding proteins may be elevated in serum. 

d. Sex steroid binding globulins are increased and result in elevated levels of total circulating 
sex steroids and corticoids; however, free or biologically active levels remain unchanged. 


g Serum folate levels may be depressed by oral contraceptive es ee 
significance if a woman becomes pregnant shortly after discontinuing oral contraceptives. 
9. CARCINOGENESIS 
See WARNINGS section. 
10. PREGNANCY 
Pregnancy Category X. See CONTRAINDICATIONS and WARNINGS sections. 
11. NURSING MOTHERS 
Small amounts of oral contraceptive steroids have been identified in the milk of nursing moth- 
ers and a few adverse effects on the child have been reported, including jaundice and breast 
enlargement. In addition, oral contraceptives given in the postpartum period may interfere with 
lactation by decreasing the quantity and qualty of breast nik If possible, the nursing mother 
should be advised not to use oral contraceptives but to use other forms of contraception until 
she has completely weaned her child. 

INFORMATION FOR THE PATIENT 


See PATIENT LABELING. 
ADVERSE REACTIONS 
serious adverse reactions has been associated with the use 


There is evidence of an association between the following conditions and the use of oral contra- 
EN END TON CLES SAE al Mesenteric thrombosis © Reti- 


The following adverse reactions have been reported in patients receiving oral contraceptives 
and are believed to be drug-related: Nausea * Vomiting * Gastrointestinal symptoms (such as 


The following adverse reactions have been reported in users of oral contraceptives and the 
association has beea neither confirmed nor refuted: Pre-menstrual syndrome + Cataracts 
Changes in appetite * Cystitis-like syndrome * Headache + Nervousness © Dizziness * Hirsut- 
ism © Loss of scalp hair « Erythema multiforme * Erythema nodosum * Hemorrhagic eruption + 
Vaginitis + Porphyria + Impaired renal function + Hemolytic uremic syndrome + Budd-Chiari syn- 
drome * Acne * Changes in libido * Colitis 
OVERDOSAGE 

Serious ill effects have not been reported following acute ingestion of large doses of oral con- 
traceptives by young children. Overdosage may cause nausea, and withdrawal bleeding may 


occur in females. 
NON-CONTRACEPTIVE HEALTH BENEFITS 
liee jahenema erk drie gbara aes 
by studies which largely utilized oral formulations 


oandining ciiai danne axanda 05 tg o deine asimila 805 00 of eatianat 
Effects on menses: * Increased menstrual cycle regularity + Decreased blood loss and 
decreased incidence of iron deficiency anemia * Decreased incidence of dysmenorrhea 
Effects related to inhibition of ovulation: + Decreased incidence of functional ovarian cysts + 
Decreased incidence of ectopic pregnancies 

Effects from long-term use: * Decreased incidence of fibroadenomas and fibrocystic disease 
of the breast ° Decreased incidence of acute pelvic inflammatory disease » Decreased inci- 
dence of endometrial cancer * Decreased incidence of ovarian cancer 
©1991 Syntex Laboratories, Inc. 
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Teenage pregnancy prevention: The vital importance of the medical 299 
community’s involvement 

Willette L. LeHew, MD 

Norfolk, Virginia 


Attenuated proestrous luteinizing hormone surges in middle-aged rats 303 
are associated with decreased pituitary luteinizing hormone-@ 

messenger ribonucleic acid expression 

Barbara B. Hogg, BA, Dennis W. Matt, PhD, and Timothy E. Sayles 


Richmond, Virginia 


Before the luteinizing hormone surge, pituitary luteinizing hormone-6 messenger ribonucleic 
acid expression, but not luteinizing hormone content, is decreased in middle-aged rats with 
attenuated luteinizing hormone surges. 


Outcome of corticotropin stimulation testing in women with androgen 308 
excess and ovulatory dysfunction 
G. William Bates, MD, G. Martin French, MD, Betty B. Humphries, MN, and Dawn W. Blackhurst, MS 


Greenville, South Carolina 


Seventeen (41.5%) of 41 women with a dehydroepiandrosterone sulfate value >2.8 ug/ml had 
a positive corticotropin stimulation test result; 50% of those with a positive test result 
conceived within 6 months of receiving prednisone suppression therapy. 
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NEW FROM MITYVAC® 


M STYLE MECHANICAL 
PULL VACUUM EXTRACTOR 


Mityvac’’s new “M” Style Vacuum Extractor Cup is 
uniquely shaped to provide greater traction and excellent 
manipulation during vacuum assisted deliveries. The 
extractor cup is softly contoured and the flexible stem 
bends into a 90-degree angle, providing the “M” Style 
Cup with several distinct advantages: 











e Newly styled cup is shaped to provide mechanical pull for 
greater traction 


e Even at 90-degree angle, extractor cup holds tight vacuum and 
continues to perform throughout delivery 


iN NG e Manipulable design provides optimum angle of application 
aN à when minimal space is available 


e Smooth, low profile cup and flexible stem 
provide safe, easy insertion 


e Lightweight, flexible material enhances 
manipulation capabilities 


io © Technologically advanced one-piece 
f ventouse is fully assembled and ready 
a a for immediate use 
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| * Individually prepackaged in sterile pouches, 
=  theextractor cup, tube and filter are disposable 


m. Fully compatible with all Mityvac® pumps 
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The “M” Style Cup The patented manipulable 


provides firm control design draws vacuum and 
throughout delivery. remains fully functional 


even at a 90-degree angle. 


As pioneers of vacuum delivery technology in childbirth for more 
than 20 years, Mityvac® products of quality and reliability fulfill 
obstetrical needs around the world. 
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OBSTETRICAL 


VACUUM DELIVERY SYSTEM 


A Division of Neward Enterprises, Inc. 
9251 Archibald Avenue, Rancho Cucamonga, CA 91730 
(800) 648-9822 
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Etiologic factors of recurrent abortion and subsequent reproductive 313 
performance of couples: Have we made any progress in the past 10 

years? 

Leo Plouffe, Jr., MD, Evelyn W. White, MD, Sandra P. Tho, MD, Craig S. Sweet, MD, 

Lawrence C. Layman, MD, Gail F. Whitman, MD, and Paul G. McDonough, MD 


Augusta, Georgia 


In 76% of 131 patients investigated for recurrent abortion during 1987-1991 a diagnosis could 
be made, compared with only 63% for 100 patients studied between 1968-1977 in the same 
unit. 


Electroejaculation in combination with in vitro fertilization and gamete 322 
micromanipulation for treatment of anejaculatory male infertility 

Andrew A. Toledo, MD, Michael J. Tucker, PhD, James K. Bennett, MD, Bruce G. Green, MD, 

Hilton I. Kort, MD, Sharon R. Wiker, and Graham Wright, BSc 

Atlanta, Georgia 


When poor semen samples obtained by electroejaculation are unsuitable for intrauterine 
insemination, a combination of electroejaculation with in vitro fertilization and gamete 
micromanipulation improves chances of fertilization and pregnancy. 


Red blood cell transfusion and cesarean section 327 
Laurel A. Dickason, BA, and Mara J. Dinsmoor, MD 
Richmond, Virginia 


Only the presence of antepartum bleeding and a low preoperative hemoglobin are predictive 
of the need for blood transfusion associated with cesarean section. 
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Amnioinfusion: An aid in the ultrasonographic evaluation of severe 333 
oligohydramnios in pregnancy 

Thomas A. Quetel, MD, Andres A. Mejides, MD, Fawwaz A. Salman, MD, and 

Mayra M. Torres-Rodriguez, BS, RDMS 

Miami, Florida 


Amnioinfusion enabled a more comprehensive ultrasonographic evaluation of pregnancy 
complicated by severe oligohydramnios. 


Long-term outcome in fetal hydrops from parvovirus B19 infection 337 
Asad U. Sheikh, MD, Joseph M. Ernest, MD, and Michael O’Shea, MD 
Winston-Salem, North Carolina 


Neonatal outcome in two cases of fetal parvovirus B19 infection with spontaneous resolution 
of hydrops fetalis. 


Experience with mepivacaine paracervical block in an obstetric private 342 
practice 

J. Robert Goins, MD 

Hickory, North Carolina 


Effects of mepivacaine paracervical block on a series of 182 obstetric patients are presented. 


Refining the biophysical profile with a risk-related evaluation of test 346 
performance 

Lawrence D. Devoe, MD, Alaaeldin A. Youssef, MD, Paula Gardner, RN, Cheryl Dear, RN, BSN, and 

Cheri Murray, RN 

Augusta, Georgia 


Correlation of pregnancy outcome with results of fetal biophysical tests suggests that variables 
are interdependent and prognosis is related to specific combinations of abnormal variables. 


Excessive maternal weight and pregnancy outcome 353 
John W.C. Johnson, MD, Jeffrey A. Longmate, PhD, and Barbara Frentzen, RN, MSN 
Gainesville, Florida 


The correlation between maternal weight gain and cesarean section rate warrants a careful 
reappraisal of weight gain recommendations in pregnancy. 


A prospective randomized clinical trial comparing two oxytocin 373 
induction protocols 

Peter R. Muller, MD, Thomas M. Stubbs, MD, and Sherry L. Laurent, PhD 

Charlotte, North Carolina 


Larger-dose increments of oxytocin in association with slower time intervals may improve 
efficacy without an associated increase in hyperstimulation or poor neonatal outcome. 
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eè Less frequent dosing (gynecologic infection*: 
1-2 g q12h; prophylaxis: 1g as a single dose) helps 
reduce the chance of missed doses during your 
patient's care 


è Vell established—more and more patients treated 
every day 


e Demonstrated efficacy,’ long half-life, and sustained 
therapeutic concentrations? mean more confidence 
in coverage despite OR delays and prolonged 
procedures 


e Outstanding activity'*® against Neisseria 
gonorrhoeae, Escherichia coli, Bacteroides fragilis, 
and more...CDC-recommended for PID? and cost- 
effective 


For added assurance 


CEFOTAN... 


(cefotetan disodium) 


*Please refer to product labeling for indicated organisms. 
tin vitro activity does not necessarily correlate with in vivo effectiveness. 





Please see adjacent page for brief summary of prescribing information. 
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For Intravenous or Intramuscular Use 
PLEASE SEE FULL PRESCRIBING INFORMATION FOR A COMPLETE DESCRIPTION. 
A BRIEF SUMMARY FOLLOWS. 


INDICATIONS AND USAGE 
TREATMENT 


CEFOTAN is indicated for the therapeutic treatment of the following infections when caused by 
susceptible strains of the designated organisms: 

Urinary Tract Infections caused by £. coli, Klebsiella species (including K. pneumoniae), Proteus 
mirabilis, and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 

Lower Respiratory Tract Infections caused by Streptococcus pneumoniae (formerly D. pneumoniae), 
Staphylococcus aureus (penicillinase- and non ereke tare ay strains), Haemophilus influenzae 
(including ampicillin-resistant strains), Klebsiella species (including K. pneumoniae), E. coli, Proteus 
mirabilis, and Serratia marcescens*. 

Skin and Skin Structure Infections due to Staphylococcus aureus (penicillinase- and nonpenicillinase- 
producing strains), epidermidis, Streptococcus pyogenes, s species (excluding 
enterococci), Escherichia coli, Klebsiella pneumoniae, Peptococcus niger* Peptostreptococcus species. 

Gynecologic Infections caused by Staphylococcus aureus (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus species (excluding enterococci), 
Streptococcus agalactiae, E. coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species 
(excluding B. distasonis, B. ovatus, B. thetaiotaomicron), Fusobacterium species”, and gram-positive 
anaerobic cocci (including Peptococcus niger and Peptostreptococcus species). 

Cefotetan, like other cephalosporins, has no activity against Chlamydia trachomatis. Therefore, when 
cephalosporins are used in the treatment of pelvic inflammatory disease, and C. trachomatis is one of the 
ger ed atl sy appropriate antichlamydial coverage should be added. 

intra-abdominal Infections caused by £. coli, Klebsiella species (including K. pneumoniae), Streptococcus 
species (excluding enterococci), Bacteroides species (excluding B distasonis, B. ovatus, B. thetaiotaomicron) 
and Clostridium species”. 

Bone and Joint Infections caused by Staphylococcus aureus* 

“Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtainec in order to isolate and identify causative 
organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted before results 
of susceptibility studies are known; however, once these results become available, the antibiotic treat- 
ment should be adjusted accordingly. 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro against many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity of 
the infection and the patient's condition. 

NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
Lest pt! Ag be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 


The preoperative administration of CEFOTAN may reduce the incidence of certain postoperative 
infections in patients undergoing surgical procedures that are classified as clean contaminated or 
potentially contaminated (e.g., cesarean section, abdominal or vaginal hysterectomy, transurethral 
surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients ondergang cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for identification 
of the causative ae so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
jena oe is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 

BEFORE THERAPY WITH CEFOTAN IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO 
DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO 
CEFOTETAN DISODIUM, CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. IF THIS PRODUCT IS TO 
BE GIVEN TO PENICILLIN-SENSITIVE PATIENTS, CAUTION SHOULD BE EXERCISED BECAUSE CROSS- 
HYPERSENSITIVITY AMONG BETA-LACTAM ANTIBIOTICS HAS BEEN CLEARLY DOCUMENTED AND MAY 
OCCUR IN UP TO 10% OF PATIENTS WITH A HISTORY OF PENICILLIN ALLERGY. IF AN ALLERGIC 
REACTION TO CEFOTAN OCCURS, DISCONTINUE THE DRUG. SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE TREATMENT WITH EPINEPHRINE AND OTHER EMERGENCY MEASURES, 
INCLUDING OXYGEN, INTRAVENOUS FLUIDS, INTRAVENOUS ANTIHISTAMINES, CORTICOSTEROIDS, 
PRESSOR AMINES AND AIRWAY MANAGEMENT, AS CLINICALLY INDICATED. 

Pseudomembranous colitis has been reported with nearly all antibacterial agents, including 


cefotetan, and may range from mild to life-threatening. Onset of pseudomembranous colitis symptoms 
may occur during or after antibiotic treatment or surg sods is. Therefore, it is important to 
consider this diagnosis in patients who present with diarrhea subsequent to the administration of 


antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon and may permit overgrowth of 
clostridia. Studies indicate that a toxin produced by Clostridium difficile is a primary cause of “antibiatic- 
associated colitis.” 

After the diagnosis of pseudomembranous colitis has been established, therapeutic measures should 
be initiated. Mild cases of pseudomembranous colitis usually respond to discontinuation of the dru 
alone. In moderate to severe cases, consideration should be given to management with fluids and elec- 
trolytes, protein supplementation, and treatment with an oral antibacterial drug effective against 
Clostridium difficile. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity and, possibly, subsequent bleeding. Those at increased risk include patients with 
renal or hepatobiliary impairment or poor nutritional state, the elderly, and patients with cancer. Pro- 
ptr time should be monitored and exogenous vitamin K administered as indicated. 

General: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur oki therapy, appropriate measures should be taken. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 

Information for Patients: As with some other cephalosporins, a disulfiram-like reaction characterized 
by flushing, sweating, headache, and tachycardia may occur when alcohol rs wine, etc.) is ingested 
within 72 hours after CEFOTAN administration. Patients should be cautioned about the ingestion of 
alcoholic beverages following the administration of CEFOTAN. 

Drug Interactions: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
alone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 


aminoglycoside. 

reat pe oaia AA Test Interactions: The administration of CEFOTAN may result in a false-positive 
reaction for glucose in the urine using Clinitest®t, Benedict's solution, or Fehling’s solution. It is 
recommended that glucose tests based on enzymatic glucose oxidase be used. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of serum 
and urine creatinine levels by Jaffe reaction and produce false increases in the levels of creatinine reported. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Although long-term studies in animals have not 
been performed to evaluate carcinogenic potential, no mutagenic potential of cefotetan was found in 
standard laboratory tests. 
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Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 oe ae (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analogous to late childhood and por in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methyithiotetrazole- 
containing antibiotics and impaired fertility has been reported, particularly at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 m day SC for 5 weeks, or 
in infant oga (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 


findings to humans is unknown. 
Pregnancy: enic Effects. Pregnancy ney B: Reproduction studies have been performed in” 
rats and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies 
in pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 

Nursing Mothers: Cefotetan is excreted in human milk in very low concentrations. Caution should be 
exercised when cefotetan is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. Those 

ap mow in italics have been reported a postmarketing experience. 

ntestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700); pseudomembranous colitis. Onset of pseudomembranous colitis symptoms may occur 
during or after antibiotic treatment or surgical prophylaxis. (See WARNINGS. ) 

Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 
200), positive direct Coombs test (1 in 200), and wk er ede (1 in 300); agranulocytosis, hemolytic 
anemia, leukopenia, thrombocytopenia, and prolonged prothrombin time. 

Hepatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

ed reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 
(1 in 700); anaphylactic reactions. 

Local effects were a in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). 

Miscellaneous: Fever 

In addition to the adverse reactions listed above which have been observed in patients treated with 
cefotetan, the following adverse reactions and altered laboratory tests have been reported for cephalo- 
sporin-class antibiotics: urticaria, pruritis, Stevens-Johnson syndrome, erythema multiforme, toxic epidermal 
necrolysis, vomiting, abdominal pain, colitis, superinfection, vaginitis including vaginal candidiasis, renal 
dysfunction, toxic nephropathy, hepatic dysfunction including cholestasis, aplastic anemia, hemorrhage, 
increased BUN, increased creatinine, elevated bilirubin, pancytopenia, and neutropenia. 

Several cephalosporins have been implicated in of seizures, particularly in patients with renal 
impairment when the dosage was not reduced (see DOSAGE AND ADMINISTRATION and OVERDOSAGE). 
If seizures associated with drug therapy occur, the drug should be discontinued. Anticonvulsant therapy 
can be given if clinically indicated. 

DOSAGE AND ADMINI ION 
TREATMENT 


The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intramuscularly 
every 12 hours for 5 to 10 days. Proper dosage and route of administration should be determined by the 
condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 
1 or 2 g every 24 hours IV or IM 
1 or 2 g every 12 hours IV or IM 
Skin & Skin Structure 
Mild-Moderatea 2 grams 2 g every 24 hours IV 
1 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Other Sites 2-4 grams 1 or 2g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6 grams? 3 g every 12 hours IV 


aK. -o jad skin and skin structure infections should be treated with 1 or 2 grams every 12 hours 
IV or IM. 
b Maximum daily dosage should not exceed 6 grams. 
If C. trachomatis is a suspected pathogen in gynecologic infections, appropriate antichlamydial 
coverage roy be added, since cefotetan has no activity against this organism. 


To prevent postoperative infection in clean contaminated or potentially contaminated surgery in adults, 
the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 30 to 60 minutes 
prior to surgery. In patients undergoing cesarean section, the dose should be administered as soon as 
the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION 

When renal function is impaired, a reduced dosage schedule must be employed. See FULL PRESCRIBING 
INFORMATION for a complete description. 

NOTE: Parenteral drug products should be inspected visually for particulate matter and discoloration 
prior to administration whenever solution and container permit. 
Clinitest®* is a registered trademark of Ames Division, Miles Laboratories, Inc. 
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The use of carbon dioxide laser laparoscopy in the treatment of tubal 
ectopic pregnancies 

John D. Paulson, MD 

Annandale, Virginia 


Laser laparoscopy for removal of unruptured ectopic pregnancies may be the treatment of 
choice in selected individuals. 


Intrauterine pressure and fluid absorption during continuous flow 
hysteroscopy 


Spyro P. Vulgaropulos, MD, Leigh C. Haley, MD, and Jaroslav F. Hulka, MD 
Chapel Hill, North Carolina 


Fluid overload during hysteroscopy with continuous-flow distention may be caused by partial 
perforations or transected venous channels rather than elevated pressures. 


Obesity and lower urinary tract function in women: Effect of surgically 
induced weight loss 


Richard C. Bump, MD, Harvey J. Sugerman, MD, J. Andrew Fantl, MD, and Donna K. McClish, PhD 
Richmond, Virginia 


Significant subjective and objective improvement in lower urinary tract function was 
demonstrated in 13 morbidly obese women after massive, surgically induced weight reduction. 


The incidence of genital prolapse after the Burch colposuspension 
Anne K. Wiskind, MD, Sarah M. Creighton, MD, and Stuart L. Stanton 
Atlanta, Georgia, and London, England 


The development of postoperative enterocele, rectocele, and uterine descent are significant late 
complications of the Burch colposuspension operation. 


Evaluation of pretreatment transvaginal ultrasonography in the 
management of patients with endometrial carcinoma 

Charles F. Shipley III, MD, Sidney T. Smith, MD, Edward J. Dennis III, MD, and 
George H. Nelson, PhD, MD 

Columbia, South Carolina 


Pretreatment ultrasonographic measurements of tumor grade, depth of invasion, uterine 
volume, and tumor volume are useful in the management of endometrial carcinoma. 


The treatment of pelvic soft tissue radiation necrosis with hyperbaric 
oxygen 


James A. Williams, Jr., MD, Dick Clarke, William A. Dennis, MD, Edward J. Dennis III, MD, and 
S.T. Smith, MD 
Columbia, South Carolina 


A series of patients with radiation-induced vaginal necrosis treated with hyperbaric oxygen is 
presented. 
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CLINICAL SECTION 
W Clinical Opinion 


The incidence of cerebral palsy 417 
Mortimer G. Rosen, MD, and Janet C. Dickinson, BSN, MSW 
New York, New York 


Cerebral palsy with either antepartum or intrapartum causes occurs in approximately 1.8 per 
1000 term infants and 8 per 1000 preterm infants. 


W Clinical Articles 


Home uterine activity monitoring in France: A randomized, controlled 424 
trial 

Béatrice Blondel, PhD, Gérard Bréart, MSc, MD, Yves Berthoux, MD, Michel Berland, MD, 

Georges Mellier, MD, René-Charles Rudigaz, MD, and Jean-Marie Thoulon, MD 

Villejuif and Lyon, France 


No significant difference in preterm delivery rate was observed when home uterine activity 
was compared with standard care in high-risk women. 


Maternal hyperoxygenation in the treatment of intrauterine growth 430 
retardation 

Cesare Battaglia, MD, Paolo G. Artini, MD, Gerardo D’Ambrogio, MD, Paolo A. Galli, MD, 

Alberto Segre, MD, and Andrea R. Genazzani 

Modena, Italy 


The study suggests a benefit of oxygen therapy for the treatment of severe intrauterine growth 
retardation. 


Behavioral treatment of menopausal hot flushes: Evaluation by 436 
ambulatory monitoring 

Robert R. Freedman, PhD, and Suzanne Woodward, PhD 

Detroit, Michigan 


Slow, deep breathing significantly reduces the frequency of hot flushes, as documented by 
ambulatory physiologic monitoring. 


Increased lipolytic activity and high ratio of free fatty acids to albumin 440 
in sera from women with preeclampsia leads to triglyceride 

accumulation in cultured endothelial cells 

Marit J. Endresen, BScD, Bjørg Lorentzen, MD, and Tore Henriksen, MD, PhD 


Oslo, Norway 


Sera from women with preeclampsia contain an increased lipolytic activity and have a higher 
ratio of free fatty acids to albumin, leading to triglyceride accumulation in cultured 
endothelial cells. 
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Use of the fetal chest in estimating fetal weight 448 
Hung N. Winn, MD, Phillip N. Rauk, MD, and Roy H. Petrie, MD, ScD 
St. Louis, Missouri, and Pittsburgh, Pennsylvania 


The fetal chest circumference can be used in combination with the biparietal diameter or the 
humeral length to estimate the fetal weight. 


Oral condyloma lesions in patients with extensive genital human 451 
papillomavirus infection 

Pierluigi Benedetti Panici, MD, Giovanni Scambia, MD, Lidia Perrone, MD, Francesco Battaglia, MD, 

Paola Cattani, MD, Carla Rabitti, MD, Giuseppe Dettori, MD, Arnaldo Capelli, MD, Alexander Sedlis, MD, 
and Salvatore Mancuso, MD 

Rome, Italy, and Brooklyn, New York 


Human papillomavirus—associated lesions were found in the oral cavities of patients with 
genital condylomatosis; colposcopy was found to be useful in detecting oral condyloma lesions. 


A comparison of circulating hormone levels in postmenopausal women 459 
receiving hormone replacement therapy 

Raymond W. Jurgens, Jr., PhD, Laurence J. Downey, MD, William D. Abernethy, BS, Neal R. Cutler, MD, 
and Julie Conrad, RN 

Marietta, Georgia, and Beverly Hills, California 


There were no significant differences among the hormone replacement therapy treatment 
groups with respect to concentrations of estrone and estradiol over time. 


Prenatal diagnosis of human parvovirus B19 in nonimmune hydrops 461 
fetalis by polymerase chain reaction 
Bruce W. Kovacs, MD, Dru E. Carlson, MD, Bejan Shahbahrami, MS, and Lawrence D. Platt, MD 


Los Angeles, California 


Human parvovirus B19 was identified with the polymerase chain reaction in fetal blood and 
amniotic fluid in cases of nonimmune hydrops fetalis. 


Angina and normal coronary arteries in women: Gynecologic findings 467 
Philip M. Sarrel, MD, David Lindsay, MA, Giuseppe M.C. Rosano, MD, and Philip A. Poole-Wilson, MD 
New Haven, Connecticut, and London, England 


17 B-Estradiol deficiency may induce pathophysiologic changes contributing to anginal 
symptoms in women diagnosed with syndrome X. 


Modulation of cell-to-cell coupling between myometrial cells of the 472 
human uterus during pregnancy 
Nobuyoshi Sakai, MD, PhD, Thomas Tabb, MD, and Robert E. Garfield, PhD 


Galveston, Texas 


Electric and metabolic coupling between human myometrial cells in intact uterine tissues was 
shown to be regulated by both appearance and permeability of gap junctions. 
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Effects of danazol at the immunologic level in patients with 481 
adenomyosis, with special reference to autoantibodies: A multi-center 

cooperative study 

Hirotaka Ota, MD, Masahiro Maki, MD, Yoshihiro Shidara, MD, Hideya Kodama, MD, 

Hiromu Takahashi, MD, Masaaki Hayakawa, MD, Ryoju Fujimori, MD, Toru Kushima, MD, 

and Koichi Ohtomo, MD 

Akita, Noshiro, Hachirogata, Omagari, and Yokote, Japan 


This article describes the effects of danazol on immunologic response, particularly on the 
levels of autoantibodies in patients with adenomyosis. 


Serial measurements of platelet angiotensin II binding in two patients 487 
with hypertension in pregnancy: Case reports 

Philip N. Baker, DM, and Fiona Broughton Pipkin, DPhil 

Nottingham, England 


The fall in platelet angiotensin II binding that is seen in normotensive pregnancy did not 
occur in two patients who had hypertension in pregnancy. 


ifosfamide alone and in combination in the treatment of refractory 489 
malignant gestational trophoblastic disease 

Gregory P. Sutton, MD, John T. Soper, MD, John A. Blessing, PhD, Kenneth D. Hatch, MD, 

and Danny R. Barnhill, MD 

Indianapolis, Indiana, Durham, North Carolina, Buffalo, New York, Tucson, Arizona, and 

Washington, D.C. 


Ifosfamide is an active agent alone and may be curative in combination with etoposide and 
cisplatin in refractory choriocarcinoma. 


Circulating concentrations of fetal fibronectin do not reflect reduced 496 
trophoblastic invasion in preeclamptic pregnancies 

Steven A. Friedman, MD, Christianne J.M. de Groot, MD, Robert N. Taylor, MD, PhD, and 

James M. Roberts, MD 

San Francisco, California 


We are unable to demonstrate decreased maternal plasma fetal fibronectin at 16 to 20 weeks’ 
gestation in women who subsequently have preeclampsia. 


Resident research in obstetrics and gynecology: Development of a 498 
program with comparison to a national survey of residency programs 

Patricia J. Sulak, MD, Julie A. Croop, RN, Argye Hillis, PhD, and Thomas J. Kuehl, PhD 

Temple, Texas 


A program was developed to initiate resident research and a Resident Research Day; it was 
compared with a national survey of residency programs in obstetrics and gynecology. 


Contents continued on page 14A) 


13A 


Contents continued from page 13A 





Nonimmune fetal hydrops caused by bilateral type III congenital cystic 503 
adenomatoid malformation of the lung at 17 weeks’ gestation 


David M. Sherer, MD, Jacques S. Abramowicz, MD, Leon A. Metlay, MD, Michele Roberts, MD, PhD, and 
James R. Woods, Jr., MD 
Rochester, New York 


Massive cardiac compression caused by bilateral congenital cystic adenomatoid malformation 
of the lung (type III) resulted in nonimmune fetal hydrops and oligohydramnios at 17 weeks’ 
gestation. 


Case Reports 


Pregnancy complicated by chronic cardiomyopathy and an automatic 506 
implantable cardioverter defibrillator 

Jeanna M. Piper, MD, Michael Berkus, MD, and Louis E. Ridgway III, MD 

San Antonio, Texas 


We describe a successful pregnancy outcome in a patient with chronic dilated cardiomyopathy 
and malignant arrhythmias that required an automated implantable cardioverter defibrillator. 


Repeated external cephalic version at term 508 
Doron J.D. Rosen, MD, Jeffrey S. Illeck, MD, and Jeffrey S. Greenspoon, MD 
Los Angeles, California 


External cephalic version was performed three times at term for spontaneous reversion to 
breech. 


Congenital deficiency of a-fetoprotein 509 
Frank Greenberg, MD, Andrew Faucett, MS, Esmie Rose, PhD, Lisa Bancalari, MS, Nataline B. Kardon, MD, 
Gerald Mizejewski, PhD, James E. Haddow, MD, and Elliot Alpert, MD 

Houston, Texas, Flushing and Albany, New York, and Scarborough, Maine 


Congenital deficiency of a-fetoprotein in two otherwise normal infants suggests that this 
condition is a benign trait analogous to analbuminemia. 


Successful pregnancy outcomes after amniotic fluid embolism 911 
Steven L. Clark, MD 
Salt Lake City, Utah 


After near-fatal amniotic fluid embolism, two patients underwent recurrent uneventful 
pregnancy and delivery. 


Hepatotoxicity with the administration of nifedipine for treatment of 512 
preterm labor 

George F. Sawaya, MD, and Patricia A. Robertson, MD 

San Francisco, California 


Hepatotoxicity possibly caused by the administration of nifedipine for the treatment of 
preterm labor is reported in a previously healthy primiparous woman. 
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Vaginal foreign body extraction by forceps: A case report 514 
Kevin R. Emge, DO 
Chicago, Illinois 


The use of obstetric forceps for the removal of a vaginal foreign body is described. 


Leiomyomatosis peritonealis disseminata treated with a 515 
gonadotropin-releasing hormone agonist 

Holly Ann Hales, BS, C. Matthew Peterson, MD, Kirtly P. Jones, MD, and Jeffrey D. Quinn, MD 

Salt Lake City, Utah 


A case of leiomyomatosis peritonealis disseminata successfully treated with a 
gonadotropin-releasing hormone agonist is described. 


A case of hidradenitis suppurativa treated with gonadotropin-releasing 517 
hormone agonist and by total abdominal hysterectomy with bilateral 
salpingo-oophorectomy 

Jan-Willem Bogers, MD, Willy Minderhoud-Bassie, MD, and Frans J.M. Huikeshoven, MD, PhD 

Rotterdam, The Netherlands 


A patient with hidradenitis suppurativa was, after a trial with buserelin, treated by total 
abdominal hysterectomy with bilateral salpingo-oophorectomy combined with estrogen 
substitution. 
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Autonomic nervous system regulation of baseline heart rate in the 519 
fetal lamb 


Akihiko Wakatsuki, MD, Yuji Murata, MD, Yuko Ninomiya, MD, Naoki Masaoka, MD, 
James G. Tyner, MD, and Krishna K. Kutty 
Orange, California 


In the low-voltage, fast-activity behavioral state sympathetic tone increases, and in 
high-voltage, slow activity parasympathetic tone increases; both increase with gestational age. 


Interferon-y receptors on human gestational choriocarcinoma cell 524 
lines: Quantitative and functional studies 


Vilmos Fulop, MD, Michael A. Steller, MD, Ross S. Berkowitz, MD, and Deborah J. Anderson, PhD 
Boston, Massachusetts 


Variations in the response of choriocarcinoma cell lines to interferon-y are not the result of 
differences in interferon-y receptor number or affinity but of postreceptor mechanisms. 
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Effects of sustained hypoxemia on the sheep fetus at midgestation: 531 
Endocrine, cardiovascular, and biophysical responses 

Yoshio Matsuda, MD, John Patrick, MD, Lesley Carmichael, BSc, John Challis, PhD, and Bryan Richardson, 
MD 

Kagoshima, Japan, and London, Ontario, Canada 


The sheep fetus at midgestation demonstrates minimal change in cardiovascular and 
biophysical activity in response to sustained hypoxemia with progressive acidemia. 


Intracellular calcium and the signaling mechanism of luteinizing 541 
hormone-releasing hormone in rat granulosa cells 

Jian Wang, PhD, Gillian L. Steele, MSc, Kenneth G. Baimbridge, PhD, Marie R. Rodway, PhD, 

and Peter C.K. Leung, PhD 

Vancouver, British Columbia, Canada 


Rat granulosa cells respond to luteinizing hormone-releasing hormone with a single transient 
increase in intracellular Ca++, which appears to be a result of its release from intracellular 
stores. 


Comparative analysis of normal and growth-retarded placentas with 548 
phosphorus nuclear magnetic resonance spectroscopy 

Helen H. Kay, MD, Saralyn R. Hawkins, MD, John D. Gordon, MD, Yuping Wang, MD, 

Anthony A. Ribeiro, PhD, and Leonard D. Spicer, PhD 

Durham, North Carolina 


Phosphorus nuclear magnetic resonance spectroscopic analysis demonstrates differences 
between normal placentas and growth-retarded placentas of unknown cause, which may 
represent response to hypoxia. 


Electrocortical activity, electroocular activity and breathing movements 553 
in fetal sheep with prolonged and graded hypoxemia 
Bryan S. Richardson, MD, Lesley Carmichael, BSc, Jacobus Homan, BSc, and John E. Patrick, MD 


London, Ontario, Canada 


Chronic induced fetal hypoxemia must approach the level at which acidemia becomes 
apparent before a marked change in fetal behavioral activity is noted. 


An immunochemical and immunocytologic study of the increase in 559 
myometrial gap junctions (and connexin 43) in rats and humans during 

pregnancy 

Thomas Tabb, MD, Gisela Thilander, VMD, Ashok Grover, PhD, Elliott Hertzberg, PhD, and 

Robert Garfield, PhD 

Galveston, Texas, Hamilton, Ontario, Canada, and Bronx, New York 


Gap junctions were shown to be significantly elevated in rat myometria during term and 
preterm birth and also in humans during late pregnancy with antibodies to connexin 43 for 
immunocytochemistry and immunoblots. 
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| SE 
PLANT SYSTEM 


levonorgestrel implants 





Six reasons why you can 
feel comfortable recommending 


it to your patients 





Effectiveness comparable 
to tubal ligation 


Although no contraceptive is 100% effective, the 
NORPLANT SYSTEM is one of the most effective 
forms of birth control ever developed. The 
average annual gross pregnancy rate over a 
five-year period is less than 1%. 


Lowest expected and typical failure rates with 
NORPLANT SYSTEM vs. sterilization during first-year use’ 








ae 0.2% NORPLANT SYSTEM 


ee 0.2% -0.4% Female sterilization 


Adapted from Trussell J, et al! 
Long-term convenience... 


estrogen-free 

NORPLANT SYSTEM, a progestin-only 
contraceptive, is an excellent option for 
women desiring a long-term method. 
Its effectiveness lasts for five years and 
is not dependent on compliance. 


Reversible, with prompt 
return to previous level 
of fertility 


NORPLANT SYSTEM is reversible 
at any time; the contraceptive 
effect ceases when the 
capsules are removed. 

In one study, 40% of women 
wanting to conceive did so within 
3 months of removal, 63% by 6 months, 








76% by 12 months, and 90% by 24 months.’ Wy | & ON 
RPLANT SYSTEM 


levonorgestrel implants 





High patient acceptance 
despite menstrual pattern 
changes 


NORPLANT SYSTEM causes menstrual 
irregularities (the most common complaint) * 
which occur in many women during first-year 
use and diminish over time. Only 9.1% of 
patients discontinued during first-year use 
due to these changes.*' 


Women who are thoroughly informed of 
potential menstrual changes and side effects 
are more tolerant of them when they occur.‘ 


Well-received, well-liked 
by American women 


One study of 140 users revealed that 94% 
were Satisfied with NORPLANT SYSTEM, 
91% recommended it to their friends, 
and 74% wanted to use it again.’ 


A 10- to 15-minute office 
procedure 


A local anesthetic and a small 2 mm 
incision...little or no discomfort during 
insertion...proper placement should not 
leave a noticeable scar...in most 
cases sutures are not needed. 


*Serious as well as minor side effects 
may occur (see prescribing information). 
tł Based on multicenter trials of 
2,470 women. 
Please see brief summary of prescribing 
information on adjacent page. 








Lasts 5 years...yet is reversible 
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WY 
RPLANT SYSTEM 


levonorgestrel implants 
Lasts five years...yet is reversible 





BRIEF SUMMARY OF PRESCRIBING INFORMATION. CONSULT THE PACKAGE LITERATURE FOR 
FULL PRESCRIBING INFORMATION. 

Indications and Usage 

The NORPLANT SYSTEM is indicated for the prevention of pregnancy and is a long-term (up to 
5 years) reversible contraceptive system. The capsules should be removed by the end of the 5th 
year. New capsules may be inserted at that time if continuing contraceptive protection is desired. 
Contraindications 

1. Active thrombophlebitis or thromboembolic disorders. 2. Undiagnosed abnormal genital 
bleeding. 3. Known or suspected pregnancy. 4. Acute liver disease; benign or malignant liver 
tumors. 5. Known or suspected carcinoma of the breast. 

Warnings 

A. WARNINGS BASED ON EXPERIENCE WITH THE NORPLANT SYSTEM 


1. Bleeding Irregularities — Most women can expect some variation in menstrual bleeding patterns. 


Irregular menstrual bleeding, intermenstrual spotting, prolonged episodes of bleeding and spotting, 
and amenorrhea may occur, and could mask symptoms of cervical or endometrial cancer. Overall, 
these irregularities diminish with continued use. Because amenorrhea may occur, missed 
menstrual periods cannot serve as the only identifier of early pregnancy. Perform pregnancy tests 
whenever pregnancy is suspected. If pregnancy occurs, the capsules must be removed. 
Hemoglobin concentrations found in clinical trials generally indicated that reduced menstrua! blood 
loss is associated with NORPLANT SYSTEM use. Blood loss resulting in hemoglobin values 
consistent with anemia occurred rarely. 

2. Delayed Follicular Atresia — Atresia of the follicle is sometimes delayed, resulting in enlarged 
follicles that are clinically indistinguishable from ovarian cysts. In the majority of women, enlarged 
follicles disappear spontaneously. Rarely, they twist or rupture and surgical intervention may be 
required. 

3. Ectopic Pregnancies — Ectopic pregnancies have occurred among NORPLANT SYSTEM users, 
although clinical studies have shown no increase in the rate of ectopic pregnancies per year among 
NORPLANT SYSTEM users as compared with users of no method or of IUDs. The incidence among 
NORPLANT SYSTEM users (1.3 per 1000 woman-years) was significantly below the rate estimated 
for noncontraceptive users in the U.S. (2.7 to 3.0 per 1000 woman-years). Ectopic pregnancy risk 
may increase with duration of NORPLANT SYSTEM use and increased weight of the user. Rule out 
ectopic pregnancy in any patient presenting with lower-abdominal pain. 

4. Breast-feeding — Steroids are not the contraceptives of first choice for lactating women. 
Levonorgestrel has been identified in breast milk. Limited data suggests no significant effects on 
infant growth or health when mothers used the NORPLANT SYSTEM beginning 6 weeks after 
parturition. 

5. Foreign-body Carcinogenesis — Rarely, cancers occur at foreign-body intrusion sites or old 
scars. None has been reported in NORPLANT SYSTEM Clinical trials and risk to users is judged to 
be minimal. 

6. Thromboembolic Disorders — Remove capsules if active thrombophlebitis or thromboembolic 
disease develops. With prolonged immobilization removal should be considered. 

B. WARNINGS BASED ON EXPERIENCE WITH COMBINATION (PROGESTIN PLUS ESTROGEN) 
ORAL CONTRACEPTIVES (OCs) 

Note: Many of the side effects or risks listed below are thought to be estrogen-related; the 
association of the NORPLANT SYSTEM progestin-only method to these risks is unknown. 

1. Cigarette Smoking — Cigarette smoking increases the risk of serious cardiovascular side effects 
from combined OC use. Risk increases with age and heavy smoking (215 cigarettes/day) and is 
quite marked in women over 35 years old. 

2. Elevated Blood Pressure — Increase in blood pressure has been reported in combination OC 
users; prevalence increases with long exposure. 

3. Thromboembolic Disorders and Other Vascular Problems — An increased risk of 
thromboembolic and thrombotic disease is associated with combination OC use. Estimate of 
relative risk is 4- to 11-fold higher for users vs. nonusers. 

Cerebrovascular Disorders: Combination OCs increase the relative and attributable risk of 
cerebrovascular events (thrombotic and hemorrhagic strokes). Generally, risk is greatest among 
hypertensive women > 35 years of age who smoke. 

Myocardial infarction (MI): An increased risk of MI has been attributed to combined OC use. This is 
thought to be primarily thrombotic in origin and related to the estrogen component. Increasec risk 
occurs primarily in smokers or women with other underlying risk factors for coronary-artery 
disease. Relative risk of heart attack for combined OC users is estimated as 2 to 6 times that for 
nonusers. Absolute risk is very low for women under 30 years old. 

Studies indicate a significant trend toward higher MI and stroke rates with increased progestin 
doses in combination OCs. However, recent data indicated no increased MI risk with past use of 
levonorgestrel-containing OCs. 

4. Carcinoma — Recent evidence in the literature suggests no association between OC use and 
increased risk of breast cancer in the overall population of users. The Cancer and Steroid Hormone 
(CASH) stucy also showed no latent effect on breast cancer risk for at least a decade following 
long-term use. Some of these same studies have shown an increased relative risk of breast cancer 
in certain subgroups; no consistent pattern has been identified. Some studies suggest an 
association between combination OCs and an increase in the risk of cervical intra-epithelial 
neoplasia in some populations of women. The extent to which such findings may be due to 
differences in sexual behavior and other factors remains controversial. A cause-and-effect 
relationship between combined OC use and breast or cervical cancer has not been established. 
Combination OCs may decrease ovarian and endometrial cancer risk. Irregular bleeding patterns 
associated with NORPLANT SYSTEM use could mask cervical or endometrial cancer symptoms. 

5. Hepatic Tumors — Hepatic adenomas are associated with combination OC use; estimated 
incidence is 3 events per 100,000 users per year. Risk increases after 4 or more years of use. 
Hepatic adenomas are benign but may rupture and cause death through intra-abdominal 
hemorrhage. 

6. Ocular Lesions — Retinal thrombosis is associated with OC use and is believed to be related to 
the estrogen component. However, NORPLANT SYSTEM capsules should be removed if there is 
unexplained partial or complete vision loss; onset of proptosis or diplopia; papilledema; or retina! 
vascular lesions. Undertake appropriate diagnostic and therapeutic measures immediately. 

7. Use Before or During Early Pregnancy — Extensive epidemiological studies reveal no increased 
risk of birth defects when OCs are used prior to pregnancy. Studies also do not suggest a 
teratogenic effect when taken inadvertently during early pregnancy. No evidence suggests that risk 
with NORPLANT SYSTEM use is different. 
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8. Gallbladder Disease — Early studies reported an increased lifetime relative risk of gallbladder 
surgery in OC or estrogen users. More recent studies, however, indicate that the relative risk of 
gallbladder disease with OC use may be minimal; this may be related to use of OCs with less 
estrogen and progestin content. 
Precautions 
GENERAL 
1. Physical Examination and Follow-up —A complete medical history and physical examination 
should be taken prior to implantation or reimplantation of NORPLANT SYSTEM capsules and at 
least annually during its use. Exams should include special reference to the implant site, blood 
pressure, breasts, abdomen and pelvic organs, including cervical cytology and relevant laboratory 
tests. Rule out malignancy in cases of undiagnosed, persistent or recurrent abnormal vaginal 
bleeding. Women with a strong family history of breast cancer or who have breast nodules should 
be monitored with particular care. 
2. Carbohydrate Metabolism — Altered glucose tolerance is found in some combination and 
progestin-only OC users. Effects of NORPLANT SYSTEM on carbohydrate metabolism appear 
minimal. Observe diabetic and prediabetic patients carefully while using the NORPLANT SYSTEM. 
Follow women being treated for hyperlipidemias closely if using the NORPLANT SYSTEM. Some 
ba oy may elevate LDL anc may render control of hyperlipidemias more difficult. (See 
arnings.) 
3. Liver Function — Consider removing capsules if jaundice develops. Steroid hormones may be 
poorly metabolized in patients with impaired liver function. 
4. Fluid Retention — Steroid contraceptives may cause some degree of fluid retention. Prescribe 
with caution, and careful monitoring, in patients with conditions possibly aggravated by fluid 
retention. 
5. Emotional Disorders — Consider removing capsules if significant depression occurs since the 
symptom may be drug-related. Observe carefully those with history of depression and consider 
removal if depression recurs to a serious degree. 
6. Contact Lenses —Contact-lens wearers who develop visual changes or changes in lens 
tolerance should be assessed by an ophthalmologist. 
7. Insertion and Removal — Insertion is advised during the first 7 days of the cycle or immediately 
following abortion to insure that the woman is not pregnant and to assure contraceptive 
effectiveness during first cycle of use. Capsules may be inserted at any time during the cycle 
provided pregnancy has been excluded and a nonhormonal contraceptive method is used for the 
remainder of the cycle. Insertion is not recommended before 6 weeks postpartum in breast-feeding 
women. Follow insertion and removal instructions closely. Healthcare professionals are strongly 
advised to be instructed in the procedures before they attempt them. Proper insertion just under the 
skin facilitates removals; proper insertion and removal should result in minimal scarring. If all 
capsules cannot be removed at first attempt, attempt removal later when the site has healed. 
Bruising may occur at implant site during insertion or removal. Hyperpigmentation may occur over 
implant site but is usually reversible following removal. See Full Prescribing Information for 
Detailed Insertion/Removal Instructions. 
8. Infections — Implant site infection has been uncommon (0.7%); aseptic technique and proper 
insertion/removal reduces possibility of infection. Institute treatment if infection occurs; remove 
capsules if infection persists. 
9. Expulsion — Expulsion of capsules was uncommon; frequency increased when capsule 
placement was extremely shallow, was too close to incision, or when infection was present. 
Replace expelled capsule with new sterile capsule. Treat and cure any infection before replacement. 
Contraceptive efficacy may be inadequate with fewer than 6 capsules. 
10. Provisions for Removal — Advise women that capsules may be removed at any time for any 
reason. Personnel instructed in removal technique should perform removal on request or at the end 
of 5 years of usage. Upon removal, dispose of capsules in accordance with Centers for Disease 
Control Guidelines for biohazardous waste. 
DRUG INTERACTIONS: Reduced efficacy (pregnancy) in NORPLANT SYSTEM users has been 
reported when phenytoin or carbamazepine were used concomitantly. Warn NORPLANT SYSTEM 
users of possible decreased efficacy with use of related drugs. 
DRUG/LABORATORY TEST INTERACTIONS: 1. Sex-hormone-binding globulin concentrations are 
decreased. 2. Thyroxine concentrations may be slightly decreased and triiodothyronine uptake 
increased. 
CARCINOGENESIS: See Warnings section and Full Prescribing Information. 
PREGNANCY: Pregnancy Category X. See Warnings section and Full Prescribing Information. 
NURSING MOTHERS: See Warnings section and Full Prescribing Information. 
INFORMATION FOR THE PATIENT: See Patient Labeling. Provide copy of patient labeling to the 
patient. Advise patients that Prescribing Information is available upon request. Inform prospective 
users of risks and benefits associated with NORPLANT SYSTEM use, with other forms of 
contraception, with no contraception, and about insertion/remova! procedures. Informed consent 
from all patients may be desired in light of techniques involved with insertion and removal. 
Adverse Reactions 
The following have been associated with the NORPLANT SYSTEM during first year of use: many 
bleeding days or prolonged bleeding (27.6%); spotting (17.1%); amenorrhea (9.4%); irregular 
(onsets of) bleeding (7.6%); frequent bleeding onsets (7.0%); scanty bleeding (5.2%); pain or 
itching near implant site - usually transient - (3.7%); infection at implant site (0.7%); removal 
difficulties affecting subjects - based on 849 removals - (6.2%). 
Controlled clinical studies suggest that the following, occurring during the first year, are probably 
associated with NORPLANT SYSTEM use: headache; nervousness; nausea; dizziness; adnexal 
enlargement; dermatitis; acne; change of appetite; mastalgia; weight gain; hirsutism, hypertrichosis, 
and scalp-hair loss. The following were reported with a frequency of 5% or greater during the first 
year and possibly may be related to NORPLANT SYSTEM use: breast discharge; cervicitis; 
musculoskeletal pain; abdominal discomfort; leukorrhea; vaginitis. 
Overdosage 
Overdosage may cause fluid retention with its associated effects and uterine bleeding irregularities. 
Dosage and Administration 
The NORPLANT SYSTEM consists of six Silastic® capsules, each containing 36 mg of the progestin, 
levonorgestrel. The total administered (implanted) dose is 216 mg. Implantation of all six capsules 
should be performed during the first 7 days of the onset of menses by a healthcare professional 
instructed in the NORPLANT SYSTEM insertion technique. Insertion is subdermal in the midportion 
of the upper arm about 8 to 10 cm above the elbow crease. Distribution should be in a fanlike 
pattern, about 15 degrees apart, for a total of 75 degrees. Proper insertion will facilitate later 
removal. (See Full Prescribing Information for Detailed Insertion/Removal Instructions.) 
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Endo-Avitene’ 
Microfibrillar Collagen 
Hemostat in an Endoscopic 
Delivery System. 


Avitene® Microfibrillar 
Collagen Hemostat (MCH) is 
now packaged 
ready for use in 
a unique delivery 


system designed 






for endoscopic 
procedures. 
This 100% 
collagen topical 
hemostat: 

è eliminates risk of 
thermal damage. 

e adheres tenaciously to 
the bleeding site. 

e allows for the easy 
removal of excess by 
irrigation and suction. 

e is effective in controlling 
delayed bleeding. 

è is absorbable. 


The Endo-Avitene device 


© Copyright 1992 MedChem Products, Inc. All rights reserved. 


; Ni) 
We reduce risk. / ff 





be used to apply pressure 


during placement. 








Contact 





us to arrange a 


MCH potentiates the clotting mechanism 


, demonstration T We'll 
by attracting platelets. iy i 
Tak Zz supply 
‘ b the Endo- 
We control bleeding, W ~= 


device free 
of charge. Call 
f us today, and 


we'll deliver: 


1-800-451-4716 













makes delivery and application (in Massachusetts, 


of Avitene MCH to the bleed- 617- 938-9328). 


ing site easy. Simply insert 
the delivery system through i | j 
a 10 mm trocar sheath and / 
deliver Avitene MCH / if 
directly to the bleeding l) if 
site. Avitene MCH j i) j Endo-Avitene, for use in endoscopic procedures. 
is positioned using f / 

a unique blunt 


from MedChem Products 


Endo-Avitene’ 


plunger tip 


that can 


"Endo-Avitene" is a trademark of MedChem Products, Inc. "Avitene" is a registered trademark of MedChem Products, Inc. Manufactured by Alcon (Puerto Rico) Inc., Humacao, Puerto Rico 00792 for MedChem 
Products, Inc., Woburn, MA 01801. Distributed by MedChem Products, Inc., Woburn, MA 01801. See package insert for complete instructions for use. 
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Important subject. 
Important hands-on methodology. 


VIVIDLY ILLUSTRATED: 


Fetal Development and Childbirth 





Exceptional skills are born of exceptional training. And 
there are none better than skills gained on a live, preg- 
nant patient. For the last decade, we’ ve emphasized not 
only the how of the science of ultrasound, but also the 
why behind each technique. 

We offer comprehensive training seminars in ab- 
dominal, vascular, obstetric/pelvic, and cardiac ultra- 
sound. And, for your convenience, our seminars are 
held in major cities across the United States as well as 





New! 

A COLOR ATLAS 
OF CHILDBIRTH 
AND OBSTETRIC 


TECHNIQUES 

Farook Al-Azzawi, MBChB, MA, 

MRCOG 

= Uses step-by-step, high quality 
photographs, diagnostic 
ultrasound images, and line 
artwork to bridge the gap 
between the textbook and clinical 
practice. 


= Covers normal labor, 
complications, twins, and the 
three main types of caesarean 
section. 

1991. 144 pages, 341 ills. MYB-Wolfe. 

(Book Code: 06287) 


COLOR ATLAS OF 
LIFE BEFORE BIRTH: 
Normal Fetal 


Development 

Marjorie A. England 

= Depicts the stages of normal fetal 
development from its microscopic 
beginning to its final form at 
birth. 


= Detailed illustrations include 710 full color photographs. 
1990. 216 pages, 767 ills. MYB-Wolfe. (Book Code: 20326) Paper. 


Save time! Call toll-free: 
800-426-4545, 


Monday-Friday, 7AM-6PM, Central Time 
FAX orders, 314-432-5471 Attn: Direct Marketing 
Please mention this number when calling: FLR-822 
In Canada, call collect: 416-298-2465 


Mosby-Year Book 


11830 Westline Industrial Drive 









at our modern new facility in the Dallas area. We offer V4 Mosby St. Louis, MO 63146 
Mosby-Year Book, Ltd. 

a variety of two-, three-, and five-day programs at Year Book z240 finch Avenue Hast 

reasonable fees. Classes are roughly half theory and Scarborough, Ontario 

half intensive hands-on training. Class size is strictly Canada MIS one 

limited, and postconference support is free to our po-------------------------- — 


guests--jorever. 

All of our seminars are SDMS-approved for CEUs. 
Call KMA 24 hours a day for a free information kit that 
tells you about us and any of the twenty different 
seminars we conduct regularly. For exceptional ab- 
dominal/obstetric/pelvic imaging, put your hand in 
our hands. Just call (214) 402-8250. 


Hands-On Abdominal Imaging 


YES! Please send the book(s) I’ve checked on 

no-risk, 30-day approval: 

O AL-AZZAWI: Color Atlas of Childbirth and Obstetric 
Techniques (06287) $42.00 (U.S.); $54.75 (Can.) 

o ENGLAND: Color Atlas of Life Before Birth, paper 
(20326) $35.95 (U.S.); $46.75 (Can.) 

SEND NO MONEY NOW! Take a full 30 days to 

evaluate your purchase. If not completely satisfied, 

simply return your selection and owe nothing. It’s 

that simple! 

O Please bill me 


July 20-24, Sept 14-18, Nov 2-6, Dallas. Charge my: O MasterCard OVISA OAmEx 
Advanced Abdominal Imaging Interpretation 
July 24-25, Dallas. Signature 
Advanced Obstetric/Pelvic Imaging Interpretation Daytime phone ( ) 
July 31-August 1, Dallas. Name 
Hands-On Obstetric/Pelvic Imaging Address 
July 27-31, Sept 21-25, Nov 9-13, Dallas. City 
State Zip 


Hands-On Abdominal/Pelvic Doppler 
July 27-29, Dallas. 


s 600 E. Las Colinas Blvd. 
Keith Mauney Ste. 250, Irving, TX 75039 
& Associates, Inc. Phone: 214/402-8250 
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All orders are billed for postage, handling, and state sales tax, 


where appropriate. All prices subject to change without 
notice. aag a purchase order, please attach this coupon 
and send to Pat Newman at the Mosby-Year Book address. 
30-day approval good in U.S. and Canada. 


FLR-822 
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Investigation. Manuscripts from The Society of Per- 
inatal Obstetricians should be submitted to Dr. 
J. Peter Van Dorsten, P.O. Box 34, MCV Station, 
Richmond, VA 23298. 

. Dr. Quilligan—manuscripts from states west of Penn- 
sylvania, West Virginia, Kentucky, Tennessee, and 


and submitted with the manuscript. If not completed in full, 
it will be returned to the author for completion. The copy- 
right statement and checklist form may be torn from the 
JOURNAL or photocopied for submission. 

Checklist. The checklist that appears with the copyright 
statement in each issue of the JOURNAL must be fully com- 
pleted by the author(s) and sent with each submitted manu- 
script. A more complete description of each item that must 
be checked is provided under the appropriate heading in the 
Information for Authors, which is published in each i issue 


- of the JOURNAL. If the checklist is not completed in full, the 


Mississippi; manuscripts from Hawaii, Alaska, Can- ‘ 


ada, and abroad (except England, Israel, and Italy). 
Dr. Quilligan is responsible for manuscripts from the 
Society for Gynecologic Investigation. Manuscripts 
from the Society for Gynecologic Investigation 
should be submitted to Dr. Roger A. Lobo, Women’s 
Hospital, 1240 North Mission Road, Room 1M2, Los 
Angeles, CA 90633. 

Author’s suggested reviewers. When authors submit 
their manuscripts, they must, provide the names and ad- 
dresses of at least three reviewers for consideration by the 
Editors. 


deficiencies will be noted, and the form, as well as the 
manuscript when necessary, will be returned to the author 
for completion. 

Previous publication. If a report by the same author(s) 
or some of the same authors has been previously published 
in any medium that deals in any respect whatsoever with the 
same patients, same animals, same laboratory experiments, 
or same data, ‘in part or in full, as those reported in the 
manuscript being submitted, two reprints of the article(s) 
or two copies of the manuscript, be it a full-length report or 
an abstract, must be submitted with the manuscript. Two 
copies of a new manuscript being prepared for possible 
publication also must be submitted. The author(s) should 
inform the Editor of the circumstances, similarities, and 
differences of the reports. This requirement also applies to 
the submission of a manuscript in which a few different 
patients, animals, laboratory experiments, or data were 
added to those reported in a previous publication or in a 
submitted or accepted manuscript. Articles previously pub- 


` lished in another language will not be considered. 


Human and nonhuman experimentation. It is as- 
sumed by the Editors that manuscripts emanating from a 
particular institution are submitted with the approval of the 
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requisite authority. Human experimentation that requires 
local institutional approval must have this approval befare 
the experiment is started and approval must be so indicat2d 
in the Material and Methods section of the submitted 
manuscript. Reports of experiments on nonhuman animals 
or other species must state in the Material and Methods sec- 
tion of the manuscript that the guidelines for the care aad 
use of the animals approved by the local institution were fol- 
lowed. The type of nonhuman animals or other species used 
in an investigation must be named in the title, abstract, key 
words, and Material and Methods section of the manuscript. 

Authorship. For manuscripts with two or more authors, 
each author must qualify by having participated actively 
- and sufficiently in the study that is being performed and 
reported. The inclusion of each author in the authorship list 
of a report is based only (1) on substantial contributions to 
(a) concept and design, or analysis and interpretation of 
data and (b) drafting the manuscript or revising it critically 
for important intellectual content; end (2) on final approval 
by each author of the version of the manuscript. Conditions 
1 (a and b) and 2 must both be met. Others contributing to 
_ the work should be recognized separately in an Acknowl- 

edgment. In the covering letter that accompanies the sab- 
mitted manuscript, it must be confirmed that all authors 
fulfilled both conditions. ) 

Conflict of interest. Authors are expected to inform the 
Editor, in a letter accompanying the submitted manuscr-pt, 
of any commercial association that might pose a conflicz of 
interest, such as ownership, stock holdings, equity interests 
and consultant activities, or patent-licensing situations. 
Such information is confidential, is not given to the con- 
sultants, and does not play a part in the decision of the 
quality or timeliness of the manuscript. If the manusczipt 
is accepted, the author and the Editor will determine how 
best to release the information. The usual and customary 
listing of sources of support and institutional affiliations on 
the title page is proper and does not imply a conflic: of 
interest; only where there is a possible conflict of interest is 
the author(s) expected to inform the Editor. 

Disclaimer. Statements and opinions expressed in erti- 
cles and communications herein are those of the author(s) 
and not necessarily those of the Editor(s) or Publisher, and 
the Editor(s) and Publisher disclaim any responsibility or 
liability for such material. Neither the Editor(s) nor the 
Publisher guarantees, warrants, or endorses any product or 
service advertised in this publication, nor do they guarantee 
any claim made by the manufacturer of such product or 
service. 

General requirements for preparation of manuscripts 

The original and two good-quality photocopies of the 
manuscript and three sets of black-and-white glossy pzints 
of illustrations are required. See “Color figures” and “Com- 
puter-generated figures” for special requirements. Manu- 
scripts must be submitted in English. 

Manuscripts must be typed double-spaced on one side 
only of 22 X 28 cm (8% X 11 inch) white bond paper with 
l-inch margins at top, bottom, and sides. Number rages 
consecutively in the upper right-hand corner in the follow- 
ing order: title page, condensaticn, abstract, body of text, 
acknowledgments, references, figure legends, and tables. 

Title page. The title page (rage 1) should contain in 
sequence the title (concise and suitable for indexing pur- 
poses); author line with first name, middle initial, and last 
name of each author and each euthor’s highest academic 
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degree (both MD and PhD are acceptable, but honors de- 
grees are not permitted); city(ies}, state(s) in which the 
study was conducted; divisional, or departmental, and in- 
stitutional affiliations at the time the study was performed; 
source(s) of financial support; presented line, if applicable; 
disclaimers, if any; name, address, business and home tele- 
phone numbers, and fax number of author to whom requests 
for reprints should be addressed (if reprints will not be 
available, it should be so stated); end name, address, busi- 
ness and home telephone numbers, and fax number of au- 
thor responsible for correspondence concerning the manu- 
script if different from author to whom reprint requests are 
addressed. At the bottom of the title page supply a short 
title for the running head not exceeding 52 characters {in- 
cluding word spaces). 

Condensation. On page 2 of tae manuscript provide a 
brief, concise condensation, typed double-spaced, that will 
appear with the title in publication of the Contents pages of 
the JOURNAL. It should be a single sentence, limited to a 
maximum of 25 words, delineating the essential point(s) 
made in the manuscript. 

Abstract page including key words/phrases. On 
manuscript page 3, type the abstract, double-spaced, with 
the required margins and headed by the title of the article 
and name(s) of author(s). Below the abstract, list 3 to 5 key 
words or short phrases for indexing purposes. 

A structured abstract is required for certain types of 
articles and a standard abstract format is required for other 
types of articles; therefore the author(s) should select and 
prepare the appropriate abstract to be used in the submitted 
manuscript. This applies to both independently submitted 
and society manuscripts. 

Structured abstract. A structured abstract, limited to 
150 words, is to be used for regular articles and society 
articles; excluded are Clinical Opinion, Current Devel- 
opment, case report, and brief communication articles. 
The structured abstract is to contain the following major 
headings: Objectives}; Study Design; Results; and Con- 
clusion({s). The Objective(s) reflects the purpose of the 
study, that is, the hypothesis that is being tested. The Study 
Design should include the setting for the study, the sub- 
jects (number and type), the treatment or intervention, and 
the type of statistical analysis. The Results include the 
outcome of the study and statistical significance if appro- 
priate. The Conclusion(s} states the significance of the 
results. 

Standard abstract. The standard abstract format is re- 
quired for Clinical Opinion, Current Development, case 
report, and brief communication articles. The standard ab- 
stracts for Clinical Opinion and Current Development ar- 
ticles are to be 50 to 150 words and standard abstracts for 
case reports and brief communications are limited to 50 
words. Even though the formal names of these four types of 
articles are not used, an author should determine his/her 
type of manuscript and prepare the appropriate standard 
abstract, regardless of whether :t is to be submitted inde- 
pendently or as a part of a society’s transactions. 

Text. Do not hesitate to write your manuscript in the first 
person and active voice if they are more appropriate to the 
information you wish to convey. The passive voice is gen- 
erally more effective for describing techniques or observa- 
tions, since the emphasis is on the “action” rather than on 
the person performing the action. 

Only standard abbreviations are to be used. Consult the 


Estimating length of manuscripts 


With the exception of Current Development articles, the length of text material (introduction 
through Comment section) in regular manuscripts accepted for publication normally ranges 
from 750 to 4200 words (an average of 2000 words). A text of 4200 words or more can seldom 
be accepted, especially if tables and figures are included. The average manuscript of 2000 words 


of text with abstract, 3 tables with captions, 2 figures with legends, and references makes a 
5.7-page article in the JOURNAL. The 2000 words of text alone makes approximately 8 pages 
of manuscript typed double-spaced with the required 1-inch margins (approximately 250 words 
per page). A table or figure that occupies both columns of half a JOURNAL page is equivalent 
to approximately 500 words in manuscript. Thus, if a greater number of illustrations and tables 
is used, the length of the text should be adjusted accordingly. 





Council of Biology Editors Style Manual or the AMA’s 
Manual of Style. Abbreviations in the title are not accept- 
able. They should be avoided, if possible, in the abstract. In 
the text they should be kept to a practical minimum. The 
full term for which an abbreviation stands should precede 
its first use in the text unless it is a standard unit of mea- 
surement, 

Either the generic, chemical, or proprietary names of 
drugs may be used. If the generic or chemical name is used, 
authors may, if they desire, insert the proprietary name in 
parentheses after the first mention in the text, with the name 
of the manufacturer and city and state. 

Regular articles are customarily organized into the 
following sections: an introduction and headings that 
identify Material and Methods, Results, and Comment. 
Authors may wish to summarize their findings in a short 
paragraph at the end of the Comment section. This format 
may not be appropriate for some types of articles. 

In the introduction, state concisely the purpose and 
rationale for the study and cite only the most pertinent 
references as background. 

In the Material and Methods section describe briefly 
(but in sufficient detail to permit other workers to repeat the 
study) the plan, the patients, experimental animals or other 
species, material, and controls, the methods and procedures 
utilized, and the statistical method(s) employed. 

In the Results section present the detailed findings. In- 
clude mentions of all tables and/or figures. Figures and 
tables should supplement, not duplicate, the text; presen- 
tation of data in either one or the other will suffice. Em- 
phasize only your important observations; do not compare 
your observations with those.cf others. Such comparisons 
and comments are reserved for the Comment section. 

In the Comment section state the importance and 
significance of your findings but do not repeat the details 
given in the Results section, Limit your opinions to those 
strictly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 
presented in this section. 

Acknowledgments. Acknowledge only persons who 
have made substantive contributions to the study. 

References. A reasonable number (25) is allowed, ex- 
cept in case reports and brief communications (limited to 2) 
and in manuscripts for the Current Development section 
(for which there is no limit). Number references consecu- 
tively in the order in which they are mentioned in the text. 
Use the format of the “Uniform Requirements for Manu- 
scripts Submitted to Biomedical Journals” (Vancouver 
style) (N Engl J Med 1991;324:424-8). Journal titles 
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should conform to abbreviations used in Cumulated Index 
Medicus. 


Examples (if six or fewer authors, list all; if seven or 
more authors, list three then et al.): 


JOURNAL: Flamm BL, Dunnett C, Fischermann E, Quil- 
ligan EJ. Vaginal delivery following cesarean séction: use 
of oxytocin augmentation and epidural anesthesia with 
internal tocodynamic and internal fetal monitoring. AM 
J OBSTET GYNECOL 1984;148:759-63. 


Books: Ledger WJ. Dystocia and prolonged labor. In: 
Wilson JR, Carrington ER, eds. Obstetrics and gynecol- 
ogy. St. Louis: CV Mosby, 1987 vol 8:474-93. 


Personal communications and unpublished data, if 
essential, may be used but not as numbered references. If 
they are used, they are to be referred to, within parenthe- 
ses, at the appropriate location in the text. If used, the 
author(s) must obtain written and signed permission for 
their use from the individual being quoted. This signed 
permission must accompany the manuscript when it is 
submitted to the Editor. Published abstracts can be used as 
numbered references; however, reference to the complete 
published article is preferred. 

Figures. The term figure includes all types of illustra- 
tions such as graphs, diagrams, photographs, flow charts, 
and line drawings. A reasonable number of figures will be 
reproduced without charge, but special arrangements must 
be made with the Editors for color figures at an additional 
charge to the author. The quoted charge is per page of color, 
and as many as eight color figures can be included on one 
page if the color balance is appropriate. 

Figures must be cited consecutively in the text in Arabic 
numerals and identified with a gummed label on the back 
of the figure with author(s) name(s), title of article, figure 
number, and top marked clearly. Consistency in size within 
the article is strongly preferred. Any special instructions 
regarding sizing should be clearly noted. Do not use paper 
clips or mar the surface of figures in any way. Figures will 
be returned only on request by the author. 

For black-and-white figures, submit three sets of 3 X 4 
inch (minimum) to 5X7 inch (maximum) unmounted, 
glossy prints. All lettering must be done with commercially 
available paste-on letters (or numbers) or by a professional; 
typed or freehand lettering is not acceptable. All lettering 
must be in proportion to the drawing, graph, or photograph. 
Original drawings, appropriately done in black India ink, 
roentgenograms, and other material must be submitted 
as plossy prints with good black-and-white contrast. 


For color figures submit original transparencies and two 
sets of unmounted prints on glossy (smooth surface) paper. 
Polaroid prints are not acceptable. Color transparencies 
must have a color balance (consistency in lighting and Alm 
speed) that is acceptable to the author and Editors beore 
acceptance for publication. Please note that 35 mm trans- 
parencies are enlarged to twice their original size. If -t is 
important to deviate from this standard, please so indicate 
when the material is submitted. The top, first author’s last 
name, and figure number must be indicated on the front of 
each transparency and the back of each print. 

Computer-generated figures must be legible and clearly 
printed in jet black ink on heavy coated paper with either 
a glossy or dull finish. Any patterns or shadings must be 
dark enough for reproduction and must be distinguisheble 
from each other. Lines, symbols, and letters should be toth 
smooth and complete. The legend should not appear on the 
figure. On the back of each figure the name of the first 
author and the figure number should be given and the top 
indicated. Three original individual laser or plotter pr-nts 
are to be submitted unmounted with the manuscript. Leser 

‘prints should be full size at 300 dots per inch (DPI) or 
greater full-page resolution; multiple illustrations on a page 
cannot be accepted: Dot matrix prints and photograrhic 
halftones are not acceptable. Color figures are acceptable, 
but special arrangements must be made with the Editors. 
The colors used must be dark enough and of sufficient 
contrast for reproduction. With the exception of fluorescent 
colors, all colors can be reproduced in four-color figures. The 
preparation and submitting of color prints should Zol- 
low the preceding guidelines for black-and-white computer- 
generated illustrations. | 

Legends to figures. Legends for all figures must be 
typed together in numeric order double-spaced on one sheet 
of paper (or more if necessary) seperate from the text of the 
manuscript. This page must be numbered in sequence after 
the references. Titles should be included in the legend, sot 
on the print. Original magnifications should be provided. If 
@ figure has been taken from conyrighted material, the 
legend must give full credit to the original source. 

Tables. Tables should be typed on separate sheets of 
paper, one table to a page, and included at the end of the 
text. They should be numbered in Roman numerals. Each 
table must be cited in sequence at an appropriate point in 
the text. Titles should be brief yet indicate clearly the pur- 
pose or content of each table, and each column should be 
precisely defined by headings. Abbreviations and. special 
designations should be explained ir a footnote to the table. 
If a table or any part thereof has been taken from copy- 
righted material, a footnote to the table must give full credit 
te the original source. Arrangements must be made with zhe 
Editors for elaborate tables because of space limitations. 

Permissions. Direct quotations, tables, or figures that 
have appeared in copyrighted material must be accompa- 
nied by written permission for their use from the copyright 
owner and original author along with complete reference 
information. Photographs of identifiable persons must be 
accompanied by signed releases. If not, all recognizable 
features must be masked. 

Requirements for certain types of manuscripts 

Case reports and brief clinical and basic science 
communications. Limit of 700 words, 2 references. In- 
clude standard abstract format, of 50 words maximum, : to 
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5 key words/phrases for indexing purposes, and short title. 
If tables and/or figures are used, an equivalent number of 
words must be deducted from the total (see “Estimating 
Length of Manuscript”). 

Clinical Opinion. Limit of 3900 words. Include stan- 
dard abstract format of 50 to 150 words, 3 to 5 key words/ 
phrases, and short title. Submit to Dr. Zuspan. 

Current Development. Limit of 6000 words. Include . 
standard abstract format of 50 to 150 words, 3 to 5 key 
words/phrases, and short title. Submit to Dr. Zuspan. 

Letters to the Editors. Letters to the Editors must be 
submitted in duplicate, typed double-spaced, and the text of 
the manuscript must be limited to a maximum of 400 words 
(excluding references, name[s] ard address[es] of the sign- 
er[s], and the phrase “To the Editors”). The submitted 
Letter to the Editors must be accompanied by a signed 
copyright statement. If there are two or more signers of the 
Letter to the Editors, one of the authors may sign the 
copyright statement but must add to the statement the 
following: “I sign for and accept responsibility for releasing 
this letter on behalf of any and all cosigners.” These re- 
quirements apply to all types of Letters to the Editors. 
Letters should be sent to Dr. Zuspan. 

Two types of letters will be considered for publication. (1) 
A Letter to the Editors commenting on an article that has 
appeared in the JOURNAL should be brief and directly re- 
lated to the published article. The editorial staff reserves the 
right to shorten letters if necessary and to make minor 
editorial alterations without reference to the writer. Letters 
may be published together with a reply from the original 
author. If the original author does not respond, a notation 
indicating “Response declined” will be published. As space 
for letters is. limited, only a selection of letters submitted 
may be published. (2) A brief case presentation or a short 
report of a pertinent observation in the form of a Letter to 
the Editors will be considered for publication. 

Announcements. Announcements of major meetings 
and other significant activities must be received at least 8 
weeks before the desired month of publication. All an- 
nouncements carry a charge of $60 U.S., and the fee must 
accompany the request to publish. Information will be lim- 
ited to title of meeting, date, place, and an address to obtain 
further information. Send announcements and payment, 
payable to this JOURNAL, to Kay G. Goehler, Senior Manu- 
script Editor, Journal Editing, Mosby~Year Book, Inc., 
11830 Westline Industrial Drive, St. Louis, MO 63146- 
3318. 

Books. Books received will be listed in the JOURNAL. 
They should be sent to Dr. Zuspan. No books will be re- 
turned. 

Reprints : 

The corresponding author will receive a price schedule 
and order form at the time of publication. Reprints in 
quantities must be ordered from the Publisher with the 
author’s consent. 

Business communications 

Communications of a business nature and all advertising 
communications should be addressed to: Journal Publisher, 
Mosby—Year Book, Inc., 11830 Westline Industrial Drive, 
St. Louis, MO 63146-3318, or call Journal Advertising 
Production Manager (1-800-325-4177, ext. 4306, or 314- 
453-4306). 


CHECKLIST AND COPYRIGHT STATEMENT 


Both the checklist and the copyright statement forms must be completed and sent with each 
submitted manuscript. If not completed, these forms will be returned to the author for com- 


pletion. 


These items appear in each monthly issue of the JOURNAL. A photocopy may be used. An 
exposition of the requirements given in the checklist is in the Information for Authcrs, which 


is published in each issue of the JOURNAL. 


CHECKLIST 


. General 

—The original and two copies of the manuscript are sub- 
mitted. 

—The completed checklist is enclosed. The assignment of 
copyright signed by all authors accompanies the manu- 
script. 

—Human experimentation has been approved by the local 
institution as stated in the Material and Methods section. 

—Guidelines for the care and use of nonhuman animals or 
other species approved by the institution have been fol- 
lowed as indicated in the Material and Methods section. 
The species is named in the title, abstract, key words, and 
Material and Methods section. 

—The covering letter with essential information is with the 
manuscript. 

—Al]l elements of the manuscript are typed in English dou- 
ble-spaced on bond paper with l-inch margins at top, 
bottom, and sides. 

— All pages are numbered in the following order: title page, 
condensation, structured or standard abstract, body of 
the text, acknowledgments only of persons who have 
made substantive contributions to the study, references, 
legends, and tables. 

—Signed, written permission from both the copyright 
holder and the original author for the use of tables, fig- 
ures, or quotations previously published and their com- 
plete references are enclosed with the manuscript. 

—Signed, written permission for the use of quotations of 
personal communications and unpublished data has been 
obtained from the person(s) being quoted and is enclosed. 


Authorship 

—In the covering letter that accompanies thé submitted 
manuscript I/we have confirmed that all authors fulfilled 
both conditions required for authorship. 


Conflict of interest 

—In the covering letter that accompanies the submitted 
manuscript the commercial association of the author or 
of any coauthors that might pose a conflict of interest is 
described. 


Previous publications 

—Enclosed with the submitted manuscript are two reprints 
each of articles the author and/or some of the coauthors 
have previously published, have submitted for possible 
publication, or have in manuscript form dealing with 
same patients, same animals, same laboratory experi- 
ment, or same data, in part or in full, as those reported 
in the submitted manuscript. Further explanation is pro- 
vided in the covering letter that accompanies the sub- 
mitted manuscript. 

—Similarities, differences and explanation are provided in 
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the covering letter that accompanies the submitted 
manuscript. 


Reviewers 
—Names and addresses of three suggested reviewers are 
enclosed. 


Title page 

—These elements are given in the following sequence, and 
are typed double-spaced. 

—Title. 

—Author(s) name(s) and highest academic degree(s) are 
shown. 

——City(ies), state(s), and country other than United States 
in which the study was conducted are given. 

—The name(s) of the institution(s) section(s), division(s), 
department(s) in which the study was performed is pro- 
vided and the institutional affiliation(s) of the author(s) 
at the time of the study is indicated. 

Acknowledgment of financial support is cited. 

—Name, address, business and home telephone numbers, 
and fax number of author to whom requests for reprints 
are to be sent are included. 

—If reprints will not be available, this has been stated on 
the title page. 

-—If the corresponding author is different from the author 
to whom reprint requests are to be sent, his/her name, 
address, business and home telephone numbers, and fax 
number have been added. 

—At the bottom of the page, a running head not exceed- 
ing 52 characters (including word spaces) has been typed. 


Condensation 

——On a separate sheet of paper, page 2 of the manuscript, 
a single sentence limited to 25 words delineating the 
essential point(s) is typed double-spaced. 


Abstract and key words or short phrases 

—The abstract (structured or standard format) is typed 
double-spaced with required margins on page 3 headed 
by the title and author(s) name(s). Beneath the abstract 
3 to 5 key words or short phrases are typed. 

—A structured abstract, with 150 words or less, is submit- 
ted as required for regular articles and society regular- 
type articles. The abstract contains the four required 
major headings: Objective(s), Study Design, Results, 
and Conclusion(s), each with a brief adequate presen- 
tation. 

—À standard abstract is submitted as required for Clinical 
Opinion and Current Development articles with 50 to 150 
words and for case reports end brief communications 
articles with a maximum of 50 words, be they indepen- 
dent or society articles. 


References _ 

-~Are typed double-spaced. 

—Are numbered consecutively in the order they are cited 
in the text. 

-~The format of the “Uniform Requirements for Menu- 
scripts Submitted to Biomedical Journals” is used. Ex- 
amples shown in Information for Authors have been fol- 
lowed. 

-~—~Personal communications and unpublished observations 
are not used as numbered references but are mentioned 
in the text with the written approval of the person being 
quoted. The signed approval is enclosed. 


Figures 

—Each is numbered with an Arabic numeral and cited in 
numeric sequence in the text. 

—~Three sets of unmounted glossy prints for black-and- 
white figures are submitted, properly numbered, labeled, 
and top indicated on the back of each print. 


-— Three sets of original computer-generated figures printed 
on heavy coated paper with either a glossy or dull finish, 
unmounted, each one on a page, and properly labeled on 
the back and top indicated are submitted. None are dot 
matrix or photographic prints. 

-—-Original transparencies of color photographs appropri- 
ately numbered and identified and top indicated are sub- 
mitted along with two sets of unmounted prints on glossy 
paper, numbered and identified on the back. 


Figure legends 

——Are provided for each figure. 

~—Are numbered and typed together in numeric order on 
one sheet of paper (more if necessary). The page is num- 
bered in sequence after the References page(s). 


Tables 

—~Each table headed by a title and numbered in Ro- 
man numerals is typed double-spaced on a separate page. 

— Tables are cited in numeric sequence in the text. 


AMERICAN JOURNAL O OBSTETRICS AND GYNECOLOGY 


COPYRIGHT STATEMENT 


Must be signed by ALL authors 


“The undersigned author(s) transfers all copyright ownership of the manuscript entitled 


to Mosby—Year Book, Inc., in the event the work is published. The undersigned author(s) warrants that the 
article is original; is not under consideration by another publication; and its essential substance, tables, or - 
figures have not been previously published. This restriction does not apply to abstracts or press reports 
published in connection with scientific meetings. The author(s) confirms the final manuscript has been read 
and each author’s contribution has been approv2d by the appropriate author.” 


The responsible author(s) must be named 


(Type name) 


Signature 


Each author’s name must be typed underneath zhe signature. 


Date: 
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Teenage pregnancy prevention: The vital importance of the 
medical community’s involvement | 


Presidential address 


Willette L. LeHew, MD 
Norfolk, Virginia 


Prevention is an active process creating conditions 
and fostering personal attributes that promote the well- 
being of people. As physicians who are influential in 
our communities and states, who are experts in the 
health care field, and who provide primary and spe- 
cialty care for the majority of female teenagers, we must 
take a more active advocacy role in teenage pregnancy 
prevention if we are going to be successful in reducing 
this devastating medical and social problem. 

We all know that adolescent sexuality is complex and 
that solutions for preventing pregnancies must be mul- 
tifaceted, and, although each state’s efforts are unique, 
there is clearly a collective sense of what needs to hap- 
pen in our states to make a difference. Our strategic 
efforts must include public awareness events, media 
campaigns, and family life education and health ser- 
vices in our schocls, with a strong emphasis on family 
planning. In all of these we must encourage family- 
based communication about sexuality. Today I will 
briefly outline the problems that most of you are aware 
of and suggest some solutions that I hope you will take 
back to your community and state to be used in pre- 
ventive efforts. 

Any successful solution in teen pregnancies will also 
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greatly affect and reduce school dropouts, substance 
abuse, poverty, and crime as these elements increas- 
ingly seem to have a synergistic effect. One study’ es- 
timated that one in four children aged 10 to 17 were 
at risk for at least one of the following: teenage preg- 
nancy, failing in school, abusing drugs, or becoming 
delinquent. And at least one in nine were at risk for all 
of these things happening to them at once. Therefore 
we need to promote comprehensive, community-based 
initiatives that help combat these problems and increase 
young people’s community involvement. 

We must refocus our main efforts from the futility 
of providing services to babies already born with birth 
defects and severe prematurity and providing life-long 
welfare payments to teen mothers unable to work and 
live independently to more positive preventive steps. 
To do this, we must remind ourselves, and convince 
others, that teen pregnancy continues at epidemic pro- 
portions and realize that no mass disorder that has ever 
affected mankind has been brought under control by 
attempts to treat already afflicted persons one by one. 

We must then focus our energies, thinking, and re- 
sources on prevention by concentrating on several gen- 
eral areas. The first is delaying and reducing high-risk 
sexual behavior. The second is promoting contracep- 
tion and contraceptive use. The third is using our 
school systems more efficiently for providing health 
and education about sexuality. Finally, we must pro- 
mote programs providing meaningful alternatives to 


pregnancy. These programs must gain wide support 
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from the medical community; local, state, and federal 
government; businesses; and the church community to 
be successful. We must also place this issue on the 
agenda of our state and local medical societies and our 
specialty societies. 

More specific categories of prevention would be to 
encourage adolescents to abstain from sexual activity, 
to mclude more programs involving and targeting teen- 
age boys, to support family life education, to support 
comprehensive health services in our schools, to en- 
courage greater involvement of individual practitioners 
with their teenage pregnancies, and to obtain greater 
availability of contraceptive services for adolescents. Af- 
ter relating a few facts about the scope of the problem, 
I will discuss several of these specific areas where the 
medical community should be most influential and ef- 
fective. 

I would encourage each of you to learn your current 
community and state’s statistics on total teen pregnan- 
cies, abortions, and live births and their comparison to 
other areas. Your health department or teen pregnancy 
council will be happy to supply you with these facts. 

One very disturbing fact is that the percentage of 
= teen births outside of marriage increased by 61% na- 
tionwide between 1970 and 1988, and in fact in 1988 
two thirds of the births to teenagers in this country 
were illegitimate.’ For our five states during this period 
the rate in Virginia increased by 26%, in North Carolina 
by 34%, in South Carolina by 49%, in Florida by 86%, 
and in Georgia by 87%. 

Teenagers establishing families is particularly trou- 
bling because of the high probability that families 
headed by unwed mothers will spend some and perhaps 
most of their lives in poverty. In fact, there is increasing 
evidence that having children at a young age is a major 
barrier to ever escaping the cycle of poverty that seems 
to be both a cause and consequence of teenage preg- 
nancy. Statistically, <50% of teen mothers finish high 
school and only about 2% complete college.” People do 
not choose to be poor. Their choices, however, can keep 
them so. 

Early childbearing has a number of other significant 
negative consequences. The offspring of teenagers are 
at increased risk for numerous health problems, in- 
cluding birth defects, low weight at birth, a high infant 
death rate, and many serious intrapartum problems. 
These children are also at substantial risk for lower 
intellectual and academic achievement, social behavior 
problems, and becoming teenage parents themselves. 
In essence, these young mothers who are unskilled, 
unschooled, and inexperienced are creating a very 
large number of our new families. 

The significance of new families from teen birth is a 
particularly severe problem in cur states.’ In 1988 
South Carolina was ninth in the country with new fam- 
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ilies begun with a teenage mother, Georgia was twelfth, 
North Carolina fourteenth, Florida twenty-second, and 
Virginia twenty-eighth. These new families contribute 
tremendously to the dollars we spend for teenage child- 
bearing each year for aid to families with dependent 
children, food stamps, and Medicaid. In the last year 
for which figures are available,‘ the fiscal year 1986 
through 1987, these amounts were $378 million dollars 
in Florida, $355 million in Georgia, $332 million in 
North Carolina, $198 million in Virginia, and $132 
million in South Carolina. Specifically, in Virginia we 
have about 55 teenage pregnancies per day with 80% 
of them to unwed mothers.’ 

Virginia spent $198 million dollars in 1987 to support 
families that resulted from adolescent pregnancies and 
$126 million in 1988 to support the 8150 first birth 
babies born to teen mothers, or an average of $15,500 
per baby. If we could have prevented 1% of the preg- 
nancies that resulted in first birth babies that year, we 
could have saved $1,270,000 in 1988 and approxi- 
mately $2 million in 1989. Also, just imagine what im- 
pact we could have with just 10% of the above amounts 
if it were used for prevention. Keep these figures in 
mind when you speak to your elected officials. 

Specifically, there are several areas where your sup- 
port and influence are most important. To have a sig- 
nificant impact, preventive programs must begin with 
very young children at a stage where the likelihood of 
developing strong socialization, communication, deci- 
sion making, goal setting, and social resistant skills is 
the keenest. In this regard, one of our most important 
preventive programs is family life education, and we 
can be proud that our states all have a mandated policy 
for this in our public schools. In Virginia, Georgia, and 
North Carolina this begins in kindergarten and contin- 
ues through at least the eighth grade.’ Unfortunately, 
in Florida and South Carolina it is only mandated in 
the sixth, seventh, and eighth grades. I would encour- 
age those of you from those twc states to work to get 
this moved back to start in kindergarten. 

When you consider the influence of the popular me- 
dia on children’s attitudes, the age of the onset of pu- 
berty, and the surmounting peer pressure to exploit 
sexual feelings associated with puberty, you will un- 
derstand the importance of starting this program in 
kindergarten. Another important reason to begin early 
is the fact that the age of sexual initiation appears to 
be decreasing, as evidenced by the growing number of 
pregnancies in girls under the age of 15 and the esti- 
mate that in 1988 78% of adolescent girls and 86% of 
adolescent boys were sexually active by the age of 20. 
A more recent survey by the Centers for Disease Con- 
trol showed that 40% of ninth graders were sexually 
active, and by the twelfth grade <his gure was up to 
72%. 
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Saying “no” and postponing sexual intercourse until 
a person is emotionally and psychologically ready is a 
value that should be the foundation of any family life 
education program. However, we must emphasize the 
well known fact that such a program has no impact on 
the behavior and attitude of students already sexually 
active at the start of the program. Therefore another 
essential part of family life education is information 
about contraception. Such information is inclusive in 
the programs in Virginia, Florida, and Georgia, but in 
North and South Carolina its inclusion is under local 
control of each community, which means great incon- 
sistency as to its effectiveness. 

In answering critics of family life education, we can 
assure them that the main purposes and objectives of 
any family life education programs are the promotion 
of positive health practices, critical thinking, learning 
to say “no,” and avoiding risk-taking behavior and 
building skills in communication, responsible decision 
making, and assertiveness. 

Schools cannot and should not replace the role 
played by family and religion in values education, but 
they can reinforce positive attitudes and behavior and 
counteract negative influences on the students. 

Medical care to our teenagers provided by our 
schools and provided by us as health care providers can 
have a great impact on teenage pregnancy. Many teen- 
agers, particularly the poor and minorities, have few 
resources to address their health needs because of in- 
adequate health insurance, poor health care utilization, 
and a fragmented delivery system.’ In the ideal situa- 
tion comprehensive health care programs could re- 
spond with the health information and preventive care 
needs unmet by society. Such programs would have a 
high utilization rate because they are confidential, user 
friendly, and convenient. . 

Unfortunately, the status of school health care ser- 
vices in our states seems as fragile as the health of those 
they are designed to serve. We all have inadequate 
funding, inadequate school health personnel, and few 
opportunities for primary preventive care and health 
promotion activities. To be effective this is what we 
should strive for our school programs to be. First, there 
should be a comprehensive state health program that 
sets minimum standards for practice in all school dis- 
tricts. Second, adequate health care personnel with ori- 
entation, training, and health-related sources should 
be available in all the schools. Third, a school health 
advisory board for each community should monitor 
and evaluate the effectiveness of such programs. Fi- 
nally, a commitment from the medical communities is 
needed to support and nurture these programs. 

In our own specialty improved cooperation and com- 
munication with pediatricians and family physicians 
would improve the effectiveness of health care for ad- 
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olescents, and of course, because of earlier sexual ac- 
tivity, the need is more urgent than it has ever been. 
One survey of college freshman showed that 78% had 
never received any counseling on sexually-transmitted 
diseases from their primary care physician and 70% 
had received no counseling on contraception.’ As pri- 
mary care providers and specialists, we should consider 
education regarding sexuality and sexually-transmitted 
diseases and counseling about contraception an essen- 
tial part of our care for all teenagers. Adolescents 
should continually be queried about sexual activity and 
if they are sexually active, their sexual practices, feel- 
ings about sex, understanding of, and concern about 
the risk of pregnancies and sexually transmitted dis- 
eases, including acquired immune deficiency syn- 
drome, should be discussed. In this setting confiden- 
tiality, empathy, and a nonjudgmental attitude are ex- 
tremely important. Isn’t it tragic when one of our 
patients needs treatment for a sexually transmitted dis- 
ease or unplanned pregnancy because we did not take 
the time to present this information? 

Our most urgent need in teen pregnancy prevention 
is greater availability of contraceptive services for ad- 
olescents, because accessible contraceptive availability 
is the only strategy documented to show a direct impact 
on teenage pregnancies. The real problem is that it is 
more comfortable for communities and parents to fo- 
cus on abstinence rather than to work with sexually 
active adolescents to increase their access to contracep- 
tive care. It is very clear from the literature that pro- 
viding contraceptives will prevent pregnancy and not 
promote or encourage sexual promiscuity and that 
withholding contraception will not prevent sexual ac- 
tivity. These facts have been known for some time, 
which makes it hard to believe that the entire United 
States family planning program is funded only at about 
$130 million annually when the government could 
triple this investment for the cost of a single Stealth 
bomber.’ 

We must also work to overcome the numerous rea- 
sons teenagers do not use contraception. The most im- 
portant is the lack of motivation to prevent an un- 
planned pregnancy, but other reasons, including real 
and perceived barriers to health care, fear of specific 
methods, hesitancy to reveal sexual activity, and the 
sense of invulnerability that teenagers have. 

Teen pregnancy prevention is a very complex prob- 
lem that requires overcoming a number of roadblocks 
if we are going to be successful. We must respond with 
the facts to the belief by some that adolescent pregnancy 
is an issue that affects minorities and the poor and does 
not merit policy makers’ attention and by responding 
to the belief that adolescent sexuality should be ad- 
dressed only in the home. We must also overcome the 
very organized but small vocal group of parents and 
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community members who oppose comprehensive fam- 
ily life education, school-based health centers, and tre 


provision of contraceptives to teenagers. To do this we. 


must rapidly widen advocacy efforts and community 
support. 

Unfortunately, adolescent pregnancy prevention has 
not been a “frontburner” issue for state policy and 
budget makers, so we must constantly remind them to 
pay now for the prevention of at risk behavior or pay 
later as we do now with an ill-equipped work force, 
crowded prisons, and increased expenses for welfare, 
Medicaid, drug rehabilitation, and treatment and lew 
enforcement programs. 

In conclusion, I hope this address will challenge each 
of you to become more vocal and perhaps outraged 
about the lack of attention to prevention efforts by our 
federal, state, and local governments. We must join wizh 
these bodies to give the problem of adolescent preg- 
nancy visibility and make its prevention a priority. Ia- 
dividually, we must offer contraceptive advice and ser- 
vices as part of our care for adolescents and encourage 
and educate our pediatric and family practice col- 
leagues to do the same. Collectively, in each state we 
must support a statewide council on teen pregnancy 
prevention and support an extensive network of inci- 
viduals and organizations working together at all levels 
of government. We must encourage innovative reforms 
in the welfare system, such as was recently passed in 
New Jersey where they voted to reduce or eliminate 
welfare benefits to able bodied recipients whose chil- 
dren are over 2 and who refuse to work or go to school 
and to deny additional benefits otner than medical caze 
to women already on welfare whe have additional ch:l- 
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dren. To be effective, a coordinated system must be 
developed to meet zhe health, social, and educational 
needs of teenagers, both male and female, and must 
include increasing the life options available to them and 
increasing their capacity to make decisions, particularly 
in the area of sexuality. Even in this recession we must 
seek these services and resources and convince our leg- 
islatures that prevention is much cheaper in the long 
run than the treatment of the consequences of inade- 


: quate programs. 
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Attenuated proestrous luteinizing hormone surges in 


middle-aged rats are associated with decreased pituitary 
luteinizing hormone-8 messenger ribonucleic acid expression 


Barbara B. Hogg, BA, Dennis W. Matt, PhD, and Timothy E. Sayles 


Richmond, Virginia 


OBJECTIVE: This study determined whether attenuated preovulatory luteinizing hormone surges in aging | 
rats are associated with a decrease in pituitary luteinizing hormone content or luteinizing hormone 


B-messenger ribonucleic acid expression on proestrus. 


STUDY DESIGN: Blood samples were taken every 90 minutes from 1:30 to 10:30 Pm on proestrus in 
young (n = 8) and middle-aged (n = 12), regularly cyclic rats for plasma luteinizing hormone 
determination. On the next proestrus at 12 noon, rats were killed and the pituitaries were removed for 
luteinizing hormone content determination by radioimmunoassay and luteinizing hormone B-messenger 
ribonucleic acid expression by dot blot analysis. Results were analyzed by one-way analysis of variance. 
RESULTS: Seven of the middle-aged rats had attenuated luteinizing hormone surges while the remaining 
five females had surges similar to those of young rats. On the next proestrus, all rats had similar quantities 
of pituitary luteinizing hormone. However, luteinizing hormone B-messenger ribonucleic acid expression in 
middle-aged rats with attenuated luteinizing hormone surges was lower (p < 0.05) than that of 


middle-aged and young rats with normal surges. 


CONCLUSION: Decreased luteinizing hormone B-messenger ribonucleic acid expression, but not pituitary 
luteinizing hormone content at 12 noon on proestrus is correlated with attenuated luteinizing hormone 
surges in middle-aged rats. (AM J OssTeT GYNECOL 1992;167:303-7.) 


Key words: Luteinizing hormone, luteinizing hormone B-messenger ribonucleic acid 


expression, female reproductive aging, pituitary, ovulation 


Aging in the female rat is characterized by a pro- 
gressive loss of regular estrous cyclicity and reproduc- 
tive function.’* During middle age (10 to 12 months), 
the estrous cycle patterns of female rats change from 
regular 4-day cycles to irregular, extended cycles (=6 
days). These irregular cycles are characterized by ex- 
tended periods of vaginal cornification reflecting sus- 
tained estrogen release. After a transitional period of 
irregular cyclicity, female rats display sustained corni- 
fied vaginal epithelium and enter the anovulatory con- 
dition described as persistent estrus. 

Although the neuroendocrine mechanisms associ- 
ated with the age-related loss in regular ovulatory cy- 
clicity are currently unknown, previous studies have 
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revealed that the proestrous luteinizing hormone (LH) 
surges are attenuated in some middle-aged rats.®® Fur- 
thermore, female rats with attenuated proestrous LH 
surges cease to display regular estrous cyclicity within 
2 months, whereas rats of similar age with normal LH 
surges continue to cycle regularly beyond 2 months.? 
Thus changes in neuroendocrine function can be iden- 
tihed in aging rats before the loss of regular estrous 
cyclicity. 

The following experiments were conducted to in- 
vestigate further the possible alterations in the hypo- 
thalamic-pituitary axis of the aging female rat, alter- 
ations that are associated with the loss of regular estrous 
cyclicity and ovulatory function. To determine if atten- 
uated LH surges are related to decreases in pituitary 
LH synthesis, these studies examined the relation be- 
tween the magnitude of the proestrous LH surge and 
pituitary LH content and LH-B gene expression in 
young and middle-aged rats. 


Material and methods 


Animals. Young {4 months) virgin and middle-aged 
(10 to 12 months) retired breeder female Long-Evan 
rats (Charles River Lab, Wilmington, Mass.) were main- 
tained under standard laboratory conditions at room 
temperature (23° to 25° C) with a lighting schedule of 
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Fig. 1. Patterns of LH secretion in young (cpen circles) and middle-aged female rats from 1:30 PM 
(1330 hours) to 10:3C pm (2230 hours) on proestrus. Middle-aged females demonstrating peak LH 
values of >7 ng/ml were considered to have normal LH surges (solid circles), whereas those middle- 
aged rats with peak LH values of <7 ng/ml were designated attenuated {solid squares). 


lights on from 5 AM to 7 PM daily. Food and water were 
available as desired. Daily vaginal smears were taken to 
monitor estrous cyclicity. Only animals demonstrating 
at least three consecutive 4-day estrous cycles were used 
for these studies. Guidelines for the care and use of 
these animals have been approved and followed in 
these experimental studies. 

Experimental design. Groups of middle-aged 
(n = 12) and young (n = 8) regularly cycling rats were 
implanted with jugular vein catheters on diestrous day 
2 between 10 AM and 1 PM according to the methods 
of Harms and Ojeda.” After this procedure, the rats 
were housed in individual cages, and on the next day, 
proestrus, blood samples were collected at 90-minute 
intervals from 1:30 to 10:30 pm for plasma LH deter- 
mination by radioimmunoassay. 


At 12 noon on the following proestrus, rats were 
killed by decapitation and the anterior pituitaries were 
rapidly removed, frozen, weighed, and stored at 
~ 80° C. At the time of assay, frozen pituitaries were 
thawed and sonicated in 300 ul of 0.01 mol/L phos- 
phate-buffered saline solution (pH 7.5) for LH content 
determination and total ribonucleic acid (RNA) isola- 
tion. Before RNA extraction a small aliquot (20 pl) of 
homogenate was removed for determination of pitu- 
itary LH content. Total RNA was isolated by acid-guani- 
dinium-thiocyanate-phenol-chloroform extraction fol- 
lowed by alcohol precipitation zs previously described.” 

Dot blot analysis. Total RNA (5 wg) from each pi- 
tultary was denatured and transferred to a Nytran ny- 
lon membrane through a 96-hole dot blot apparatus 
(Schleicher & Schuell, Keene, N.H.). To avoid differ- 
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Fig.. 2. Pituitary LH content at 12 noon in young (open bar) and middle-aged rats with previously 
"normal (striped bar) or attenuated (solid bar) proestrous LH surges. © 


ences between dot blots, all samples from young and 
middle-aged rats were immobilized on one dot blot. Dot 
blots of standard dilutions of pooled pituitary RNA 
were also performed to verify linearity within ‘the 
ranges of dot blot absorbances. The RNA dot blot was 
_ sequentially hybridized with denatured phosphorus 
32—labeled deoxycytidine—labeled rat LH-§ (kindly 
provided by Dr. W.W. Chin, Harvard Medical School) 
and chicken Q-actin (kindly provided by Z.E. Zehner, 
Medical College of Virginia). Verification of each com- 
. plementary deoxyribonucleic acid probe was deter- 
mined by Northern blot analysis. The densitometric 
absorbance level of the dot blot autoradiographs was 
quantitated by laser densitometry. The relative absor- 
. bance of each sample as defined by the integrated hy- 
bridized area was expressed relative to that sample’s B- 
actin absorbance to control for variation in RNA load- 
ing and transfer. {O A 

Hormone and data analysis. Quantitation of rat LH 
in plasma and pituitary homogenates was conducted 
by radioimmunoassay with reagents provided by the 


- National Hormone and Pituitary Program. All LH val- 
ues are expressed relative to the reference standard 
National Institute of Arthritis, Diabetes, Digestive and 


Kidney Diseases rat LH-RP-2. Intraassay and interassay 
coefficients of variation calculated from pools of plasma 


were 8% and 12%, respectively. 


_ Comparisons in the levels of pituitary LH contents 
and messenger RNA (mRNA) expression were per- 
formed by one-way analysis of variance, followed by 
the Newman-Keuls post hoc test for multiple compar- 
isons when appropriate. A value of p < 0,05 or less was 
considered statistically significant. — 


Results 
Proestrous plasma LH profiles..Fig. 1 illustrates the 


| patterns of the plasma LH levels in young and middle- 


aged rats on the afternoon and evening of proestrus. 
Young females had proestrous LH surges that reached 
a.maximum of 10.75 + 2.46 ng/ml (mean + SEM) at 


'-7:30 pM. In thése studies. middle-aged rats with a peak 


LH level that was <7 ng/ml were considered attenuated 
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Fig. 3. Pituitary LH-8 mRNA gene expression in young and middle-aged rats with previously normal 
or attenuated proestrous LH surges. Legend is same. as for Fig. 2. Asterish, p < 0.05 as compared 


with yomg and middle-aged normal rats. 


whereas those with LH values >7 ng/ml were selected 
as normal. Five of 12 middle-aged rats had proestrous 
LH surges similar.to those of young rats, reaching a 
maximum of 9.79 + 0.90 ng/ml at 7:30 pM. The re- 
maining. seven middle-aged rats had markedly atten- 
uated LH surges, which reached peak levels of sg 
3.87 + 0.85.ng/ml at 7:30 PM. 
Pituitary LH content. Fig. 2 illustrates the pattern 
_ of pituitary LH content in young and. middle-aged rats 
on the following, proestrus. The LH content of middle- 
aged rats with previously rormal LH surges was 
5.60 + 0.41 pg per: pituitary, similar to that of young 
rats (5. 93 + 0.53 wg per pituitary); Furthermore, the 
pituitary LH content of middle-aged rats with. previ- 
ously “attenuated ` LH surges (6.17 + 
tuitary) was similar to that found in both young and 
middle-aged rats with previously normal LH.surges. 

: Pituitary LH-B mRNA expression. Fig. 3: illustrates 
the pattern of LH-8 mRNA expression.in young and 
middle-aged-rats on the following proestrus. The rel- 


ative mRNA expression of the LH-f subunit was similar. 


+°0.49 pg per pi- 


. in young rats (0.84 + 0.09 arbitrary densitometric 


units) and middle-aged rats with previously normal LH 
surges (0.83 + 0.07 arbitrary densitometric units). 
However, the relative expression of LH-8 mRNA was 
markedly decreased (p < 0.05) in middle-aged rats with 
previously attenuated LH surges (0.51 + 0.07 arbitrary 
densitometric units). 


Comment l 

The present study. characterized the relation in the 
magnitude of the proestrous LH surges in young and 
middle-aged rats to the pituitary LH content and LH 
B-subunit gene expression in the same animals at 12 
noon, on the subsequent proestrus.. We hypothesized 


‘that the attenuated LH surges in middle-aged rats were 


related to decreased quantities of pituitary LH on 
proestrus. The results have demonstrated that the pi- . 
tuitary LH content is similar in young and middle-aged 
rats regardless of the magnitude of the LH: surge. Thus 
it would appear that there are adequate quantities of 
LH for release-in 1 middle- -aged rats with attenuated LH ` 
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surges. We further hypothesized that the attenuated 
surges were related to a decrease in pituitary LH syn- 
thesis. It is generally believed that the availability of the 
B-subunit is rate limiting for assembly and synthesis of 
this gonadotropin, whereas the common o-subunit is 
in excess.” This, in conjunction with the consensus that 
regulation of LH synthesis is at the transcriptional 
level,'*"* indicates that measurement of LH-B mRNA 
expression may reveal differences in LH synthesis in 
middle-aged rats. Interestingly, the present study re- 
vealed that pituitary LH-8 mRNA expression is de- 
creased in middle-aged rats with attenuated LH surges 
before the onset of the surge. This may indicate several 
intriguing possible explanations that will require fur- 
ther investigation. The first possibility is that only the 
recently synthesized LH is available for release on 
proestrus. It has long been demonstrated that there are 
“releasable” and “nonreleasable pools” of pituitary 
LH." Therefore, it is possible that in middle-aged rats 
with attenuated LH surges there is a limited amount 
of LH in the releasable pool, and this may be directly 
related to the quantities of newly synthesized LH B- 
subunits. Expression of LH-B mRNA is regulated by 
gonadotropin-releasing hormone (GnRH), which must 
be delivered to the pituitary at an appropriate fre- 
quency and amplitude for maximal expression. These 
findings, combined with evidence that GnRH pulsatile 
frequency and amplitude are altered during aging,” 
may indicate that middle-aged rats with attenuated LH 
surges have an impairment in hypothalamic GnRH re- 
lease. In addition to GnRH, estrogen also appears to 
play a major role in LH synthesis and LH-B mRNA 
expression.” Previous studies have shown that middle- 
aged rats with attenuated proestrous surges have ele- 
vated circulating levels of estradiol.” These elevated 
concentrations of estradiol could impair hypothalamic 
GnRH release and pituitary LH synthesis. 

In summary, the study has revealed that pituitary 
LH-B mRNA expression is decreased in middle-aged 
rats with attenuated LH surges. This may indicate that 
alterations occur in ovarian steroid production, hypo- 
thalamic GnRH release, or pituitary LH synthetic and 
release mechanisms resulting in attenuated LH surges 
at middle-age and heralding the cessation of ovulatory 
function. These intriguing possibilities await further 
investigations. 
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Outcome of corticotropin stimulation testing in women with 
androgen excess and ovulatory dysfunction 


G. William Bates, MD, G. Martin French, MD, Betty B. Humphries, MN, and 


Dawn W. Blackhurst, MS 
Greenville, South Carolina 


OBJECTIVE: Our objective was to evaluate women with clinical signs or chemical evidence of androgen 


excess by corticotropin stimulation testing. 


STUDY DESIGN: Seventy-six women with evidence of androgen excess were evaluated by corticotropin 
stimulation testing. Results were examined by plasma levels of dehydroepiandrosterone sulfate, 
androstenedione, and testosterone. Conception in those infertile women with androgen excess was also 


assessed. Data were evaluated with Fisher's exact test. 


RESULTS: Of 41 women with dehydroepiandrosterone sulfate levels >2.8 ug/ml, 17 (41.5%) had a 
positive corticotropin stimulation tes: (stimulated 17a-hydroxyprogesterone value exceeded baseline value 
by 2.7 times). No statistically significant association was found between androstenedione or testosterone 
excess and a positive corticotropin stimulation test. In 14 nfertile women with dehydroepiandrosterone 
sulfate levels >2.8 ug/ml and a positive corticotropin stimulation test, 7 (50%) conceived when given 


low-dose prednisone (p < 0.005). 


CONCLUSION: Corticotropin stimu ation testing is warrarted in women with clinical signs of androgen 
excess and dehydroepiandrosterone sulfate levels >2.8 pg/ml. (AM J OpsTeT GYNECOL 1992;167:308-12.) 


Key words: Corticotropin stimulation testing 


Congenital adrenal hyperplasia was described in 
1865 by an Italian patholoist, de Crecchio; in the 1930s 
the measurement of adrenal metabolites in urine of 
newborn infants with genital ambiguity suggested that 
the condition resulted from a biosynthetic steroid de- 
fect.’ With the development of radioimmunoassay pro- 
cedures for the identification of specific steroids in the 
biosynthesis of cortisol permitted a more definitive di- 
agnosis of congenital adrenal hyperplasia.’ 

In 1957 Decort et al.? reported patients who were 
seen during the peripubertal years with chronic an- 
ovulation and signs of androgen excess who had bio- 
chemical abnormalities similar to but less severe than 
those in congenital adrenal hyperplasia.’ This condition 
was subsequently termed late-onset adrenal hyperpla- 
sia.* It is difficult to diagnose the late-onset form of 
adrenal hyperplasia because it can mimic polycystic 
ovarian disease.” However, it is important to differen- 
tiate late-onset adrenal hyperplasia from polycystic 
ovarian disease because apprcpriate treatment depends 
on the diagnosis of the underlying disorder. 

In this study we report the results of cortico-ropin 
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(ACTH) stimulation testing in 76 women with clinical 
signs of androgen excess to identify those women with 
late-onset adrenal hyperplasia and to treat them with 
low-dose prednisone. 


Material and methods 


From April 1, 1990, through March 31, 1991, ACTH 
stimulation testing was performed in 76 women for 
evaluation of infertility or androgen excess. Of the 
women tested, 48 were infertile due to ovulatory dys- 
function only, 18 were infertile due to multiple factors, 
and 10 were evaluated for acne and hirsutism. The 
latter group of women was not interested in pregnancy 
at the time of evaluation. All women were evaluated 
initially by measurement of plasma follicle-stimulating 
hormone, luteinizing hormone, prolactin, androstene- 
dione, testosterone, and dehydroepiandrosterone sul- 
fate (DHEAS). ACTH stimulation tests were performed 
primarily in women who had DHEAS levels >2.8 


ug/ml (n = 41), in women with androstenedione levels 


>280 ng/dl or testosterone levels =0.8 ng/ml (n = 24), 
and in women with unexplained clinical signs of an- 
drogen excess (n = 11). 

Blood samples were obtained by venipuncture at ran- 
dom in women who had a history of chronic anovu- 
lation and on any day between cycle day 7 and 11 in 
women who gave a history suggesting ovulation. Hor- 
mones were measured by radioimmunaossay by 
SmithKline Beecham Clinical Laboratories of Atlanta, 
Georgia. 

ACTH stimulation testing was performed at random 
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Table I. Concentrations of androgens 
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DHEAS (pg/ml) 76 2.83 + 1.03 1.0-5.9 
Androstenedione (ng/dl) 76 281.55 + 137.82 100-900 
Testosterone 76 0.53 + -0:37 0.2-2.6 
17a-Hydroxyprogesterone ratio* 76 2.44 + 0.89 0.9-5.3 


*Ratio of post-ACTH to pre-ACTH administration. 


Table II. Androgen levels by ACTH stimulation test outcome 






Androgen 

DHEAS 

2.8 ug/ml 35 

>2.8 pg/ml 4] 
Androstenedione excesst 

No 61 

Yes 15 
Testosterone 

0.8 ng/ml 73 

>0.8 ng/ml 3 


*Fisher’s exact test. 
tAndrostenedione >280 ng/dl DHEAS <2.8 pg/ml. 


in anovulatory women and on any day between cycle 
day 7 and 11 in women who gave a history suggesting 
ovulation. ACTH stimulation testing was performed as 
follows: Subjects were given 1 mg dexamethasone 
orally at 10 pm the night before the ACTH stimulation 
test. Dexamethasone was administered to suppress ad- 
renal glucocorticoid secretion. The following morning 
at 8 AM, a scalp vein needle was inserted in the forearm 
of each subject. A baseline sample of 7 ml blood was 
obtained. Immediately thereafter, 250 pg ACTH (Cor- 
trosyn, Organon, W. Orange, N.J.) was injected over 


30 seconds. A heparin flush was placed in the intra- . 


venous line. One hour later, a second sample of 7 ml 
of blood was obtained. 

The serum of the two blood samples was separated 
from the red blood cells and assayed by radioimmu- 
noassay for 17a-hydroxyprogesterone. Results were ex- 
pressed in nanograms per deciliter. An ACTH stimu- 
lation test result was considered to be positive if the 
stimulated (1-hour sample) was 2.7 times greater than 
the baseline sample. 

Infertile women with positive ACTH stimulation tests 
were placed on 2.5 mg prednisone daily at bedtime. 
Those women who did not wish to conceive were placed 
on oral contraceptives along with prednisone. 

Data were evaluated with Fisher’s exact test. Differ- 
ences were considered to be statistically significant if 
p < 0.05. 


Results 


The mean concentrations of androgens measured 
and the mean ratios of ACTH stimulation tests are 


Positive test result 


10 28.6 0.24 

17 41.5 

24 39.3 0.16 
3 20.0 

26 35.1 0.27 
9 66.7 


presented in Table I. Associations of androgen studies 
with ACTH stimulation test outcome are presented in 
Table II. No statistically significant differences were 
found between the proportions of women with positive 
ACTH stimulation tests and the parameters set for nor- 
mal and abnormal androgen values. However, 41% of 
women with DHEAS >2.8 ug/ml had a positive ACTH 
stimulation test compared with only 29% of those with 
DHEAS =2.8 pg/ml. 

A statistically significant association was found be- 
tween ACTH stimulation test results and subsequent 
pregnancy in women who received low-dose predni- 
sone. Ten of 25 (40%) women with a positive ACTH 
stimulation test conceived within 6 months of the ini- 
tiation of 2.5 mg prednisone daily (Table IHI). 

Reasons for ACTH testing by test result and preg- 
nancy are presented in Table IV. In the 14 women with 
DHEAS levels >2.8 g/m) who subsequently had a 
positive ACTH stimulation test, seven (50%) concevied 
compared with only 1 of 19 (5.3%) who had a negative 
test. All conceptions occurred within 6 months of the 
initiation of low-dose prednisone therapy. 


i 


Comment 


The most likely causes of acne, hirsutism, and irreg- 
ular menstrual cycles are polycystic ovarian disease and 
late-onset adrenal hyperplasia. The differential diag- 
nosis can be approximated by history, physical exami- 
nation, and measurement of plasma gonadotropins and 
androgens, but definitive diagnosis of late-onset adre- 
nal hyperplasia requires demonstration of excess of 
precursor hormone and deficiency of product hormone 
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Table III. ACTH stimulation test outcome by pregnancy 
[Panes 


6 15.4 0.04 
10 40.0 






ACTH outcome 


Negative 39 
Positive 25 


*Fisher’s exact test. 
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p Value” 


Table IV. Reasons for ACTH testing by ACTH test result and pregnancy 


Reason No. 


DHEA >2.8 pg/ml 


Negative test result 19 

Positive test result 14 
Androstenedione >280 ng/dl 

Negative test result 10 

Positive test result 2 
Unexplained excess 

Negative test result ~- 10 

Positive test result 9 


*Fisher’s exact test. 


at the point of enzymatic abnormality. DHEAS is a ste- 
roid conjugate that is primarily the product of adrenal 
secretion. In conditions of adrenal enzymatic deficiency 
that cause late-onset adrenal hyperplasia, DHEAS is 
usually elevated. However, this hormone is not always 
found in excess in men and women with this condition; 
additional screening is required to establish a diagnosis 
of late-onset adrenal hyperplasia." 

ACTH stimulation testing is considreed to be the 
diagnostic test of choice to establish the diagnosis of 
late-onset adrenal hyperplasia. However, not all women 
with acne, hirsutism, or ovulatory dysfunction should 
undergo testing. The plasma concentration of DHEAS 
or 17a-hydroxyprogesterone is used as the discrimi- 
nating test to indicate performance of an ACTH stim- 
ulation test.” | 

In recent years there has been much debate about 
‘the value of ACTH stimulation testing.’ Moreover, 
there are several methods for peforming this proce- 
dure." In this study we set the lower limit of follicular 
phase plasma DHEAS concentration at 2.8 pg/ml for 
subsequent ACTH stimulation testing. This’ cutoff 
value was not a good discriminator because 10 women 
(29%) with DHEAS levels =2.3 g/ml had a positive 
ACTH stimulation test. If we had chosen a higher level, 
. e.g., 4.0 pg/ml, the predictive value of DHEAS would 
have been greater; however, several infertile women in 
this study (who subsequently conceived) would have 
carried the diagnosis of polycystic ovarian disease and 
would not have received low-dose prednisone therapy. 
Perhaps these women would have conceived without 


Pregnancies 
l 5.3 0.005 
7 50.0 
3 30.0 1,00 
1 50.0 
2 20.0 -00 
2 Bee 


prednisone, yet it is tempting to conclude that their 
prompt conceptions were related to the diagnosis and 
treatment of late-onset adrenal hyperplasia. 

When we performed ACTH stimulation tests in 
women with unexplained clinical signs of androgen ex- 
cess or in women with DHEAS levels <2.8 ug/ml but © 
with androstenedione >280 ng/dl or testosterone =0.8 
ng/ml, we were unable to find an association with a 
greater number of positive ACTH stimulation tests. 
Only five women with an elevated androstenedione or 
testosterone but a DHEAS <2.8 ug/ml had a positive 
ACTH stimulation test. None of 11 women with unex- 
plained androgen excess had a positive ACTH stimu- 
lation test. 

From this study we conclude that women with clinical 
signs of androgen excess who have a midfollcular 
phase DHEAS level >2.8 pg/ml should undergo sub- 
sequent ACTH stimulation testing. This level of dis- 
crimination will identify women with mild, late-onset 
adrenal hyperplasia who may ctherwise go undetected. 
If pregnancy is the desired outcome, administration of 
low-dose glucocorticoid suppression. therapy may fa- 
cilitate conception by normalizing the female repro- 
ductive cycle. 
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discussions were presented. 


Discussion 


Dr. RicHarpD L. WING, Charlotte, North Carolina. 
The author has studied a group of patients with either 
clinical or biochemical evidence of androgen excess. On 
the basis of a discriminatory DHEAS level <2.8 pg/ml, 
an ACTH stimulation test was performed. A positive 
ACTH stimulation test in this study identified women 
with mild, late-onset adrenal hyperplasia. With low- 
dose prednisone therapy a statistically significant num- 
ber of these patients conceived compared with those 
whose stimulation test was negative. The author’s com- 
ments suggest that ACTH stimulation testing in an an- 
drogenic group of patients would differentiate between 
late-onset adrenal hyperplasia and polycystic ovarian 
disease. 

Gynecologists who treat infertility patients must an- 
swer this question: should an ACTH stimulation test 
be performed on the appropriate patient, and which 
one is appropriate? If late-onset adrenal hyperplasia ts 
diagnosed, the treatment with low-cost, low-dose glu- 
cocorticoids could be used to help these patients con- 
ceive before proceeding to more expensive treatment 
protocols. 

Measurements of testosterone, androstenedione, 
DHEAS, and 17a-hydroxyprogesterone have been 
shown to overlap in late-onset adrenal hyperplasia and 
in patients with other causes of hirsutism.’ In 1982 
Ayers’ published a report on 33 patients who were sep- 
arated into high and low DHEAS groups. After ACTH 
stimulation, the mean 17a-hydroxyprogesterone values 
in the high DHEAS group only doubled compared with 
the basal level. His study also concluded on the basis 
of DHEAS levels that two groups of patients with 
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polycystic ovarian disease existed. The low DHEAS 
group represented the classic Stein-Leventhal polycvs- 
tic ovarian disease type I patient. The elevated DHEAS 
group represented the polycystic ovarian disease type 
II patient whose adrenal steroidogenesis was thought 
to be under tonic hyperstimulation to maintain normal 
cortisol production. Adrenal suppression was consid- 
ered to be the more physiologic therapy for the latter 
group. 

Accurate diagnosis of late-onset adrenal hyperplasia 
has been obtained by the measurement of 17a-hy- 
droxyprogesterone after ACTH stimulation.* * In this 
presentation the authors state that an ACTH stimula- 
tion test result was considered positive if the stimulated 
sample was 2.7 times greater than the baseline sample. 
Where are the data to suggest that 2.7 times the baseline 
17a-hydroxyprogesterone value is a positive test for 
ACTH stimulation? Would the basal levels obtained in 
this study group serve as a discriminating test for 
ACTH stimulation? On the basis of the nomogram pro- 
duced by New et al.,* how many of the patients in this 
study would be considered to have positive results by 
those criteria? 

Glucocorticoids have been beneficial in the treatment 
of infertile patients with hirsutism and with polycystic 
ovarian disease.®* * Steinberger et al.’ reported a 44% 
pregnancy rate in infertile women treated with 7.5 mg 
prednisone. Zarate et al. reported a 36% pregnancy 
rate. Rodriguez-Rigau et al.° used 5 to 10 mg predni- 
sone daily and induced ovulation in five of 14 amen- 
orrheic hirsute women and 10 of 11 anovulatory pa- 
tients. Prednisone therapy in a dosage of 2.5 to 10.0 
mg/day was used by Farris et al.'° to treat patients with 
late-onset adrenal hyperplasia diagnosed only on an 
elevated 17-ketosteroid level >15 mg/24 hours. Al! 13 
patients with infertility conceived. How many of the 
prednisone-treated patients were ovulating before 
treatment? How many of the nontreated patients were 
ovulating? ‘This information would be helpful in ana- 
lyzing this study’s findings. It would also be of great 
interest to give prednisone therapy to all of the patients 
in the author’s study group and to determine their 
pregnancy rate. 

Other interesting observations would be to measure 
the level of suppression of 17a-hydroxyprogesterone, 
DHEAS, testosterone, and cortisol with a bedtime 2.5 ` 
mg prednisone dose. 

The author has, in this study, found an association 
between ACTH stimulation test results and subsequent 
pregnancy in women who received low-dose predni- 
sone. Future studies may benefit by establishing a con- 
trol group with positive ACTH stimulation testing that 
is not treated with prednisone. Likewise, the negative 
ACTH stimulation group might also be divided into a 
treated and nontreated group. 
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to 


Dr. Bartes (Closing). I think that Dr. Wing has come 
to the nub of the issue in making the diagnosis of late- 
onset adrenal hyperplasia. That is how you do it and 
how you differentiate this disorder from polycystic 
ovarian disease. The debate continues to rage and I do 
not think it will be settled this morning. 

There is a lot of overlap between polycystic ovarian 
disease and late-onset adrenal hyperplasia. We know 
that the ovary produces a small amount of DHEAS and 
can also produce elevated levels of androstenedione. It 
can be very confusing as to the source of these pre- 
cursor hormones in androgen excess disorders. The 
way we attempt to make a diagnosis is to collectively 
stimulate the adrenal glands. There is no uniformity 
in the literature as to how this test is best performed. 
Azziz and Zacur' in 1989 performed intravenous 
ACTH stimulation testing over 1 hour. They set the 
hmits for positive tests so stringently that only 2% of 
their patients had a positive ACTH test. On the other 
hand, Seigel ei al.? reported in 1990 a positive ACTH 
stimulation test at a change from 100 to 300 ng/ml in 
the concentration of 17a-hydroxyprogesterone. They 
tested by doubling the amount of ACTH infused by 
bolus administration and obtained blood samples 30 
minutes later. Therefore one of the difficulties we have 
is standardizing of the testing procedure and evaluating 
the test outcome. 
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We selected a value 2.7 times because in the few nor- 
mal patients in whom we have done this test the ratio 
of 17a-hydroxyprogesterone, stimulated as compared 
with suppressed, is approximately 2, and two standard . 
deviations from this mean falls at about 2.7 times. Be- 
cause we are testing at l-hour intervals we will not 
produce as high a stimulated 17a-hydroxyprogester- 
one value as would a test peformed at 30-minute in- 
tervals. 

It is also well known that the pregnancy rate is vari- 
able if you administer low-dose glucocorticoid therapy 
to women with polycystic ovarian disease. Perhaps the 
mechanism for this is to suppress the overall androgen 
milieu and to allow normal ovulatory function. Forty- 
one women in our study were ovulating. These women 
have been infertile for a long time and many have luteal 
phase defect, as diagnosed by low progesterone levels 
and shortening of the luteal phase of their menstrual 
cvcle. 

It would be nice to have a control group in this study. 
It is very difficult, though, in the private practice of 
infertility to establish a control group and alter their 
therapy. These are women who have been infertile for 
a long time and they have experienced the failure of 
not conceiving over a long period of time, but I do 
agree that it would be nice to have a randomized study 
and have a placebo versus a low-dose progesterone 
group. 

Finally, congenital adrenal hyperplasia is probably 
the most widely studied metabolic disease. It is well 
known that the genetic disorder is carried on the short 
arm of chromosome six and the localization of this gene 
has been identified. Some authors have performed a 
number of studies and have isolated the gene for 21- 
hydrolase activity. It is known that a shift in the base 
paranucleotides from A to C or A to G will produce 
this disorder. Moreover, a shift in the exon isolating 
this gene from others will also produce late-onset ad- 
renal hyperplasia. Approximately 1% of people in the 
United States carry this deficient gene. Approximately 
5% of Ashkenazi Jews in eastern Europe carry this ge- 
netic disorder. Therefore it is a very common disorder. 
A specific diagnosis can be made by deoxyribonucleic 
acid hybridization but that is as yet not available in 
clinical practice. 
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reproductive performance of couples: Have we made any 


progress in the past 10 years? 
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OBJECTIVES: We hypothesize that the diagnostic yield and pregnancy outcomes of patients with 


recurrent abortion have improved over the past 10 years. 


STUDY DESIGN: The study was performed in an academic medical center. Diagnoses and outcomes for 
group A, a published series of 100 patients investigated for recurrent abortion in the section between 1968 
and 1977, was compared with those for group B, the 131 patients seen between 1987 and 1991.A 
standardized protocol was followed, enhanced by new techniques and autoimmune investigations in the 
latter group. Results were compiled retrospectively. Descriptive statistics and x° analysis were used. 
RESULTS: No cause could be found in 37% of patients in group A compared with 24% of couples in 
group B {p < 0.05). No clear difference could be shown in the subsequent outcomes of pregnancies. 
CONCLUSIONS: Our ability to establish a cause of recurrent abortion has improved slightly over the past 
15 years. The gain is not yet reflected in successful pregnancy rates. Multicenter trials are indicated. (Am J 


Osstet GYNECOL 1992:167:313-21.) 
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Diagnosis and management in the couple with re- 
current abortion are still among the most difficult areas 
in reproductive medicine:' Uterine anomalies and bal- 
anced chromosomal rearrangements in parents are the 
only two universally accepted etiologic factors in hu- 
mans. Corpus luteum defect, associated ovulatory dis- 
orders, and incompetent cervix are considered by most 
as likely causes. Many changes have occurred in this 
field over the past 10 years. The technology available 
for the workup of patients has improved. Autoimmune 
disorders have also gained broad acceptance as etiologic 
factors. The role of infections, alloimmune disorders, 
elevated gonadotropins and androgens, on the other 
hand, are still under debate.’ 

We have previously reported on a series of 100 cou- 
ples with recurrent abortion studied during the period 
from 1968 through 1977.5 In 37 of these couples no 
specific etiologic factor could be established. The pur- 
pose of the current report is to establish the diagnostic 
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yield of an updated diagnostic protocol applied to a 
group of 131 couples seen from 1987 through 1991. 
These results were compared with those of our pre- 
viously published series to see whether we have im- 
proved in our ability to make a diagnosis in couples 
with recurrent abortion. The outcomes of pregnancies 
are also assessed. 


Material and methods 


All the couples included in this study were seen in 
the Reproductive Endocrinology Section at the Medical 
College of Georgia. Patients seer from 1968 through 
1977 are referred to as group A and were described in 
a previous report.’ Group B patients included all pa- 
tients first seen for recurrent abortion between July 1, 
1987, and June 30, 1991. In both groups couples were 
eligible if they had two or more documented abortions 
or one abortion associated with a phenotypically ab- 
normal child. In group A documentation of the abor- 
tion was histologic whereas in group B it could be based 
on either histologic evidence or ultrasonography. 

Patient population. All couples were referred to our 
section from gynecologists in Georgia and surrounding 
states because of a history of recurrent abortion or 
abortions with a malformed child. A small number of 
these couples were self-referred cr were seen for pre- 
natal genetic counseling, at which time the abortion 
history was discovered. Nearly all patients benefited 
from comprehensive health care insurance coverage. 
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During our first study period we were involved in an 
outreach genetic program. Most of the couples with a 
phenotypically abnormal] child were enrolled through 
this pathway. This was not the case in the recent series. 
From 1987 to 1990 we were involved in a National 
Institutes of Health (NIH) multicenter study in the 
management of autoimmune pregnancy loss. Patients 
referred to our unit for inclusion into this clinical trial 
were excluded from the current study. Only three pa- 
tients from the current study were randomized to one 
of the treatment protocols from the NIH trial. 

All the patients were advised to avoid pregnancy and 
use mechanical contraception during the evaluation pe- 
riod. A full medical history, including a thorough ge- 
netic evaluation, was obtained, followed by a complete 
physical examination. Patients were routinely screened 
for ‘systemic disease, including thyroid dysfunction. 
Anyone with a history of alcoholism and substance 
abuse was excluded from the study. 

Cytogenetic studies. Karyotypes were obtained on 
all couples. Banding resolution has improved betw2en 
our first and second series. In all cases a minimum of 
20 cells were counted with at least two being karyo- 
typed. Further studies, including ultra-high-bancing 
resolution, were performed whenever a karyotype 
was under question. When a balanced translocation 
was found in either parent, the couple was counseled 
as to its prognosis and the necessity for prenatal di- 
agnosis.*° 

Structural studies of the uterus. All women were 
offered a hysterosalpingogram unless pregnant at the 
time. For group A patients, any intracavitary defect that 
was demonstrated on hysterosalpingography was fur- 
ther delineated through gynecography. Metrop-asty 
was performed when appropriate. For group B pa- 
tients, the initial study consisted of either a hystero- 
salpingogram or hysteroscopy. Pregnant patients un- 
derwent an ultrasonographic study in an attempt to 
identify any mullerian anomaly. Any abnormal hystero- 
salpingogram was followed by a hysteroscopy laparos- 
copy, as judged appropriate. Resection of uterine septa 
and intrauterine synechiae was performed through the 
hysteroscope. Incompetent cervical os was suspected on 
historic information and confirmed by vigilant cervical 
examination during pregnancy. 

Endocrine function. Dating of all endometrial b-opsy 
specimens was done by the authors with established 
criteria.° All patients with one abnormal biopsy speci- 
men were strongly encouraged to have a repeat biopsy. 
Two out-of-phase biopsy specimens were required to 
make a definitive diagnosis of corpus luteum defect.’ 
A single anovulatory biopsy specimen and a compatible 
‘clinical history were required to make the diagncsis of 
an ovulation disorder. 

The endocrine function of patients in group A was 
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determined by basal body temperature readings and 
timed endometrial biopsy. The biopsies were per- 
formed with rigid metal cannulas. Women with secre- 
tory biopsy specimens showing a discrepancy in en- 
dometrial development of =3 days were treated with 
preimplantation progesterone vaginal suppositories.’ 
Those displaying markedly heterogeneous biopsy spec- 
imens or proliferative endometrium were treated by a 
combination of clomiphene citrate and progesterone 
vaginal suppositories. In group B the same approach 
was most often enhanced by determination of ovulation 
with home urinary luteinizing hormone (LH) testing, 
ultrasonographic follicular monitoring, and estradiol 
and progesterone assays. Endometrial biopsies were al- 
most exclusively obtained with a flexible plastic cannula 
(Pipelle). Treatment protocols were individualized and 
consisted of progesterone vaginal suppositories, clo- 
miphene citrate, dexamethasone, and human meno- 
pausal gonadotropin, in various combinations.’ 
Autoimmune studies. Autoimmune studies were not 
performed on any patient in group A. All of the pa- 
tients in group B uriderwent evaluation for anticardi- 
clipin antibodies (ACA), antiphosphatidylserime anti- 
bodies (PS), and lupus anticoagulant (LAC). Levels of 
immunoglobulins M and G were measured with a mod- 
ified Loizou enzyme-linked immunosorbent assay with 
the control population consisting of normal first- and 
second-trimester pregnancy values.’ All these tests were 
performed in the same laboratory coordinated through ' 
the NIH multicenter trial (Dr. Susan. Cowchock, 
Thomas Jefferson University, Philadelphia). The re- 
sults were converted to multiples of the median and 
interpreted as negative (<2), low (2 to 3), mid (3.1 to 
4), or highly positive (>4). The LAC assay was per- 
formed according to standard technique, in our own 
laboratory, on any patient with an elevated activated 
partial thromboplastin time. Any test with an abnormal 
result was repeated at least once to confirm a true- 
positive finding. Mid or highly positive ACA or PS an- 
tibodies or a positive lupus anticoagulant test was con- 
sidered as evidence for a probable autoimmune cause. 
Included in the same category were patients with an 
established diagnosis for systemic lupus erythematosus 
or other advanced autoimmune disease. Low ACA or 
PS antibodies were labeled as possible autoimmune eti- 
ologic factor. 

All couples in this category were offered randomiza- 
tion in the NIH multicenter trial.? Those who declined 
were still offered one of the treatment protocols. Treat- 
ment protocols included no treatment, 80 mg daily of 
aspirin alone, 80 mg daily of aspirin with subcutaneous 
heparin every 12 hours, or 80 mg of aspirin and 20 mg 
of prednisone twice daily. 

Alloimmune studies. No aloimmune study protocol 
was available during the 1968 to 1977 period. For 
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Table I. Identified etiologic factors in group B (n = 131) 


Unknown 
Incomplete workup/no etiologic factor 
Probable 
Balanced translocation in one parent 
Millerian anomaly 
Significant uterine anomaly 
Incompetent cervix 
Corpus luteum defect 
Severe ovulation disorder 
Mid or high positive levels of ACA or PS 
Positive lupus anticoagulant 


Active systemic lupus erythematosus or other connective tissue disorder 


Possible 


inv 9 (plq1) with family history of recurrent abortion 


Minor miillerian anomaly 

Minor uterine anomaly 

Low positive levels of ACA or PS 
Other 

Hypothyroidism 

Hyperprolactinemia 

Diabetes 

Minor ovulation disorcer 

Infection ` 
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Total 


22 (17%) 
19 (15%) 
72 (55%) 
3 (2%) 
2 (2%) 


11 (8%) 

10 (8%) 

0 

14 (11%) 
1 (1%) 


Note: The same patient may have more than one diagnosis so that the subtotals exceed 131. The total equals 131. 


patients in group B the available data about allo- 
immune etiologic factors in recurrent abortion was dis- 
cussed.’*"! Couples were offered testing in the form of 
histocompatibility antigen typing followed by mixed 
lymphocyte cross-reactivity testing. Most couples de- 
clined this on financial grounds. Those individuals who 
underwent testing and were found to be positive were 
referred to outside centers for further evaluation and 
treatment but continued to undergo follow-up by our 
unit. 

Other tests. The role of infection in recurrent abor- 
tion is highly debated.'® 3 Patients in group A in whom 
no cause could be found were empirically treated with 
antibiotics. By contrast, patients in group B were eval- 
uated through cervical cultures and a serum comple- 
ment fixation assay for antichlamydial antibodies. Only 
those women with positive cultures or with high anti- 
body titers (=1:32) were treated. 

During the 1987 through 1991 study period, several 
reports have appeared about the role of prolactin dis- 
orders, elevated LH, or elevated androgens in recur- 
rent pregnancy loss.’* 5 These were obtained liberally 
in patients presenting with suggestive histories and 
measured by radioimmunoassay. Women with elevated 
prolactin levels on the initial screen had a repeat study 
performed in a fasting state in the morning. If con- 
firmed, computed tomographic or magnetic resonance 
imaging studies were obtained. If indicated, therapy 
was initiated with oral bromocriptine. 

Management. Once all identifiable factors were cor- 
rected, patients were encouraged to achieve pregnancy. 
All couples were then allowed to conceive and to have 


postimplantation progesterone supplementation for up 
to 60 days of pregnancy. Other appropriate treatments 
were administered and monitored throughout the 
pregnancy. 

Data analysis. Standard descriptive statistics were 
used for the analysis of our data accumulated between 
1987 and 1991. Patients are counted only once and 
their further pregnancies are considered as outcome 
events only. Patients were grouped into five groups as 
listed in Table I. Confidence intervals were determined 
by the confidence interval for a population proportion 
within the same group and by the confidence interval 
for the difference between two population proportions 
formulas. A x? analysis was also performed where ap- 
propriate. 


Results 


From 1968 through 1977 100 couples met the criteria 
for eligibility into the study. Thirteen of these couples 
were ascertained because of a history of one malformed 
child and at least one abortion. Because this particular 
subgroup was recruited through our genetic program, 
they will be excluded from the comparative study, leav- 
ing 87 couples from group A. During the 1987 through 
1991 period, 131 couples were elevated for a history 
of two or more recurrent abortions. 

Demographic data are not available for group A. The 
average age of women in group B was 30.0 years, with 
a range of 18 to 44. There were 108 white and 23 black 
women. The total number of pregnancies per patient 
ranged from two to eight. Eighty-seven women had no 
previous term pregnancy, 35 had one previous term 
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Table II. Frequency of probable etiologic factors for recurrent abortion in groups A and B 





Total Mo, No. without genetic 
of couples history ; 








Uterine anomaly n= 1)0 
No. 15 (15%) 
95% Confidence interval 8%-22% 

Balanced translocation n = 100 
No. 12 (12%) 
95% Confidence interval 6%-18% 

Other genetic n = 100 
No. 13 (15%) 
95% Confidence interval 6%-20% 

Endocrine n = 100 
No. 23 (23%) 
95% Confidence interval 15%-31% 

Autoimmune NA 
No. 

95% Confidence interval 

Unknown ' n = 100 
No. 37 (37%) 
95% Confidence interval 28%-4A6% 


NA, Not available. 


Group A 
Group B 
(total No. of 

couples) 

n = 87 n= 114 
15 (17%) 18 (16%) 
9%-25% 9%-23% 
n= 87 n= 13] 
12 (14%) 3 (2%) 
7%-21% 0%-4% 

NA NA 

n= 87 n= 117 
23 (26%) 37 (32%) 
17%-35% 24%-40% 
NA n= 131 
24 (18%) 
11%-25% 

n= 87 n= 112 
37 (43%) 27 (24%) 
33%-53% 16%-32% 


Note: 95% Confidence intervals were calculated within each group. See Table IV for comparison between groups. 


delivery, and nine had two or more term deliveries. 
Seventy-five patients had a pure history of loss, irclud- 
ing stillbirths and ectopic pregnancies. This constitutes 
a group referred to by many as primary aborters. Con- 
secutive pregnancy losses occurred in 116 of the cou- 
ples, although they were interspersed in 16. The most 
common occurrence was one term delivery followed by 
consecutive abortions. Thirty-six couples also hac a his- 
tory of infertility, with an ovulation disorder, endo- 
metriosis, and tubal factors teing the predominant di- 
agnosis. Six patients were already diagnosed with hy- 
pothyroidism, two with systemic lupus erythematosus, 
one with mixed connective tissue disease, and one with 
compensated renal failure o7 unknown cause. Cine pa- 
tient was found to have carcinoma in situ of the breast 
during her workup. All other patients were in good 
health. 

All patients in group A underwent a comp.ete di- 
agnostic evaluation. Fourteen patients in group B were 
pregnant at the time of their initial presentation. An- 
other 27 did not undergo all of the core investigations. 
The most common reasons for an incomplete evalua- 
tion were a pregnancy occurring before the workup 
could be completed and tke identification of an etio- 
logic factor or of pathologic conditions, such as the 
detection of a balanced translocation, that prompted 
the patients to interrupt their attempts at pregnancy. 
Therefore 90 patients in group B underwent a com- 
plete workup. 
= Table I presents the results of the diagnostic inves- 
tigations in series B. Patients may have more than one 
etiologic factor identified, and therefore the sum of 


categories may exceed the total. Table II compares the 
frequency of probable diagnoses between both series. 
The number of couples in group B who underwent 
each diagnostic maneuver is indicated. 

The frequency of balanced parental translocations is 
shown in Table IL. In addition, four patients in group 
B showed a 9(p1q1) pericentric inversion. This was not 
considered significant as an etiologic factor.’® 

Uterine anomalies in group B were classified as sig- 
nificant and incidental, depending on their type and 
severity. Table HI shows this breakdown. Only signif- 
icant uterine anomalies were listed in Table II. 

In group B, 91 patients underwent at least one en- 
dometrial biopsy. In 60 patients, at least one biopsy was 
read as in phase. Ten patients refused a second biopsy 
after the first one had been read as out of phase. They 
were empirically treated with progesterone supple- 
mentation and are considered as having a corpus lu- 
teum defect. Twenty-one patients showed two out-of- 
phase endometrial biopsy specimens. Fourteen women 
in group B had a severe ovulation disorder and were 
included in the endocrine category. Fourteen other 
women displayed only subtle ovulatory disorders that 
were detected but thought to relate more to infertility 
than recurrent abortion. These were not included and 
are not listed in Table II. 

Autoimmune tests were only available for women in 
group B. The women in all 131 couples underwent 
these tests. Twenty-one women had mid or high levels 
of ACA, PS antibodies, or a positive LAC screen on two 
occasions. Three women also had active connective tis- 
sue disorder of autoimmune origin, as listed above. All 
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Table III. Uterine anomalies identified in groups A and B 


Group A 
Anomal (n = 100) 
Septum 10 
Fibroids 
Adhesions 0 
Incompetent cervix 4 


these cases were viewed as having a probable autoim- 
mune cause and are listed in Table IH. In addition, nine 
women consistently had low levels of ACA. For this 
study these low levels were considered as a possible 
cause for abortion, and these women are not included 
in Table II.’ 

Thirty-three couples had two or more probable 
causes of abortion. This excludes the association of cor- 
pus luteum defect and ovulation disorders. No specific 


association was more prevalent. One couple had bal- - 


anced translocation and high positive autoantibodies. 

No cause for recurrent abortion could be identified 
for 37 couples in group A. A comparable figure is more 
difficult to define for group B. There are 22 couples 
for whom no diagnosis could be made after a complete 
workup. In five other couples medical problems, such 
as hypothyroidism, were identified and corrected. Be- 
cause there is much debate about the negative impact 
of such factors on pregnancy outcome, we have added 
these to the list of unknown diagnosis, for a total of 27 
couples. There were 19 couples in whom no diagnosis 
could be made but where the workup was not com- 
pleted in its entirety. We excluded these from our list 
of unknown causes, and the denominator for the un- 
known diagnosis is therefore 112 couples. 

Thirteen couples had possible factors that are hotly 
contested in terms of their potential for recurrent abor- 
tion. They are not listed anywhere in Table II. 

Additional data are not available for patients in 
group A. All but four women in group B were screened 
for thyroid disease. Hypothyroidism was newly diag- 
nosed in five women, whereas two of the six women 
who were known to have this disorder were found to 
be undermedicated. Screening for chlamydia was per- 
formed in 96 women and yielded a single positive se- 
rologic result at 1:64. Prolactin levels were obtained in 
113 women, and 10 women were found to have per- 
sistently elevated levels that were corrected by therapy 
with bromocriptine. Serum levels of testosterone, de- 
hydroepiandrosterone sulfate, LH, and follicle-stim- 
ulating hormone were obtained in fewer than one third 
of patients, mostly in the context of ovulation disorder. 
These substances were found to be abnormal in about 
10% of the patients tested. The numbers are too small 
to draw any inferences at present. 
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Group B 
2 0 
5 3 
8 4 
3 0 


Table IV compares the diagnostic yield between 
groups A and B in two different ways. Because 13 pa- 
tients in group A were ascertained through genetic re- 
ferrals, these are excluded from the analysis. Therefore 
87 couples are considered from group A. From group 
B, we used only those 90 couples who were not preg- 
nant at presentation and who completed a workup. 


_ Both probable and possible etiologic factors are com- 


bined under “known diagnosis.” First, we compared 


' both of these groups in toto. On the basis of this anal- 


ysis, we have not improved our efficiency at making a 
diagnosis in these patients (p = 0.082). This is also il- 
lustrated by the 95% confidence interval between the 
two groups. 

Next, we repeated the analysis excluding chromo- 
somal anomalies from both groups. This was done be- 
cause our figure of 12% of chromosomal anomalies in 
group A is greater than in most series, where the prev- 
alence ranges between 3% and 5%. With these new 
parameters, we have improved our ability to make a 
diagnosis by close to 20% (p = 0.018) (95% confidence 
interval = 4% to 34%). This is a small difference, how- 
ever, which holds true only if we combine probable and 
possible causes. 

The outcome of subsequent pregnancies for patients 
in group A has been reported.’ In summary, 80 couples 
elected to attempt pregnancy; an additional nine cou- 
ples also attempted pregnancy but were in the multi- 
factorial genetic factor group. Of the couples in whom 
a diagnosis was made and who attempted pregnancy, 
34 out of 43 (79%) achieved a successful pregnancy. In 
those couples where no diagnosis could be made, 37 
attempted pregnancy and 23 were successful (62%). In 
group B 35 couples were either lost to follow-up or 
elected not to pursue pregnancy. In the 22 couples 
where no diagnosis could be made, we have follow-up 
on 17. Eight (36%) of these eventually achieved a suc- 


_ cessful pregnancy, whereas five had only losses and four 


failed to achieve a pregnancy. In the 72 couples where 
a probable diagnosis was made, 24 were lost to follow- 
up or decided not to pursue a pregnancy. Of the re- 
maining 48, 35 (73%) had live births, five had spon- 
taneous abortions only, and eight were unable to 
achieve pregnancy (Table V). The minimum follow-up 
interval is 6 months and the maximum 4 years. These 
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Table IV. Compared diagnostic yield of a completed diagnostic workup 


1968-1977 1987-199] 


Adjusted groups—All diagnoses 
Total No. 87 
Diagnosis 50 (57%) 


No diagnosis 37 (43%) 
Adjusted groups—-Excludingz balanced translocations 

Total No. 75 

Diagnosis 38 (50.7%) 


No diagnosis 37 (49.3%) 


Difference (%) and 
95% confidence interval 


90 
64 (71%) 
14 
(0%-28%) 
26 (29%) 
87 
61 (70%) 
19.3 
(4%-34%) 
26 (30%) 


For adjusted zroups— All diagnoses, x? = 3.020 = 0.082. For adjusted groups—excluding balanced translocations, x? = 5.618 


p = 0.018. 


numbers are too small to draw any conclusions in the 
outcomes between our various etiologic groups. No sig- 
nificant difference in outcomes is demonstrable be- 
tween groups A and B. 


Comment 


The traditional workup of the patient with recurrent 
abortion has included structural evaluation of the uter- 
ine cavity. histologic assessment of the endometrium, 
parental chromosomal studies, and a thorough medical 
evaluation, looking for systemic disorders and thyroid 
dysfunction.” In the past 10 years several technologic 
changes have been recorded. Hysterosalpingography 
_ has been complemented by hysteroscopy. Endometrial 
sampling is easier because of the use of flexible sam- 
pling devices. Ovulation assessment is enhanced by uri- 
nary LH monitoring, ultrasonography, and hormonal 
assays. The banding resolution of chromosomal studies 
has improved. Screening for infections has improved 
through enhanced culture techniques and antibody 
assays. 

In addition to the advent of this new technology, the 
area of immune pregnancy loss has-come of age.’* "° 
Autoimmune factors, including the presence of ACA, 
PS, and LAC, have gained acceptance as etiologic fac- 
tors in recurrent abortion. Alloimmune factors have 
been under scrutiny.’* | 

In this context it is important to assess if we have 
made any true progress in our management of couples 
with recurrent abortion. Various studies have looked 
at a similar breakdown of causes in this patient popu- 
lation. >72 Jt is extremely difficult to compare series, 
however, because of varying definitions of what con- 
stitutes recurrent abortion, differing diagnostic pro- 
tocols, and technical maneuvers.* The current study 
offers the opportunity of comparing the diagnostic 
yield of two standardized diagnostic protocols within 
the same institution at two different time periods. The 


protocol for the period of 1987 through 1991 is similar 
to that for the period of 1968 through 1977, except 
that it uses the latest available technology and includes 
testing for autoimmune disorders. 

The breakdown of patients among the different cat- 
egories, as outlined in Tables I and III, is consistent 
with other similar reports.’*"?! Chromosomal problems 
were seen less frequently in group B than in group A 
but are in effect closer to the majority of other sur- 
veys.'® = Random clustering could account in part for 
this difference.” Another explanation is that referring 
physicians now order karyotype evaluations directly 
and manage these cases locally. The merits of uterine 
structural studies are confirmed by our data. 

Evaluation of endocrine factors is now easier and 
more thorough with the advent of flexible sampling 
cannulas and urinary LH monitoring, coupled at times 
with ultrasonographic follicular monitoring. This re- 
mains a prevalent etiologic group and continues to gain 
broad acceptance.® The high prevalence of thyroid dys- 
function and hyperprolactinemia supports routine 
screening for these disorders in this population. 

Autoimmune antibodies were present in 16% of the 
total patient population. This figure is in line with pre- 
vious reports from other sources.'* ** We feel it ts well 
justified to obtain these in all patients with two or more 
abortions, although other reports contest this finding.” 
This may be linked to differences in laboratories. All 
of our assays were performed in the same laboratory, 
with high quality control. In parallel, our clinical ex- 
perience with outside laboratories has been far less en- 
couraging, and there is little correlation between dif- 
ferent laboratories. These issues must be resolved be- 


fore such tests become widely used clinically. In the 


meantime we would encourage interested clinicians to 
refer their samples to an established laboratory with a 
proved track record, specifically in the field of autoim- 
mune pregnancy loss. 
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Table V. Outcomes of pregnancies by diagnostic categories in group B patients where a probable 


diagnosis was made 


Diagnosis 
Balanced translocation (n = 1) l 
Uterine anomaly (n = 4) “ 3 
Endocrine (n = 21) 14 
Autoimmune (n = 8) 6 
Translocation and autoimmune l 
(n = 1) 
Endocrine and uterine (n = 3) 3 
Endocrine and autoimmune 7 
(n = 10) 


We found little support for infection as an etiologic 
factor. This is in contrast with the findings of other 
investigators with comparable techniques.” It may re- 
flect population differences or technical problems with 
the culture and assay systems. 

The 33 couples who had more than one etiologic 
factor identified highlight the need for a complete 
workup in these patients. Stopping once a single cause 
is identified is ill-advised and may lead to inaccurate 
counseling and therapy. The couple with a balanced 
paternal translocation and high positive immunoglob- 
ulin G ACA titers in the wife is an excellent case in 
point. 

When we tried to compare the results from the two 
series, several difficulties emerged. First was the ascer- 
tainment bias. Our referral base had evolved between 
the two study periods. We clearly saw fewer referrals 
for genetic indications. We must also wonder whether 
referring physicians now feel more comfortable order- 
ing karyotypes in these couples and handling counsel- 
ing issues when balanced translocations are identified. 
The same could be true of the diagnosis and manage- 
ment of müllerian anomalies. Second, we are still 
plagued by the fact that only two causes are clearly 
established for recurrent abortion: balanced parental 
translocations and severe uterine anomalies. Last, even 
with the accumulation of data over a relatively long 
period of time in a tertiary referral center, numbers 
remain small and it 1s difficult to draw definitive con- 
clusions. 

After appropriate adjustments, our study does show 
a slight improvement in our ability to diagnose etiologic 
factors in women with two or more abortions. This is 
by a narrow margin. In terms of outcome, we could 
not show any significant improvement. This is related 
in part to the restricted number of patients. It may also 
reflect the poor efficacy of currently available treat- 
ments for the newly identified causes. 

It is somewhat discouraging to realize how little 
ground we have gained in this field over the past 10 
years. The improved technology has not been matched 
by an equal diagnostic yield. This underlines the dire 
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need for increased research in this area. Multicenter 
trials appear to offer the best hope because of their 
ability to acquire large numbers in a relatively short 
period of time. 

In terms of daily practice, this study reemphasizes 
the need for a complete workup in all couples with a 
history of recurrent spontaneous abortions. The find- 
ing that the same team can experience such wide vari- 
ations in the prevalence of etiologic factors should cast 
an appropriate skepticism in applying the data of any 
study to one’s practice. Instead, large pools of data from 
several centers appear more appropriate. It is hoped 
that the next decade will finally see major progress 
accomplished in this area. 
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Editors’ note: This manuscript was revised after these 
discussions were presented. 


Discussion 


Dr. Ramez S. Azoury, Norfolk, Virginia. This study 
compares 151 patients (group B) investigated between 
1987 and 1991 with another group of 100 patients 
(group A) investigated between 1968 and 1977, for 
recurrent abortion in the same academic center. A stan- 
dardized protocol is followed and the results are com- 
piled retrospectively. 

The diagnostic advances made include improved 
karyotyping with G- and C-banding techniques and ul- 
tra-high-banding resolution, laparoscopy replacing gy- 
necography, hysteroscopy used as a complement to hys- 
terosalpingography, a flexible sampling device for sam- 
pling the endometrium, urinary LH monitoring, 
coupled at times with ultrasonographic follicular mon- 
itoring, screening for infections, and tests of autoim- 
mune and alloimmune factors suspected to be causes 
of habitual abortion. The authors stress that at present 
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the diagnosis of autoimmune disease is unreliable, 
because of variability in laboratory technique through- 
out the country, and that this obviously needs im- 
provement. 

Currently, there are no standardized tests or re- 
porting criteria for the LAC. Dudley and Branch’ 
found that there is marked variation in the ability to 
detect LAC in standardized samples from one labora- 
tory to another and that controversy and personal bias 
make the task of standardization difficult. 

The importance of a complete study to make the 
etiologic diagnosis is emphasized and the difficulties are 
apparent. The authors point out the importance of 
identifying medical disease, thyroid disease and hy- 
perprolactinemia especially. Both of these can interfere 
with the hormonal milieu during the menstrual cycle, 
thus inducing ovulatory and luteal phase defects and 
thereby spontaneous abortions. Chronic illnesses of 
course, mainly tuberculosis, can do this and can be eas- 
ily missed. | 

I would like also to comment that in this study the 
most common causes of repeated spontaneous abor- 
tions seem to be luteal phase defect and associated ovu- 
latory defects. The first report on this condition by 
Delfs and Jones’ stated that 35% of the patients studied 
at The Johns Hopkins Hospital for repeated sponta- 
neous abortions were identified as having such defects. 
However, Plouffe et al. repeatedly mentioned in their 
article that uterine anomalies and balanced chromo- 
somal rearrangements are the only two accepted etio- 
logic factors. 

The therapy for recurrent losses in group B differs 
from that of group A. Hysteroscopic resection of uter- 
ine septum has replaced metroplasty. Only those 
women with positive cervical culture for general mi- 
crobiologic results and chlamydia or a high antibody 
titer for chlamydia are treated. All couples for whom 
no cause can be found are treated with postimplanta- 
tion progesterone, whereas those identified as having 
a corpus luteum defect are treated with preimplanta- 
tion progesterone vaginal suppositories, and patients 
with autoimmune disorders receive either aspirin alone 
or aspirin and heparin or aspirin and cortisone. How- 
ever, there are reports about the use of intravenous 
immunoglobulin for the treatment of recurrent abor- 
tions caused by antiphospholipid antibodies.* Would 
the author care te comment about this modality? 

What criteria do the authors use to include some 
conditions under “possible” and others under “prob- 
able” in Table II? 

Allormmune factors are mentioned briefly. I would 
like to ask the author to comment on the current 
thoughts of his group about this cause. Should we pur- 
sue this investigation all the way in a couple where no 
etiologic factor could be detected? What are your cur- 
rent thoughts about therapy? 

Do the authors believe that a male factor should be 
considered, in view of some anecdotal reports of re- 
peated spontaneous abortions in four women married 
to the same husband? The experience at the Jones In- 
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stitute shows that there is a trend for repeated abortions 
in patients whose husband has poor sperm morpho- 
logic characteristics, i.e., <4% normal forms, by means 
of strict criteria developed by Tiggerberg and his 
group* in South Africa. However, the number is too 
small to draw a conclusion. 

It would have been interesting to “revisit” the patients 
in group A to obtain a longer follow-up and predict 
what would happen to the patients in group B if they 
underwent follow-up for a longer period of time. 

This is an excellent article by a group well known for 
scientific performance and expertise in the area of re- 
production. It is disappointing to learn that, although 
their ability to diagnose the etiologic factors of recur- 
rent abortion has improved, there has not been a per- 
ceptible i increase in successful therapy for this intrigu- 
ing problem. 
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Dr. PLourFrFe (Closing). With regard to the autoim- 
mune issue, there are two camps that are evolving and 
for those of you with a strong interest in the area I 
would encourage you to look at The American Journal of 
Human Genetics, January 1992, where there is a beau- 
tiful editorial by Dr. Gill from Pittsburgh that really 
crystallizes the whole debate.’ Dr. Gill was on the au- 
toimmune-immune side and now is on the autoim- 
mune-genetic side. Basically, the concept is that if there 
is a high level of shared loci in parents this may indeed 
represent failure of the normal immunologic mecha- 
nism in pregnancy. It may be a problem of lack of 
recognition of the pregnancy as a foreign allograft and 
lack of elaboration of the blocking antibodies. That is 


-one concept, and under that theory one would want to 


initiate immune therapy. Another group, though, be- 
lieves that those are immune markers for genetic mark- 
ers, and therefore what you are identifying is couples 
that share many genetic loci that are critical to normal 
embryonic development and normal life. 

In looking at the outcome of pregnancies in parents 
who share many loci, it is apparent that not only do 
they have a high incidence of infertility and a higher 
incidence of recurrent pregnancy loss, but they also 
have a higher incidence of cancers that are genetically 
related. Because of this we believe that the autoimmune 
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etiology may be a reflection of shared genetic load. In 
our center this is our experience. Couples with many 
shared loci who have had autoimmune therapy have 
not had much success and those who have tried without 
autoimmune therapy have been successful after mul- 
tiple attempts at pregnancy. ‘Therefore the debate con- 
tinues and we do not have the answers, but it is one 
area that needs follow-up. 

In terms of male factor infertility, we have the same 
gut feeling as those in Norfolk, Virginia, that this is a 
factor. We have had some'couples over the years in 
which the man had highly abnormal sperm parameters. 
I could not establish a threshold level. Our experience 
is too small to draw any conclusions on this, but it is 
one area that needs to be looked into, as well as the 
presence of antisperm antibodies in either the male or 
the female partner, which has been thought by some 
groups to be related to recurrent pregnancy loss. 

The role of immunoglobulin for autoimmune ther- 
apy is extremely interesting; the data are very prom- 
ising. The multicenter trial in which we were enrolled 
compared aspirin and heparin versus aspirin and pred- 
nisone. We were able to randomize 20 couples and 
found a small increase in side effects from the aspirin- 
prednisone therapy compared with the aspirin-heparin 
therapy. We were not able to show that there was any 
benefit of one treatment over the other in terms of 
pregnancy outcome. At that time the NIH determined 
that because we had higher side effects in the aspirin- 
prednisone group, the study should be dropped. That 
was the only effort of which we are aware of a multi- 
center trial looking at autoimmune disease. It is hoped 
that the NIH will revise its policy and we will be able 
to initiate further studies in this very difficult area. Also 
at that time we could include y-globulin therapy and 
immunoglobulin therapy as part of the study trial. 

With regard to the question about possible or prob- 
able etiologic factors, we have tried to be as objective 
as possible. The reason that chromosomal. anomalies 
are recognized by all is that one can look at the outcome. 
It is possible to look at the fetus and document unbal- 
anced translocations. In looking at uterine anomalies, 
most people agree, although we do not have a random- 
ized trial of couples treated and not treated with uterine 
anomalies. We strongly believe that luteal phase defect 
falls into the known causes of recurrent loss, but we 
know that other people, including Dr. Grimes, would 
debate the issue. Therefore we tried to include those 
factors for which there is a consensus that they are 
definite causes. Probable causes and those that are hotly 
debated get more into the issue of possible causes. 
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Electroejaculation in combination with in vitro fertilization and 
gamete micromanipulation for treatment of anejaculatory 


male infertility 


Andrew A. Toledo, MD, Michael J. Tucker, PhD, James K. Bennett, MD, 
Bruce G. Green, MD,” Hilton I. Kort, MD, Sharon R. Wiker, and Graham Wright, BSc: 


Atlanta, Georgia 


OBJECTIVE: Failure to ejaculate may be overcome by use of electroejaculation. However, such semen 
samples are often unsuitable for therapies like intrauterine inseminaticn. The combination of 
electroejaculation with in vitro fertilization, including gamete micromanipulation, should improve chances of 


fertilization and pregnancy in such cases. 


STUDY DESIGN: Within a private infertility clinic electroejaculation in combination with intrauterine 
insemination was carried out in 18 cycles (10 couples). Four couples went on to receive therapy by 
electroejaculation plus in vitro fertilization, along with six other couples (15 cycles total) with semen too 


poor for intrauterine insemination. 


RESULTS: One term pregnancy arose in the electroejaculation—intrauterine insemination group, and one 
term pregnancy plus one continuing pregnancy arose from two couples (three cycles) whe underwent in 
vitro fertilization with conventional insemination after electroejaculation. Six couples (nine cycles) had 
embryos arising only from gamete micromanipulation transferred, and this yielded two term pregnancies, 
one spontaneous abortion, and a biochemical pregnancy: Two couples (three cycles) failed to achieve 
fertilization even with micromanipulation; however, donor-inseminated eggs gave rise to two term 


pregnancies and one continuing pregnancy in these patients. 


CONCLUSIONS: This report confirms the feasibility of in vitro fertilization in conjunction with | 
electroejaculation and extends the therapy to incorporate gamete micromanipulation. (Am J OBSTET 


GYNECOL 1992;167:322-6.) 


Key words: Electroejaculation, anejaculatory infertility, gamete micromanipulation 


The combination of electroejaculation and intra- 
uterine insemination has given rise to several reports 
of successful pregnancies for couples in whom the male 
partner suffers from paraplegic anejaculation."*? How- 
ever, it is Common in such men for-spermatozoal counts 
to be low and progressive motility to be poor, possibly. 
because of either testicular hyperthermia or negative 
influences of the electroejaculation procedure on se- 
men production. For example, electroejaculation may 
not initiate a full ejaculatory response.’ These factors 
militate against success with timed intrauterine insem- 
ination alone, and Ayers et al.* reported the first suc- 
cessful application of in vitro fertilization (IVF) and 
embryo transfer in combination with electroejaculation 
in a case of oligoasthenozoospermia. Recently gamete 
micromanipulation procedures have been developed to 
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enhance fertilization during IVF for severe male factor 
infertility,” and such approaches may be appropriately 
applied to the poorer cases of electroejaculation—IVF. 

In addition to performing electroejaculation in-com- 
bination with intrauterine insemination, we have also 
adopted IVF in cases untreatable by intrauterine in- 
semination or after repeated failure with electroejac- 
ulation—intrauterine insemination. In several cases 
where spermatozoal performance was particularly 
poor, we have undertaken partial zona dissection’ and 
in three cases subzonal spermatozoal insertion® in an 
attempt to improve chances of fertilization during IVF. 


Material and methods 


Patients. Ten women underwent 18 intrauterine in- 
semination cycles with spermatozoa previously col- 
lected by electroejaculation. One other woman whose 
partner’s semen was inadequate for intrauterine insem- « 
ination on two occasions underwent insemination with 
frozen-thawed donor semen at the second failed elec- 
troejaculation attempt. All naturally ovulatory women 
received one intrauterine insemination midcycle ac- 
cording to ovulation estimates, on the basis of a urinary 
luteinizing hormone surge, except two women in whom 
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Table I. Seminal profile of 10 couples who underwent electroejaculation plus intrauterine insemination 


: (18 cycles) 
Semen source 


Prepreparation (average + SD) 
Diluted volume (ml) 
Count (millions ml) 
pH | 
Motility (%) 
Progression (0-4) 
Contamination 


Intrauterine insemination specimen postpreparation (average + SD) 


Volume (ml) 

Total motile (million) 

Progression (0-4) 
Outcome 

Term pregnancy 


*All samples. 


One male infant per 18 cycles of intrauterine insemination. 


intrauterine insemination was performed twice mid- 
cycle. 

Of these 10 couples, four subsequently undertook 
treatment by IVF (five cycles). A further six couples 
underwent [VF-—electroejaculation treatment directly 
(10 cycles) because of poor spermatozoal quality. Male 
partners all were anejaculatorv, one being quadriplegic 
and seven paraplegic after spinal cord injury. The other 
two men had postoperative damage subsequent to ret- 
roperitoneal lymph node dissection. Six of the female 
partners also had secondary complicating infertilities 
including anovulation, mild endometriosis, adhesions, 
polycystic ovarian syndrome, microadenoma and mild 
endometriosis, and fibroids. Average + SD age of these 
10 women at the time of treatment was 34.3 + 2.9 
years. A variety of ovulation induction protocols was 


used to achieve superovulation. In four cycles a com- ' 


bination of clomiphene citrate and human menopausal 
gonadotropin was used, and in one cycle human meno- 
pausal gonadotropin only was used. There were nine 
cycles of long-protocol leuprolide acetate treatment 
coupled with pure follicle-stimulating hormone and 
` human menopausal gonadotropin, and one cycle used 
a short-protocol leuprolide acetate regimen in combi- 
nation with follicle-stimulating hormone and human 
menopausal gonadotropin. Ovulation was triggered in 


all cases with human chorionic gonadotropin when es- | 


tradiol rise and follicular growth patterns were optimal. 
Additionally, all women received midcycle corticoste- 
roids and antibiotics’ in anticipation of transfer of em- 
bryos with perforated zonae pellucidae. 
Electroejaculation. With the male partner in a lateral 
-decubitus position, anoscopy was performed to ascer- 
tain that there were no rectal hemorrhages, mucosal 
ulcerations, or neoplasms. Next urethral catheteriza- 
“ tion was carried out to drain the bladder, and the blad- 
‘der was refilled with approximately 30 to 60 ml sterile 
Hepes-buffered minimum essential medium with 2.5% 


Rarograd 
8.9 + 7.0 50.1 + 38.2 
18.0 + 31.1 8.5 + 15.0 
6.9 + 0.2 6.6 + 0.3 
12.4 + 12.7 8.1 + 7.9 
L707 1.5 + 0.8 
72%* 83%* 
0.7 + 0.3 
13.4 + 43.2 
2.6 + 0.4 
lf 


bovine serum albumin before removal of the catheter. 
The electroejaculator was inserted atraumatically into 
the rectum, and an electroejaculatory stimulation of 5 
to 35 V and 100 to 600 mA (sine wave—alternating 
current) was delivered. All antegrade ejaculation was 
collected in a sterile specimen container and immedi- 
ately examined for the presence of spermatozoa. At the 
end of the procedure the man again underwent an- 
oscopy to check for any rectal lesions, and the bladder 
was recatheterized to obtain any retrograde ejaculation. 
Blood pressure was monitored throughout the pro- 
cedure. 

Intrauterine insemination, IVF, partial zona dissec- 
tion, and subzonal spermatozoal insertion. Semen 
samples were prepared by washing and sedimentation 
under mineral oilt or by a mini-Percoll technique.” 
Pentoxifylline (2.5 mmol/L) and 2'-deoxyadenosine 
(2 mmol/L) were used in the spermatozoal preparation 
for subzonal spermatozoal insertion.” Intrauterine in- 
semination was performed with a Wallace embryo re- 
placement catheter (H.G. Wallace, Colchester, United 


Kingdom) placing between 0.25 and 1.0 ml processed 


spermatozoal suspension close to the uterine fundus. 
IVF, partial zona dissection, and subzonal spermatozoal 
insertion procedures were performed as previously de- 
scribed.” ë Embryo transfers were performed with a 
Wallace catheter, and all patients received luteal phase 
support as either human chorionic gonadotropin on 
days 2 and 4 after the oocyte retrieval or progesterone 
daily until pregnancy testing. 


Results 


Table I indicates the averaged seminal profile for 
both antegrade and retrograde ejaculates before pro- 
cessing for 18 cycles of intrauterine insemination. Be- 
cause of the need to dilute samples, volumes collected 
are relatively large and vary according to the ease of 
collection. Likewise spermatozoal counts vary radically. 
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Table II. Averaged seminal profile (antegrade and retrograde), fertilization, and pregnancy outcome in 10 
couples (15 cycles) who underwent electroejaculation plus [VF | 


IVF insemination strategy 





Conventional Conventionai—partial. zona dissection—subzonal Partial zona dissection—subzonal spermatozoal 
anly spermatozoal insertion insertion—donor 
No. of cycles 2 9 oe. « 
Volume (ml) 31.3 + 22.7 15.3 + 7.0 32.2 + 44.6 
Count 7.6 + 4.1 24 5b) E298 
(million/m} Slee 
pH . Ta = O05 7.5 + 0.5 6.9 + 0.1 
Motility (%) 18.6 + 14.9 6.6 + 9.6 7.4 + 3.9 
Coa 1.8 + 0.6 2.0 +13 LI+09 
Fertilization 21/34 1/13 11/36 6/18 > 4/5 0/4 0/1 
Conventional Conventional Partial zone. Subzonal spermatozoal Donor Partial zona Subzonal spermatozoal 
dissectior insertion dissection insertion 
Cryopreser- 12 — — ` ]* -~ — ` — 
vation i 
Embryo - 9 9 5 4 
transfer ' 
Outcome 
Delivered i 2 2 
Continuing 1 = ] 
Other = RF x — 


*Five-cell embryo frozen after reinsemination by subzonal spermztozoal insertion. 


One spontaneous abortion and one biochemical pregnancy. 


Frogressive motility is low in all cases, and >70% o7 all 
samples collected contained ccnsiderable contamina- 
tion, particularly blood cells and nondescript cellular 
debris. One pregnancy with delivery of a male infant 
arose from these 18 cycles, and interestingly it was from 
one of the two cycles in which insemination was carried 
out twice midcycle, the total motile spermatozoa] counts 
being 6 and 17 million on these occasions. 

Table II considers the combined antegrade and ret- 
rograde seminal profiles in the 15 electroejaculation— 
IVF cycles undertaken. Spermatozoal counts and pro- 
gressive motility were low in all cases, especially in the 
three cycles where fertilization failed with husbands’ 
spermatozoa, although oocyte numbers were low in 
these cases. In two couples (three cycles) conventional 
insemination of oocytes alone was carried out with a 
62% fertilization rate, 12 embryos were cryopreserved, 
and nine embrvos were transferred to give one preg- 
nancy with delivery of a female infant and one contin- 
uing pregnancy. In nine cases conventional insemina- 
tion was also backed up by partial zona dissection and 
subzonal spermatozoal insertion in a greater propor- 
tion of the oocytes collected. One fertilized oocyte from 
the conventional group (7.7% fertilization rate) did not 
Gevelop for transfer, whereas 11 partial zona dissec-ion 
cocytes were fertilized (30.6% fertilization rate) and 
nine cleaved to be transferred to give two pregnancies 
with delivery of male infants, one spontaneous aboriion 
at 10 weeks of pregnancy, and a biochemical pregnancy. 
Two oocytes unfertilized by partial zona dissection un- 
derwent reinsemination by sukzonal spermatozoal in- 


sertion, and one fertilized to be frozen as a five-cell 
embryo. In two cycles fertilization arose only from sub- 
zonal spermatozoal insertion with a 31.2% fertilization 
rate (5/16). All embryos were iransferred but without 
pregnancy. Finally, in two couples (three cycles) in 
whom fertilization was not achieved with the husband’s 
spermatozoa a total of four embryos (80% fertilization 
rate) from donor insemination were transferred to give 
one pregnancy with delivery of a male infant, one preg- 
nancy with delivery of a female infant, and one con- 
tinuing pregnancy. 


Comment 


The inability to achieve seminal ejaculation can in 
many instances be overcome by the use of electroejac- 
ulation. This procedure, however, does not in all cases 
provide semen of sufficient quality for use in intra- 
uterine insemination. Where semen quality is poor, IVF 
can be adopted to enhance chances of fertilization and 
pregnancy,“ and our results here confirm that as a re- 
alistic course of treatment. In addition, chances of fer- 
tilization may. be further improved by the implemen- 
tation of some form of gamete micromanipulation, es- 
pecially when seminal quality is actually suboptimal, 
even for use in conventional IVF. Again the few cases 
reported here seem to bear this out, with three preg- 
nancies being initiated and two male infants delivered 
from the six cycles in which embryos arose from partial 
zona dissection micromanipulated oocytes. Subzonal 
spermatozoal insertion reinsemination of two oocytes 
that failed to fertilize after conventional insemination 
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gave rise to one late-fertilized cleaved embryo that was 
frozen for later, more synchronous transfer after thaw- 
ing. Further, subzonal spermatozoal insertion in two 
cycles generated five embryos for two transfers, but 
pregnancy did not result. 

As previously found,’ no one particular seminal char- 
acteristic was clearly predictive of the need for gamete 
micromanipulation. There was, however, a suggestion 
that higher motility was associated with greater ease of 
fertilization in IVF, because this was highest in those 
two patients who only required conventional insemi- 
nation, although this difference was not statistically sig- 
nificant. It is known that systemic antispermatozoal au- 
toimmunity can occur in spinal cord—injured men,” 
and it is conceivable that this factor may have had some 
bearing on the poor spermatozoa] motility and low fer- 
tilization outcome in some of the cases reported here. 
However, antispermatozoal antibodies were not assayed 
in this instance because of insufficient sperm numbers, 
and efforts were concentrated on obtaining sufficient 
spermatozoa! suspension for insemination. 

Continuing improvement in many areas of repro- 
ductive technologies underline the need for our con- 
stant reappraisal of what is possible in infertility ther- 
apy. Electroejaculation has enabled spermatozoa to be 
routinely collected from men previously thought of as 
untreatable. Gamete micromanipulation has allowed 
fertilization to be realized in cases of severe male factor 
infertility, otherwise considered untreatable by IVF. In- 
deed, further improvement of these latter techniques 
may eventually allow us to achieve fertilization in those 
cases where we still have had to resort to donor insem- 
ination when spermatozoal counts were too low, and 
progressive motility too feeble, or when oocyte num- 
bers were limited. In any event we have established that 
electroejaculation of anejaculatory men in combination 
with IVF with or without gamete micromanipulation is 
a viable therapeutic approach. 
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Discussion 


Dr. R. G. BRAME, Greenville, South Carolina. This 
treatise addresses a topic that is rather unique but is an 
important subject, not only because it addresses the 
reproductive needs of a seriously impaired segment of 
the population but it also brings to our attention, again, 
some of the modern technology that may be brought 
to bear on the reproductive failures of the many others 
not so handicapped. 

First, let me reemphasize some observations already 
made by the presentor: the women partners of these 
men suffered an unusually large number of concomi- 
tant reproductive problems, an interesting finding for 
which no explanation is apparent. Another observa- 
tion: electroejaculation is a new technology, but early 
in its history rectal injuries could be caused both by 
direct trauma and electric shock. It appears now that 
those problems have been resolved and electroejacu- 
lation can be carried out without even minor compli- 
cations for the male. Further, it is fairly obvious that 
neurologic impairment in the male, however mediated, 
results in poor semen quality. There are small numbers 
of sperm, poor motility, and contamination of the al- 
ready poor samples by much cellular debris and blood. 

I did struggle, Dr. Toledo, a great deal with some of 
your math. I can add up seven pregnancies in your 
abstract but only six that were conceived by IVF. I have 
made the presumption that you included the one pa- 
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tient who had intrauterine insemination. I have no 
problem with this except that it is not totally clear that 
that is the case, first, and second, I’m not sure why the 
patient having intrauterine insemination was included 
in the series, given the title. In addition, you speak to 
the issue of enhancing IVF by the addition of partial 
zona dissection, yet when I examine your tables, I fad 
conventional IVF to have a €7% fertilization rate 
whereas conventional-partial zona dissection has a 2&8% 
rate and partial zona dissection with donor eggs has a 
0% fertilization rate. If I have obviously misinterpreted 
your figures, as Im guessing that I have, I'll be grateful 
for your help. Also, I did not identify in your data a 
recounting of how many IVF implants were made in 
each patient or over what amount of time. But none 
of this detracts from your success. 

You do present an apparently effective approach to 
the loss of reproductive capacity in individuals who 
have experienced spinal cord or other neurologic in- 
jury, and although it is a problem that affects only a 
small number of patients, it is an important step in our 
attempts to make the benefits of modern medicine 
available to the entire spectrum of the handicapped. 

Dr. ROGER P. SMITH, Augusta, Georgia. Would the 
authors please comment on whether they use alternat- 
ing or direct current? If they use alternating current, 
would they comment on wave form and duty cycle? 

Dr. BARRY S. VERKAUF, Tampa, Florida. We have 
been fortunate to have two of our first six patients seen 
with clomiphene citrate intrauterine insemination with 
electroejaculation. I like to ask Dr. Toledo several ques- 
tions relative to handling the ejaculate. First, since there 
is a propensity to infection, were antibiotics used fcr 
both the male and female? Second, because antegrade 
specimens are not always obtained, was alkalinization 
of the urine done? Third, because experience around 
the country is quite limited with this technology, did 
you notice any improvement in the quality of the ejac- 
ulate with the number of electroejaculations that in- 
dividual men were exposed to? | 

Dr. TOLEDO (Closing). In answer to Dr. Brame’s 
question regarding the actual pregnancies, we included 
biochemical pregnancies as the seven, not the intra 
uterine insemination. The seven total pregnancies were 
in that particular group. Basically, we had a total of two 
cycles with a particular type of technique where we felt 
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that initially the insemination specimen quality partic- 
ularly with regard to motility was improving. Granted, 
22% motility is not what we would consider normal, 
but we felt that particular percentage was going to be 
sufficient in allowing for conventional insemination. We 
inseminated all four of these oocytes that I showed you 
with conventional techniques using micromanipula- 
tion, obtaining roughly a 62% fertilization rate result- 
ing in the delivery of one term pregnancy. Other preg- 
nancies were a combination of two groups. The con- 
ventional group did not contribute because, although 
we did get one oocyte fertilized, there was no subse- 
quent cleavage resulting in a nonviable embryo. All of 
these pregnancies resulted from partial zona dissection, 
giving about a 30% fertilization rate. In the subzonal 
insertion group, again as I emphasized, was not one 
where we were able to replace the embryo because of 
the time lag it is still in cryopreservation. In this par- 
ticular group, the two delivered pregnancies were all 
an off-shoot of donor backup. I apologize for the con- 
fusion in the numbers. 

In answer to the question regarding the current, I 
believe that it was alternating’ current with a sine 
waveform. 

With regard to the collection of the ejaculate, we did 
cover both the female and her husband with antibiotics. 
Whenever we manipulate the zona pellucida, we are 
concerned about exposing the embryo to infection; 
therefore we do use antibiotic coverage in both the 
woman and her husband. 

The husband’s urine was alkal:nized before the pro- 
cedure. This is usually done with a sodium bicarbonate 
preparation. 

With regard to the overall improvement of the semen 
specimen with repeated ejaculation, the answer was that 
it was very variable. We saw no consistent pattern. It 
was totally unpredictable. West of Houston has also 
pointed out that the response to electroejaculation is 
quite variable and is frustrating to those undergoing 
the treatment. 

If we had to do it over again for the poor responders, 
we would automatically use our experience with pri- 
mary subzonal insertion. The best shot at the oocyte in 
terms of fertilization is first-day exposure in the hope 
that donor backup would not have to be relied on. 


Red blood cell transfusion and cesarean section 
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OBJECTIVE: Our objective was to determine the incidence of blood transfusion in patients delivered by 
cesarean section and to identify factors predictive of the need for transfusion. 

STUDY DESIGN: A chart review was performed on cesarean patients receiving blood transfusion over a 
year at the Medical College of Virginia Hospital and an equal number of randomly selected cesarean 


patients. 


RESULTS: Sixty-one (6.8%) patients received a packed red blood cell transfusion, intraoperatively or - 

postoperatively. Transfusion was associated with lower gestational ages, antepartum bleeding, arrest of 
descent, and longer postoperative stays. After stepwise logistic regression analysis, only antepartum 

bleeding and preoperative hemoglobin were significant independent predictors of the need for blood 


transfusion. 


CONCLUSION: Transfusion with cesarean section is common and is associated with antepartum bleeding 
and other primarily intrapartum and unpredictable factors. (AM J OssteTt GYNECOL 1992;167:327-32.) 


Key words: Blood transfusion, autologous donation, cesarean section 


Patient concerns about receiving a blood transfusion 
have progressively increased in the past decade, due 
primarily to concerns about infectious complications, 
specifically hepatitis and human immunodeficiency vi- 
rus infections. In some preoperative patients, the risk 
of infectious complications can be minimized by the use 
of preoperative autologous blood transfusions. Blood 
donation for autologous transfusion has been per- 
formed in the third trimester of pregnancy without 
major complications." However, in contradistinction to 
many other surgical patients, it is difficult to predict 
which obstetric patients will need blood transfusions. 
A recent retrospective study of over 30,000 deliveries 
reported that 2.6% of obstetric patients received =1 U 
of blood.’ Patients at increased risk for transfusion in- 
cluded those with more than one prior abortion or a 


multiple gestation, patients undergoing cesarean sec- 


tion, particularly a primary cesarean section, and pa- 
tients with abnormalities in placentation and amniotic 
fluid volume. Patients who received a transfusion also 
had a significantly lower gestational age and neonatal 
birth weight and a significantly higher estimated blood 
loss. However, many of these factors are closely inter- 
related, and no regression analysis was performed. 
Because one group at relatively high risk for hem- 
orrhage requiring transfusion consists of patients un- 
dergoing cesarean section,*® our aim was to describe 
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those patients requiring blood transfusion at the time 
of cesarean section in an attempt to identify factors that 
might predict a need for transfusion. In addition, we 
wished to determine whether those patients who un- 
derwent blood transfusion were at increased risk for 
prolonged hospital stay and other postoperative com- 
plications. 


Material and methods 


All patients discharged between July 1, 1988, and 
June 30, 1989, with the diagnosis of cesarean section 
were identified and their blood bank records reviewed. 
Those patients who were identified as having received 
blood products during their hospitalization constituted 
our study group. To create a comparison group, we 
matched each transfused patient with the next cesarean 
section patient on the alphabetic discharge list in the 
same time period who did not receive a transfusion. 
We reviewed the hospital charts for these patients and 
extracted data on patient demographics, obstetric and 
medical history, type of cesarean section performed, 


‘indications for surgery, anesthesia, preoperative and 
postoperative blood counts, estimated blood loss at the 


time of surgery, postoperative complications, and post- 
operative stay. Timing of the transfusion in relation to 
surgery and vital signs at the time of transfusion were 
also recorded for the study group. 

Statistical analysis was performed with True Epistat 
and SAS statistical packages. Fisher’s exact test and x? 
analysis were used, as appropriate, for discrete vari- 
ables. The Student ¢ test was used for continuous vari- 
ables. The stepwise logistic regression analyses were 
performed with SAS software. A p value of =0.05 was 
considered significant. 
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Table I. Comparison of characteristics of 
mothers and babies delivered by cesarean 
section with and without blood transfusion 






No blood 
transfusion 


Variable (n = 69) 


Age (yr) 95.6 + 6.1 25.0 + 6.C 
Nulliparous (No.) 26 (43%) 29 (42%) 
Ratio abortions to 0.21 + 0.26 0.13 + 0.20 
deliveries 
Prior cesarean sec- 17 (23%) 19 (28%) 
tion (No.1 
Gestational age (wk) 35.3 + 5.1 37.0 + 4.1 
Birth weight (gm)* 2456 + 1150 2696 + 883 
Intrauterine growth 4/64 (16%) 8/76 (11%) 
retardation* 
(No.) 


Values represent mean + SD. 
*Includes 10 sets of twins. 


Results 


Eight hundred ninety-nine patients were identified 
as having undergone cesarean section during this time 
period. Review of blood bank records revealed that 69 
received blood products. Analysis of the hospital charts 
revealed that two patients in the study group did not, 
in fact, receive blood products. An additional two pa- 
tients only received blood preoperatively, and four pa- 
tients were transfused with platelets or fresh-frezen 
plasma but did not receive packed red blood ‘cells. 
These eight patients were eliminated from further 
analysis; thus our study group comprised 61 patients 
(6.8% of all cesarean sections) who received packed red 
blood cells intraoperatively or postoperatively. Thirty- 
nine (64%) received the transfusion intraoperatively or 
immediately postoperatively. 

There were no significant differences between the 
two groups in maternal age, incidence of prior cesarean 
section, neonatal birth weight, or intrauterine growth 
retardation (Table I). Although there was no significant 
difference between the two groups in gravidity, parity, 
or the number cf prior abortions, there was a significant 
difference in the ratio of abortions to deliveries. The 
mean gestational age at the time of delivery was sig- 
nificantly lower in the transfused group, although the 
difference in the number of patients delivered pre- 
maturely (<37 weeks) was not statistically significant 
(51% vs 36%, p not significant). . 

Indications for cesarean section delivery included 
elective repeat cesarean section, active phase arrest. fe- 
tal distress, placenta previa, arrest of descent in the 
second stage, and abnormal presentation. Both bla- 
centa previa and arrest of descent were significantly 
more often cited as indications for cesarean section in 
the study group (Table II). There was no difference 
between the two groups in the frequency of repeat 
cesarean sections after a trial of labor (12% vs 10%). 
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Table II. Comparison of cesarean section 
characteristics in patients with and without 
blood transfusion 

















Blood 
transfusion 
(n = 61) 


No blood 
transfusion 





Variable 


Indication for cesarean 


section 
Elective repeat cesar- 6 10 9 13 NS 
ean section 
Arrest of labor 7 12 16 23 NS 
Fetal distress 16 26 16 23 NS 
Placenta previa 8 B 0 0 0.002 
Arrest of descent 8 13 2 3 0.045 
Abnormal presentation 9 15 18 26 NS 
Other 4 7 5 7 NS 
Type of cesarean section 

Low transverse 41 67 65 94 0.004* 
Vertical 14 23 4 6 0.005* 


Cesarean hysterectomy 6 10 0 Q 0.009% 
Anesthesia 


General 32 53 20 29 0.007** 
Epidural 21 34 39 57 0.014** 
Spinal 3 5 6 9 NS 
Other 5 8 4 6 NS 


Preoperative hemoglobin 0.005 
(gm/dl, mean + SD) 1.2217 16s 14 


NS, Not significant. 
*When compared with all other types of cesarean section 
combined. 


{When compared with all other forms of anesthesia com- 
bined. 


Transfused patients were more likely to have a vertical 
uterine incision or cesarean hysterectomy and to have 
undergone general anesthesia. 

As shown in Table III, placenta previa and third- 
trimester bleeding from causes other than placenta 
previa were significantly more common in the study 
group. There were no significant differences in the 
frequency of other antepartum complications, includ- 
ing chronic hypertension, diabetes, multiple gestation, 
and preterm labor. 

There were no significant differences in the occur- 
rence of preeclampsia, chorioamnionitis, and dissemi- 
nated intravascular coagulation. Not unexpectedly, 
atony occurred significantly more frequently in the 
transfused patients, and the average estimated blood 
loss at the time of surgery was also greater, with 53 
(87%) having an estimated blood loss >1000 ml, com- 
pared with 29 (42%) in the nontransfused patients 
(p < 0.0001). Although patients receiving blood had a 
longer mean postoperative stay, there was no difference 
between the two groups in the incidence of infectious 


complications or wound breakdown (Table IV). The 


number of patients with prolonged postoperative stays 
(=5 days) was not significantly different (73% vs 58%, 
p = 0.067). In spite of transfusion, on the average, the 
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Table III. Comparison of complications 
associated with pregnancy and delivery in 
patients with and without blood transfusion 










Blood - No blood 
transfusion transfusion 
(n = 61) (n = 69) 


Variable 


Antepartum 
Chronic hy- 2 3 6 9 NS 
pertension 
Diabetes 4 7 6 9 NS 
Multiple ges- 4 8 7 10 NS 
tation 
Third-trimes- 13 21 3 4 0.003 
ter bleeding* 
Placenta previa 7 12 0 0 0.004 
Preterm labor 18 30 13 19 NS 
Intrapartum 
Preeclampsia 1] 18 9 13 NS 
Chorioam- 12 20 12 17 NS 
nionitis 
Disseminated 2 3 0 0 NS 
intravascular 
coagulation 
Atony 12 20 0 0 <0.0001 
Estimated <0.0001 
blood loss 
Gal mean a 1468 + 706 870 + 198 
SD) 
Estimated 53 87 29 42 <0.0001 
blood loss 
>1000 ml 


NS, Not significant. 
*Not including placenta previa. 


study group was discharged with a lower hemoglobin, 
although severe anemia at discharge (hemoglobin 
<8 gm/dl) was uncommon in both groups. 

The hemodynamic parameters at the time of packed 
red blood cells transfusion were generally not indicative 
of shock (Table V). Twenty-one patients (35%) received 
more than two units of packed red blood cells; the 
mean number of units transfused was 2.8 + 1.4. For 
patients with placenta previa, the mean number of 
units transfused was 3.2 + 2.0 with a range from 
2to 7 U. 

A stepwise logistic regression analysis was performed 
with variables with a p value of £0.1 on univariate anal- 
ysis. These included ratio of abortions to deliveries, 
gestational age, cesarean section type, anesthesia, non- 
previa antepartum bleeding, preoperative hemoglobin, 
and estimated blood loss. Only gestational age, bleeding 
from causes other than placenta previa, and estimated 
blood loss remained as significant predictors of the 
need for blood transfusion. Although the presence of 
placenta previa was strongly associated with the need 
for transfusion, it could not be used in this analysis 
because of its absence in the control group. 

Because these variables cannot be used as predictors 
for the use of autologous transfusion, the analysis was 
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Table IV. Comparison of postoperative course 
in patients with and without 
blood transfusions 


















Blood 
transfusion 
(n = 61) 


No blood 
transfusion 
(n = 69) 






Variable 


Postoperative stay 6.1 + 3.9 5.0 + 1.5 0.032 
(days, mean + 
SD)* 

Postoperative stay 
25 days* (No.) 

Endometritis 
(No.) 

Wound break- 
down (No.) 

Total infectious 
complications 
(No.) 

Lowest hemoglo- 
bin (gm/dl, 
mean + SD) 

Discharge hemo- 
globin (gm/dl, 
mean + SD) 

Change in hemo- 
globin, preop- 
erative to dis- 
charge (gm/dl, 
mean + SD) 


44 (74%) 40 (58%). NS 


6 (10%) 10 (15%) NS 


11 (18%) 6 (9%) NS 


19 (31%) 17 (25%) NS 


76414 100+1.4 <0.0001 


9.4 + 1.2 10.0 + 1.3 0.004 


1.4 + 2.2 L7 + 14 NS 


NS, Not significant. 


*Does not include one patient with thrombocytopenic pur- 
pura who had a postoperative stay of 57 days. 


Table V. Characteristics of patients receiving a 
blood transfusion 


At time of transfusion 
Heart rate (beats/min, mean + SD) 100 + 20 
Heart rate >100 beats/min 40% 
Systolic blood pressure (mm Hg, 1212-23 
mean + SD) 
Systolic blood pressure <100 mm H 13% 


Diastolic blood pressure (mm Hg, 69 + 15 
mean + SD) 

Diastolic blood pressure <60 mm Hg 25% 

Units transfused* (mean + SD) 2.8 = 1.4 

Received >2 U packed red blood cells* 35% 


*Does not include one patient who received 21 U of packed 
red blood cells in association with treatment post partum for 
thrombotic thrombocytopenic purpura. 


then repeated with only those variables that might be 
useful predictors for the purpose of autologous do- 
nation. For this analysis, placenta previa was combined 
with other causes of antepartum bleeding. The pres- 
ence of a low preoperative hemoglobin and antepartum 
bleeding (from any cause) remained significantly as- 
sociated with the need for blood transfusion. 


Comment 


The frequency of blood transfusion in association 
with cesarean section in our population was 6.8%, 
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higher than some reports*® and similar to others.* This 
relatively high rate of transfusion was surprising, es- 
pecially given the fact that many obstetricians report 
decreasing their frequency of transfusion in the last 5 
years (unpublished data). The frequency of transfusion 
may be partially explained by two factors. First, in a 
large urban hospital training program the surgeons are 
less experienced than those in some other hospitals. 
More importantly, this hospital serves as a tertiary re- 
ferral center and treats a large proportion of indigent 
and high-risk patients. The decision to perform trans- 
fusion was made on a case-by-case basis by the physi- 
cians (faculty and senior house officers) caring for the 
patient. 

The factors associated with blood transfusion in this 
study are remarkably similar to those found by Klap- 
holz.* This includes the obstetric history, gestational 
age, birth weight, estimated blood loss, presence of an- 
tepartum bleeding, and abnormal placentation. After 
logistic regression analysis, however, many of these risk 
factors are eliminated. 

Predictably, patients who ultimately required blood 
transfusion were more likely to have had preoperative 
bleeding complications, and as a result their preoper- 
ative hemoglobin was significantly lower. An increased 
incidence of blood transfusion after cesarean section 
for vaginal bleeding was also noted by Hill and Lavin,*° 
who found no other associated risk factors. Rather than 
simply being a risk factor for transfusion, the presence 
of antepartum bleeding and a low preoperative he- 
moglobin may also lower the physician’s threshold for 
initiating transfusion. g 
_ Vertical uterine incisions, cesarean hysterectomy, and 
the use of general anesthesia, all of which have been 
associated with increased mtraoperative blood loss,” * 
were more common in the transfused group. Rather 
than causing increased blcod loss, these findings may 
instead reflect the emergent and complicated nature of 
many cesarean sections associated with excessive intra- 
partum bleeding. 

Of interest is the fact that the only antepartum com- 
plications that were significantly increased in the trans- 
fused group were third trimester bleeding and placenta 
previa. The ability to predict that these patients might 
need a blood transfusion at the time of cesareen section 
does not necessarily allow autologous transfusion be- 
cause patients with preexisting anemia and those at 
high risk for spontaneous hemorrhage are generally 
not acceptable candidates for autologous donation. 
Some authors, however, suggest that the diagnosis of 
placenta previa is an indication for autologous dona- 
tion.” Whether there may be a subgroup df asymp- 
tomatic patients with placenta previa who might benefit 
from autologous transfusion requires further study. No 
other factor, including previous cesarean section, was 
significantly more common in the transfused group. 
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We conclude that although red blood cell transfusion 
associated with cesarean section delivery is frequently 
performed, it is difficult to predict those patients who 
would most benefit from autologous donation. This is 
primarily due to inability to (1) predict which patients 
will require cesarean section delivery, (2) predict which 
cesarean section patients will require blood transfusion, 
and (3) safely perform autologous donation in those 
patients at highest risk. As a result, the role of autol- 
ogous donation and transfusion in the care of obstetric 
patients remains to be defined. 
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Discussion 


Dr. STEPHEN R. GOLDMAN, Atlanta, Georgia. Al- 
though many of the traditional risks of blood trans- 
fusion have been reduced by improved blood banking 
technology, a number of risks still remain. The recent 
introduction of testing for so-called hepatitis C may 
further decrease, but will not likely eliminate, the risk 
of posttransfusion hepatitis, which currently has been 


variously quoted between 1 and 100 and 1 in 300 for 


each unit transfused.: The risk for transfusion-ac- 
quired human immunodeficiency virus is much smaller 
than that for hepatitis, at 1 in 40,000 to 1 in 100,000, 
but mortality from the disease is presently considered 
100% and donor screening by demographic risk factors 
may become less efficient if, as currently suggested, 
human immunodeficiency virus infection continues to 
increase in the heterosexual, non-drug-abusing popu- 
lation. 
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Under the circumstances, the use of autologous 
blood in obstetric patients must be investigated. Dick- 
ason and Dinsmoor’s study has clearly shown the dif- 
ficulty we can face when we try to prospectively identify 
the population at risk for transfusion, for whom au- 
tologous donation might be desirable. In this study, 
6.8% of patients undergoing cesarean section required 
transfusion. By way of comparison and with due respect 
to obvious differences in respective settings, at Pied- 
mont Hospital in Atlanta where I practice, the inci- 
dence of transfusion for patients undergoing cesarean 
section was 1.45% from data accumulated between 
1984 and 1986 (personal communication). This almost 
fivefold difference raises some questions about trans- 
fusion practice in the current study. Did any of the 
patients receive autologous units? How many were sin- 
gle-unit transfusions? Were the cases of transfusion, in 
general, reviewed for appropriateness? If these factors 
were not analyzed, and had they been, it is possible that 
the results of the study would have been quite different. 

A number of other concerns about autologous trans- 
fusions need to be addressed, beginning with whether 
autologous donation in pregnancy is safe. On the basis 
of the studies cited in this article and on one other I 
was able to locate,” it would seem that it is safe. How- 
ever, the numbers of patients involved are relatively 
small, and all were confined to the latter portion of the 
third trimester. 

Can autologous donation be done without fetal mon- 
itoring? That situation might be necessary if it is to be 
a practical modality. There is one study by McVay et 
al.* that shows no increased untoward effects in such a 
group. 

In Dickason and Dinsmoor’s study, one risk group, 
those with low preoperative hemoglobin values, pre- 
sents a “catch 22” with respect to autologous donation. 
If the hemoglobin value is sufficiently low, the patient 
is not a candidate for donation, but if the value is mar- 
ginal, it may be rendered low by the act of donation. 
In McVay et al.’s study, transfusion incidence was 21% 
for women donating within 1 week of delivery versus 
9.4% for women donating earlier. 

If one excludes patients with acute third-trimester 
hemorrhage necessitating immediate cesarean section, 
the remaining patients at risk for bleeding, namely, 
those with placenta previa, may be well served by au- 
tologous donation, provided they are not having re- 
current episodes of bleeding resulting in marginal ane- 
mia contraindicating donation. However, the safety of 
multiple unit donations would need to be established. 

The article mentions vertical incision and cesarean 
hysterectomy as conditions significantly associated with 
transfusion. The occasional situation in which either 
circumstance might be known in advance could weil be 
indications for autologous donation. In the Piedmont 
Hospital series, 5% of patients undergoing cesarean 
section required vertical incision, whereas vertical in- 
cisions accounted for 10% of those transfused. 

Although not identified in the current study, one 
other group of patients who might also benefit from 
autologous donation are those individuals with multiple 
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red blood cell—associated atypical antibodies, for whom 
it would be highly difficult or impossible to find com- 
patible homologous blood, especially in an emergency. 

Finally, it should be duly noted that transfusion risks 
can also be prevented by transfusion avoidance. The 
1988 report from the National Institutes of Health, 
among others, points out current concepts of trans- 
fusion based on clinical assessment and relegates out- 
dated concepts of various ancillary benefits of trans- 
fusion to medical history. The role of ultrasonography 
in transfusion avoidance should also be explored. Pla- 
cental localization before planned cesarean section may 
well be desirable. Antepartum localization in patients 
with risk factors for. cesarean section or transfusion 
would be worth considering if studies are done that 
establish predictive criteria. Intrapartum localization 
scan just before cesarean section is an alternative to be 
considered, especially if predictive criteria turn out not 
to exist. However, the rationale for all or any of this 
probably depends, as much as anything else, on the 
overall incidence of indicated homologous transfusion 
in one’s institution or practice. 
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Dr. ROBERT B. HUNT, Boston, Massachusetts. I am 
amazed at the amount of blood that patients can lose 
at cesarean section. As was pointed out, there are prob- 
lems with autologous blood transfusions. First, a lot of 
the blood is not used; second, the patients who need it 
most usually cannot give it; third, it is often not possible 
to predict in advance who will lose a lot of blood. Might 
the solution lie with expanded use of the cell saver? We 
have used it quite effectively in our patients undergoing 
multiple myomectomy. 

Dr. WILLIAM MANN, Newport News, Virginia. When 
we look at ‘the factors associated with blood loss, it ap- 
pears that the two most likely to be controlled by the 
surgeon are the choice of anesthetic and the intra- 
operative blood loss, yet the choice of anesthetic is often 
dictated by the situation. I wonder then, because in- 
traoperative blood loss is the only parameter over which 
the surgeon has control, if the data might be affected 
by the use of the stapling device in making the uterine 
incision. The staple might be associated with a longer 
operating time; therefore I wonder if operating time 
affected blood loss. 

Dr. LESLIE W. BEADLING, Jacksonville, Florida. What 
were the criteria for blood transfusion? 

Dr. DINSMOOR (Closing). I agree that our transfusion 
rate was somewhat high. One of the reasons we did the 
study was to determine this. Patients being scheduled 
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for elective repeat cesarean often asked what their 


chance of receiving a transfusion might be and until. 


this time I had no numbers to give them. I think that 
there are two reasons for our relatively high transfus-on 
rate: (1) We have a large training program and there- 
fore we have some less experienced surgeons on some 
of the cases; (2) more important, we are a tertiary re- 
terral center and are referred a lot of patients who are 
extremely high risk and already having bleeding prob- 
lems. I would note that the study by Dr. Klapholz, who 
reported on 30,000 patients from the Beth Israel Kos- 
pital, cited a transfusion rate in the cesarean patients 
of 5.2%. 


We did not use any autologous units in this stud. It 


is not our routine to do so. We are thinking about 
studying this in our placenta previa patients. 

There was one single-unit transfusion in these 61 
patients. Yes, all of our transfusions are reviewed dy a 
blood utilization committee. 

I have been informallly observing our placenta previa 
patients to see how many might have been candidates 
for autologous transfusions. Many cases are diagnosed 
when the patients come in bleeding and are delivered 
that same day. In the three patients we have had in 
recent months who have had the diagnosis made an- 
tepartum, one was too anemic to donate, one was too 
late in her pregnancy to donate, and the third was too 
early in her pregnancy to donate. The last patient may 
be our first candidate in this group. 
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It is my understanding that the cell saver cannot be 
used in obstetric patients because the blood is going to 
be contaminated with amniotic fluid. To infuse blood 
that contains amniotic fluid runs the risk of amniotic 
fluid embolism—type complications. With regard to the 
choice of anesthesia, oftentimes the emergent nature 
of the cesarean section determines the choice of an- 
esthesia. I have a suspicion that our estimated intra- 
operative blood loss is biased in our patients who re- 
ceived transfusions. Many received intraoperative 
transfusions, and the amount of intraoperative blood 
loss and number of units of blood that the patient re- 
ceived intraoperatively might have had a significant in- 
fluence on the estimation of blood loss. 

We have used the stapling device for some cesarean 
sections, but I do not have any data on its use or on 
the operative times. We keep records of start time and 
finish time, but these data were not analyzed. 

We don’t have definitive criteria for blood transfu- 
sion. In the past 5 years our tendency to transfuse has 
decreased. In the early 1980s, anyone with a hematocrit 
<30% and certainly anyone with associated endome- 
tritis received transfusions. New our criteria are much 
more strict. A majority of these transfusions were done 
intraoperatively, when there was uterine atony and a 
great deal of blood loss. 


Amnioinfusion: An aid in the ultrasonographic evaluation of 


severe oligohydramnios in pregnancy 


Thomas A. Quetel, MD, Andres A. Mejides, MD, Fawwaz A. Salman, MD, and 
Mayra M. Torres-Rodriguez, BS, RDMS 


Miami, Florida 


OBJECTIVE: Amnioinfusion was used in pregnancy complicated by severe oligohydramnios to enable a 
more comprehensive ultrasonographic evaluation of the pregnancy. 

STUDY DESIGN: Thirteen patients were referred to the Division of Obstetrical and Gynecological 
Ultrasound at the University of Miami because of severe oligohydramnios in which a definitive diagnosis 
could not be made. Nine patients were in the second trimester and four were in the early third trimester. 
All patients underwent amnioinfusion with warm physiologic saline solution and instillation of indigo 
carmine. Genetic amniocentesis was performed in 11 patients. 

RESULTS: After amnioinfusion a satisfactory comprehensive ultrasonographic examination could be 
performed on all patients. In most cases we were able to achieve a definitive diagnosis. 

CONCLUSION: Amnioinfusion with the addition of indigo carmine was a satisfactory technique to enable a 
more comprehensive ultrasonographic evaluation of pregnancy complicated by severe oligohydramnios. 
(Am J OBSTET GYNECOL 1992;167:333-6.) 


Key words: Amnioinfusion, oligohydramnios, ultrasonography 


Pregnancy complicated by severe oligohydramnios 
presents very challenging diagnostic and management 
problems. The diagnostic considerations include pre- 
mature rupture of the membranes, genitourinary mal- 
formations, other major congenital anomalies, chro- 
mosomal abnormalities, intrauterine growth retarda- 
tion (IUGR), and fetal infections. Ordinarily, targeted 
high-resolution ultrasonography is very helpful in an- 
swering some of these diagnostic dilemmas, often in 
conjunction with amniocentesis or fetal blood sampling. 
In the presence of severe oligohydramnios these di- 
agnostic modalities are often inadequate or technically 
unable to be performed. In 1985 Romero et al.' re- 
ported both false-positive and false-negative diagnosis 
of renal agenesis in patients with severe oligohydram- 
nios. Wladimiroff* in 1975 reported on the adminis- 
tration of furosemide to mothers with oligohydram- 
nios. Fetal urine production was observed in those with 


functioning urinary systems. We have not found this 
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6/6/38051 Fig. 1. Preamnioinfusion sonogram of fetal head in case 13. 
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Fig. 2. Postamnioinfusion sonogram revealing occipital en- 
cephalocele of fetal head in case 13. 


technique to be helpful in our laboratory. Amnioin- 
fusion has been described and is being used in late 
pregnancy, in the intrapartum period, to prevent me- 
conium aspiration and to eliminate variable or pro- 
longed decelerations.”™? In 1988 Gembruch and 
Hansmann’ reported on artificial instillation of amni- 


otic fluid to enhance ultrasonographic identification of 


fetal anatomy in patients with oligohydramnios. In 
1989 Nicolini et al.” reported two cases of severe oli- 
gohydramnios in which fetal intraperitoneal infusion 
of normal saline solution was used to enhance ultra- 
sonographic evaluation. 

We present 13 cases of severe oligohydramnios in 
which intraamniotic amnioinfusion of normal saline so- 
lution was used to enhance the ultrasonographic eval- 
uation of pregnancy. 


Material and methods 

Thirteen patients were referred to our laboratory 
with the diagnosis of oligohydramnios so severe that a 
satisfactory ultrasonographic examination could not be 
performed. Nine patients were in the second trimester 
of pregnancy and four were in the third trimester. The 
gestational age ranged from 14 to 31 weeks. Four pa- 
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tients had elevated maternal serum a-fetoprotein. Two 
patients were diabetic. None had premature rupture 
of the membranes documented clinically with certainty. 

Because of the severity of the oligohydramnios and 
the inability to perform an adequate ultrasonographic 
evaluation, a diagnosis was not possible. The decision 
was made to perform an intraamniotic infusion with 
warm (0.9N) physiologic saline solution. Only those pa- 
tients in which the oligohydramnios was so severe as to 
make an adequate ultrasonographic examination im- 
possible were subjected to amnioinfusion. A 22-gauge 
spinal needle was placed in the amniotic sac under di- 
rect ultrasonographic guidance. At times an electronic 
biopsy guide was helpful in placing the needle in a very 
small pocket. The volume of saline solution infused 
ranged from 60 to 350 ml. The volume targeted for 
infusion was 200 ml. This varied, however, on the basis 
of the volume needed to enable an adequate ultra- 
sonographic examination. The saline solution was in- 
fused slowly over a 15- to 20-minute period in 20 ml 
aliquots with gentle pressure on a 20 ml syringe. To 
rule in or out premature rupture of the membranes, 
3 ml of indigo carmine was instilled, with the same 
needle, into the amniotic sac after completion of the 
saline infusion. Because of the association of chromo- 
somal abnormalities with severe oligohydramnios, ge- 
netic amniocentesis was performed in 11 of the 13 pa- 
tients. With the infusion needle still in the amniotic 
cavity, a small volume of fluid was aspirated and sent 


for chromosomal analysis. 


Results 

Thirteen patients with severe oligohydramnios in 
pregnancy underwent amnioinfusion because of our 
inability to perform a satisfactory ultrasonographic ex- 
amination and arrive at a diagnosis to explain the cause 
or association of the severe oligohydramnios. 

Upon infusion of saline solution and a reaccumula- 
tion of an amniotic fluid volume, there was a dramatic 
increase in fetal movement that was not present before 
the amnioinfusion. Preinfusion ultrasonography (Fig. 
1) failed to reveal a major malformation in the fetus of 
an insulin-dependent diabetic mother at 20 weeks’ ges- 
tation; the fetus had severe oligohydramnios. The mal- 
formation became very apparent (Fig. 2) after the in- 
fusion of 220 ml of saline solution. 

Of the 13 patients infused (Table I), adequate ultra- 
sonographic evaluation was possible in 12. One patient 
had gross vaginal leakage of fluid during the infusion, 
which obviated the amniotic accumulation. With the 
addition of indigo carmine we could make positive di- 
agnosis of premature rupture of membranes in six pa- 
tients and eliminate the diagnosis of it in the remaining 
seven patients. Intrauterine growth retardation of the 


symmetric type was diagnosed in four of the patients. 
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Table I. Postamnioinfusion ultrasonographic diagnosis and pregnancy outcome in 13 patients with 
severe oligohydramnios 






Pregnancy outcome 
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l 32 18 Premature rupture of mem- Induced abortion 
branes, choroid plexus cyst 
2 28 31 Renal agenesis Renal agenesis, pulmonary hypo- 
plasia 
3 32 21 Intrauterine growth retardation Delivered at 39 wk, 1640 gm; no 
anomalies; discharged home 
4 33 19 Premature rupture of mem- Induced abortion 
branes; no anomalies seen 
5 39 14 Renal agenesis, intrauterine Delivered at 39 wk; neonatal death 
growth retardation day 1, 1.4 kg; severe oligohy- 
dramnios and Potter’s facies; 
kidneys reported seen at autopsy 
6 29 15 Renal agenesis Chorioamnionitis; spontaneous 
abortion 
7 39 20 Premature rupture of mem- Chorioamnionitis; delivery at 26 
branes, no anomalies seen wk; discharged home 
8 26 23 Renal agenesis, intrauterine Stillborn at 38 wk; no autopsy 
growth retardation 
9 34 21 Premature rupture of mem- Chorioamnionitis; spontaneous 
branes, gross leakage abortion 21 wk 
10 29 29 Premature rupture of mem- Chorioamnionitis; delivery 34 wk; 
branes, no anomalies seen neonatal death day | 
1] 26 23 Premature rupture of mem- Chorioamnionitis; delivery 34 wk; 
branes, no anomalies seen discharged home 
12 35 20 Intrauterine growth retardation Delivered at 30 wk, 465 gm; dis- 
charged home 
13 23 20 Encephalocele, multicystic Induced abortion; Meckel-Gruber 








kidneys syndrome confirmed 
Table II. Ultrasonographic visualization and Table III. Summary of outcomes in 13 
diagnostic information after amnioinfusion in patients after amnioinfusion for 
13 patients with severe oligohydramnios severe oligohydramnios 
No % No %o 
Ultrasonographic Visualization Induced abortion 3 23.1 
Improved 12 92.3 Spontaneous abortion 2 15.4 
Not improved l 7.7 Chorioamnionitis 2 38.5 
Premature rupture of membranes Neonatal death 4 30.8 
Diagnosis confirmed 6 46.2 Discharged home 4 30.8 
Diagnosis excluded 7 53.8 Overall pregnancy loss 9 69.2 
Intrauterine Growth Retardation 4 30.7 
Fetal malformations 
Major 5 38.5 sol A 
Minor l 7.7 syndrome) was confirmed at postmortem examination, 
Karyotyping from aspirated fluid Chromosomal studies were attempted in 11 of the 13 
Serene! - eee patients. With postinfusion aspirated fluid, eight karyo- 
ty CO Te attempt l 7.7 types were obtained; two failed to grow, and one at- 
No attempt made 2 15.4 tempt was unsuccessful. Of the two patients who did 
Abnormal karyotype 0) 0 


not have attempts at karyotyping made, one had pre- 
mature rupture of membranes with gross leakage of 
fluid as the saline solution was infused and the second 


Five major congenital malformations were suspected. 
Of these, four were renal agenesis. One was confirmed 
by autopsy and two were suspected clinically but au- 
topsies were not performed. The fourth case had kid- 
neys demonstrated at postmortem examination, but 
there was severe oligohydramnios and the fetus was 
described as having Potter’s facies. One fetus with en- 
cephalocele and multicystic kidneys (Meckel-Gruber 


patient had a normal karyotype established by genetic 
amniocentesis performed earlier in the pregnancy for 
maternal age and elevated maternal serum a-fetopro- 
tein. No abnormal karyotypes were found in our pa- 
tients. These findings are summarized in Tables II 
and III. 

The overall pregnancy loss was 69.2% in this small 
group of patients with severe oligohydramnios. Cho- 


336 Quetel et al. 


rioamnionitis developed in five patients (38.5%). In two 
patients it developed within 3 days after amnioinfusion, 
and in three it developed more than 4 weeks after am- 
nioinfusion. Four patients with chorioamnionitis had 
premature rupture of membranes demonstrated by 
amnioinfusion and indigo carmine. In one patient with 
chorioamnionitis premature rupture of membranes 
could not be documented. 


Comment 


Amnioinfusion was demonstrated to be a technically 
simple method to enable a comprehensive ultrasono- 
graphic examination of the pregnant patient with se- 
vere oligohydramnios. By the addition of indigo car- 
mine the diagnosis of premature rupture of mem- 
branes could generally be made accurately and quickly 
by the demonstration of the passage of blue dye. It was 
also shown that a karyotype could be obtained in a 
majority of these patients by culturing the aspirated 
fluid. The incidences of chorioamnionitis and preg- 
nancy loss were high in this group as could be expected 
in cases of severe oligohydramnios, most occurring in 
the second trimester of pregnancy. 
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Editors’ note: This manuscript was revised after these 
discussions were presented. 


Discussion 


Dr. EDGAR O. HorGER III, Columbia, South Caro- 
lina. I have had experience with 11 early second-trimes- 
ter amnioinfusions, each of which was performed for 
the strong suspicion of a fetal renal abnormality. Un- 
fortunately, in two of the 11 cases we had rupture of 
the membranes very shortly after the amnioinfusion. I 
assume that we put in too much fluid and built up too 
much intraamniotic pressure. In your study you set out 
to give 200 ml of fluid but stopped short, giving any- 
where between 60 and 350 ml. Did you make any effort 
to measure intraamniotic pressure along the way? Does 
this relate to the possibility of rupture of membranes? 
Did any of your cases have rupture of membranes 
shortly after you did the amnioinfusion? 

Dr. QUETEL. First, we did not measure the pressure 
either before or after the amnioinfusion. It appears that 
would be something that would not be very difficult to 
do. Second, we had six patients with premature rupture 
of membranes. Attempts had been made before the 
patients being referred to us to try to establish this 
diagnosis clinically, and it could not be done. With the 
indigo carmine, one patient, while still on the exam- 
ining table, had gross leakage of blue fluid into the 
vagina during the amnioinfusion. Another had the blue 
dye passed during the first hour after the procedure. 
It is difficult to say whether we caused the premature 
rupture of membranes, but we know in our cases of 
premature rupture of membranes there were no other 
associated conditions to explain the oligohydramnios. 

Dr. MARA J. DINSMOOR, Richmond, Virginia. I was 
curious about the five patients with chorioamnionitis. 
Did these patients already have ruptured membranes 
or did they develop chorioamnionitis after the am- 
nioinfusion? 

Dr. QUETEL. This has been reported previously by 
another author. We found that in the six cases of cho- 
rioamnionitis five had premature rupture of the mem- 
branes and one did not. 


Long-term outcome in fetal hydrops from parvovirus 


B19 infection 


Asad U. Sheikh, MD, Joseph M. Ernest, MD, and Michael O’Shea, MD 
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Parvovirus B19 infection in the fetus is associated with anemia and hydrops and can result in fetal death. 
Fetal transfusion has been used in an attempt to improve outcome; however, it is associated with its own 
perinatal morbidity. We report two cases of fetal parvovirus B19 infection that were confirmed by 
polymerase chain reaction for parvovirus B19 deoxyribonucleic acid in umbilical cord blood. 
Ultrasonographic signs of compromise were observed at 30 and 24 weeks of gestation. Both fetuses were 
hydropic and one fetus was also anemic. Serial sonograms demonstrated that the hydrops resolved 
spontaneously over 3 to 5 weeks after diagnosis. One infant was delivered at 32 weeks of gestation as a 
result of idiopathic preterm labor. The other infant was delivered at term. Both infants appeared relatively 
normal at birth and have developed normally in the first year of life. Thus fetal hydrops in association with 
parvovirus B19 infection does not always lead to poor long-term outcome. A conservative approach 
without in utero therapy may be appropriate for the management of some of these fetuses. (Am J OBSTET 


GYNECOL 1992:;167:337-41.) 
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Human parvovirus B19 was identified in 1975' and 
has been associated with in utero fetal death since 
1984.* Maternal symptoms are variable and do not cor- 
relate consistently with the presence or severity of fetal 
infection. Pregnancies at any gestational age can be 
affected. Infection may have no effect on the fetus or 
can result in aplastic anemia, nonimmunologic hy- 
drops, and increased perinatal mortality.*” 

Because fetal parvovirus B19 infection can have a 
variety of outcomes, agreement is lacking on the man- 
agement. Fetal hydrops is frequently associated with 
poor prognosis,° prompting attempts at invasive in 
utero treatment that may be appropriate but is not 
without risks. We will present two cases of in utero 
parvovirus B19 infection with hydrops resolving with- 
out therapeutic intervention. 


Case reports 


Case 1. A 26-year-old white woman, gravida 2, para 
0, aborta 1, was referred at 30 weeks of gestation for 
fetal hydrops. Her prenatal course had been uncom- 
plicated until the most recent examination revealed that 
the fundal height exceeded that expected for gesta- 
tional age. She denied any rash or arthralgia but com- 
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plained of a flulike illness 3 weeks before her office 
visit. 

Ultrasonographic evaluation revealed ascites, peri- 
cardial effusion, abdominal wall edema, bilateral hy- 
droceles, and severe polyhydramnios (Fig. 1). Gesta- 
tional age by biparietal diameter and femur length was 
consistent with 30 weeks. No congenital anomalies were 
identified. The mother was blood type A-positive and 
had a negative indirect Coombs screen. Acute and con- 
valescent maternal tests for toxoplasmosis, rubella, cy- 
tomegalovirus, and herpes (TORCH) titers showed no 
evidence of a recent infection. There was no evidence 
of fetomaternal transfusion by the Kleihauer-Betke 
test. Maternal serum was immunoglobulin (Ig) G pos- 
itive and IgM negative to parvovirus B19 by enzyme 
immunoassay. A diagnostic cordocentesis was per- 
formed. The fetal complete blood cell count revealed 
hemoglobin of 14.3 gm/dl, white blood cells 2.3 x 
10°/L, platelets 288 x 10°/L, nucleated red blood cells 
8/100 white blood cells, lactate dehydrogenase 179 
U/L, aspartate transaminase 19 U/L, alanine amino- 
transferase 3 U/L, y-glutamyl transferase 1889 U/L, 
total protein 3.5 gm/dl, and albumin 2.2 gm/dl. The 
karyotype was 46,XY. Fetal serum was IgG positive but 
IgM equivocal to parvovirus B19. Deoxyribonucleic 
acid (DNA) of parvovirus B19 was detected in the se- 
rum by polymerase chain reaction determined by the 
Centers for Disease Control; however, the results were 
not available until 8 weeks after the procedure. Am- 
niotic fluid was IgG positive but IgM negative to par- 
vovirus B19 by enzyme immunoassay. The patient was 
advised that the prognosis was guarded. Although no 
specific therapy could be recommended, we suggested 
that she record daily fetal movement, have twice weekly 
nonstress fetal heart rate testing, and weekly ultrasono- 
graphic evaluations to monitor fetal status. 
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Fig. 1. Severe fetal ascites with bowel, liver, and umbilical vein 
readily apparent. 


The ascites began decreasing by 34 weeks of gesta- 
tion. By 36 weeks the hydrops had resolved and the 
amniotic fluid appeared only mildly increased. The am- 
niotic fluid index was normal by 38 weeks. 

Labor was induced at 41⁄2 weeks of gestation. The 
patient required a cesarean section for transverse arrest 
in the second stage of labor. A 3550 gm male with 
Apgar scores of 8 and 9 at | and 5 minutes, respectively, 
and a flaccid abdominal wall was delivered. No organ- 
omegaly was demonstrated by radiography or ultra- 
sonography. At birth, the hemoglobin was 16.3 gm/dl, 
white blood cell count 13.5 x 10°/L, platelets 
332 x 10°/L, nucleated red blood cells 1/100 white 
blood cell count, total protein 6.4 gm/dl, albumin 3.6 
gm/dl, and y-glutamyl transferase 270 U/L. 

At 3 months of age the infant was meeting appro- 
priate developmental milestones, However, he was 
noted to have poor abdominal muscle tone, and both 
the liver and spleen were felt to be palpable 2 to 3 cm 
below the costal margin. An ultrasonographic exami- 
nation did not demonstrate any significant organo- 
megaly. At 9 months of age the baby appears to be 
normal. 

Case 2. A 28-year-old white woman, gravida 4, para 
2, abortus 1, was referred at 24 weeks of gestation for 
fetal hydrops. At 17 weeks of gestation the patient de- 
veloped a nonpruritic macular rash that began on the 
trunk and spread to the face and extremities. The rash 
resolved spontaneously after 5 to 7 days and was fol- 
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lowed by symmetric arthralgia involving feet, hands, 
and knees. The arthralgia also resolved spontaneously. 
Maternal IgG and IgM for parvovirus B19 obtained 
during this period were positive. Maternal blood type 
was O positive and indirect Coombs screen was nega- 
tive. The maternal serum a-fetoprotein level (AFP) at 
16 weeks of gestation was normal. 

At 24 weeks an ultrasonographic examination was 
performed because the fundal height was larger than 
expected. The fetus had abdominal ascites, pericardial 
effusion, severe polyhydramnios, and an edematous 
placenta. Biparietal diameter and femur length were 
consistent with 23 weeks of gestation. Acute and con- 
valescent TORCH titers first drawn at 23 weeks of ges- 
tation did not indicate an acute infection, nor was there 
evidence of fetomaternal transfusion by the Kleihauer- 
Betke test. 

One week later the sonogram demonstrated a slight 
improvement of the ascites and polyhydramnios. ‘The 
pericardial effusion was unchanged, but cardiac con- 
tractility appeared normal. Cordocentesis was per- 
formed with the intention of transfusing the fetus if it 
was severely anemic. Amniotic fluid (AFP) was normal 
(3.33 pg/ml). The karyotype was 46,XX. The fetal he- 
moglobin was 11.7 gm/dl, and white blood cells 
2.6 x 10°/L. Fetal serum was IgG positive but IgM 
equivocal to parvovirus B19 by enzyme immunoassay. 
The polymerase chain reaction was subsequently re- 
ported to be positive for parvovirus B19 DNA in the 
fetal serum. The patient was counseled that the prog- 
nosis was poor for hydrops fetalis resulting from a par- 
vovirus B19 infection. She was offered weekly sono- 
grams in addition to recording daily fetal movement. 

By 26 weeks the ascites and polyhydramnios had re- 
solved. The pericardial effusion was undetectable in all 
subsequent examinations. 

The patient went into spontaneous premature labor 
at 32 weeks of gestation. A 1495 gm female was deliv- 
ered with Apgar scores of 9 and 9 at 1 and 5 minutes, 
respectively. Neonatal hemoglobin was 19.8 gm/dl, 
platelets 119 x 10°/L, white blood cells 6.6 x 10°/L, 
and nucleated red blood cells 1/100 white blood cells. 
Parvovirus B19 DNA was not detected in the neonate’s 
serum obtained shortly after birth. The infant had mild 
respiratory distress syndrome, but the physical exam- 
ination was otherwise normal. The infant was dis- 
charged 38 days after birth. Placental histologic studies 
showed no significant infectious changes. 

At 18 months of age the child had normal abdominal 
tone and was meeting the appropriate developmental 
milestones. 


Comment 


In these two cases of severe hydrops fetalis resulting 
from fetal parvovirus B19 infection, the fetal manifes- 
tations of infection spontaneously resolved within 5 
weeks of diagnosis. This observation suggests an alter- 
nate course of management instead of previously de- 
scribed recommendations of in utero fetal therapy. 
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Fig. 2. Flow chart. 


Approximately 35% to 50% of the general popula- 
tion is susceptible to parvovirus B19 infection; 20% of 
this group will become infected after exposure.’ The 
risk for infection is highest among household contacts 
and in working conditions involving close contact, such 
as in schools.* The Centers for Disease Control have 
estimated that the risk of fetal death from infection on 


the basis of the risk for maternal infection and the 
transmission rate to the fetus ranges from <1% to 
15% 

Parvovirus B19 infection, or Fifth disease, should be 
suspected if there has been a local outbreak or if the 
mother has symmetric polyarthralgia or a maculopap- 
ular rash. In children, however, the “slapped cheek” 
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rash is a more common presentation. Ultrasonographic 
signs of fetal infection include ascites, effusions, skin 
edema, polyhydramnios, cardiomegaly, placentome- 
galy, and decreased fetal movement.’ Unexplained el- 
evated maternal serum AFP" may also indicate infec- 
tion. The fetus may be anemic cr pancytopenic, which 
can be confirmed by cordocentesis. Diagnosis is con- 
firmed by counterimmunoelectrophoresis or radioim- 
munoassay for IgM to parvovirus B19 in the maternal 
serum. Electron microscopy of blood or tissue is useful 
only when viral particles are seen. DNA tests for par- 
vovirus B19 have become available and are highly sen- 
sitive. However, they are only positive in blood durmg 
viremia or if the tissue is currently infected." ” 

There are several mechanisms by which the pathc- 
logic changes associated with infection occur. Fetal ane- 
mia results from arrest of red blood cell maturation” 
and karyorrhexis of red blood cells. Infection of the 
myocardium may result in direct impairment of cardzac 
function.’ © Hepatic function may also be impaired 
directly by infection or by hemosiderin deposition in 
the hepatocytes and Kupffer cells, which results in re- 
crosis and fibrosis.'” ° 

Although hydrops is frequently associated with poor 
prognosis, attempts have been made to use materral 
serum AFP or cardiac size to predict outcome. Materral 
serum AFP increases 4 weeks before ultrasonograph- 
ically detectable signs and 6 weeks before fetal death 
in infected pregnancies. Normal values for maternal 
serum AFP have been determined through 36 weeks 
of gestation.’ Elevation of maternal serum AFP may 
be the result of hepatic or placental damage. In hy- 
dropic fetuses an increased cardiac biventricular outer 
diameter >95th percentile is predictive of perinatal 
death.” | 

Past treatments have included in utero fetal trans- 
fusion,” direct fetal digitalization,” and serial thora- 
centesis or paracentesis.” These have been combined 
with frequent reevaluation by u-trasonography, fetal 
nonstress tests, or fetal movement records.” * > An 
alternate approach is outlined in Fig. 2. If infection is 
suspected, specimens for maternal IgM and IgG titers 
are drawn immediately and measurements are re- 
peated in 4 weeks. Patients with evidence of previous 
exposure and no acute rise in IgG require no further 
evaluation for parvovirus B19 infection. Other causes 
of hydramnios or hydrops should be sought in those 
pregnancies where parvovirus B19 infection is not 
identified. Serial evaluation including weekly maternal 
serum AFP and sonogram screening should be offered 
to patients with acute infection as diagnosed by the 
presence of IgM, IgM, and IgG, DNA, or an acute rise 
in IgG to parvovirus B19. This weekly screening should 
be performed for up to 14 weeks after the diagnosis 
of infection is confirmed.” '5 
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In the presence of hydrops at or beyond 20 weeks 
of gestation, diagnostic cordocentesis is recommended. 
The testing should include karyotype, hemoglobin, 
platelet count, and white blood cell count in addition 
to DNA, IgG, and IgM for parvovirus B19. A conser- 
vative approach combining twice weekly fetal nonstress 
tests, serial sonograms, and recording of fetal move- 
ment may be used after 28 weeks. Biophysical profiles 
may not be helpful because anemic fetuses may still 
have adequate breathing, movement, and tone. Deliv- 
ery should be considered when the fetus is at or beyond 
32 weeks of gestation in cases where hydrops is in- 
creasing, arrhythmias are present, or fetal heart rate 
patterns show no variability or late decelerations. If 
severe prematurity precludes delivery, cordocentesis 
for reevaluation of hemoglobin should be performed. 
If the fetus is severely anemic (for example hemoglobin 
<5 gm/dl), packed red blood cells may be transfused. 

A conservative approach without in utero treatment 
is reasonable in lighi of several reports that have shown 
recovery of fetal red cell production.* * One of our 
patients had normal hemoglobin and the other was 
mildly anemic. This is consistent with the recovery 
phase of parvovirus B19 infection. Spontaneous reso- 
lution of fetal parvovirus B19 infection may occur more 
frequently than previously suspected. Two previous 
case reports document parvovirus B19 infection with 
hydrops fetalis and subsequent spontaneous resolu- 
tion. 5 On the basis of these cases, the short-term 
prognosis of in utero parvovirus 319 infection resulting 
in hydrops fetalis may be favorable. Further, the two 
cases described here suggest that the long-term prog- 
nosis after resolution of hydrops is good. Conservative 
management without in utero fetal therapy is reason- 
able in selected cases. 
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Editors’ note: This manuscript was revised after these 
discussions were presented. 


Discussion 


Dr. EpGar O. HorGeEr III, Columbia, South Caro- 
lina. Dr. Sheikh, I feel that you and your coauthors 
showed remarkable restraint in the conservative man- 
agement of the first case with hydrops at 30 weeks’ 
gestation. | probably would have pushed for delivery, 
and retrospectively I think that I would have been mak- 
ing a mistake. Let me ask you a question that seems 
obvious: Can I get parvovirus from my dog? 

Dr. ASAD U. SHEIKH (Closing). Canine parvovirus 
infection is frequently fatal. However, this organism is 
not transmitted to humans and does not appear to cause 
infections in humans. 


Experience with mepivacaine paracervical block in an obstetric 


private practice 


J. Robert Goins, MD 
Hickory, North Carolina 


OBJECTIVE: The objective of this study was to determine the efficacy and safety of mepivacaine 


paracervical block in term, low-risk obstetric patients. 


STUDY DESIGN: Over a 3-year period all term, low-risk obstetric patients in the author’s private practice 
were Offered mepivacaine paracervical block anesthesia. Cne hundred eighty-two patients received 200 
mg mepivacaine with each block. The patients who declined paracervical block were used as a control 


group to compare Apgar scores, subject to x” analysis. 


RESULTS: Initial injections were 97.3% successful. Average duration of anesthesia was 59.7 minutes with 
the first injection. Fetal bradycardia occurred in 13.2% with an average duration of 4.5 minutes. The 
slightly higher incidence of low Apgar scores at 1 and 5 minutes in the study group was not statistically 
significant. One neonatal death occurred secondary to group B streptococcal sepsis in the study group. 
CONCLUSION: Mepivacaine paracervical block remains an anesthetic option in low-risk patients. The high 
success rate is limited by its short duration of action and the incidence of fetal bradycardia. (AM J OssTe- 


GYNECOL 1992;167:342-5.} 
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Paracervical block for obstetric anesthesia was initi- 
ated in Germany in the 1920s and became popular in 
the United States in the mid-1950s.' Even with the fre- 
quent occurrence of fetal bradycardia, paracervizal 
block was presumed safe until serious maternal and 
fetal complications were reported in the 1960s. Peri- 
natal deaths were described in both complicated and 
low-risk labors.* Since then paracervical block has de- 
creased in popularity, and tts use is limited to preg- 
nancies with low risk of underlying fetal compromise. 
With the current use of electronic fetal monitoring 
some of the complications reported 30 years ago might 
be avoided. 

The author is a member of an obstetrics-gynecolozy 
group practice that offers paracervical block as one of 
the anesthesia techniques available to laboring patients. 
It is discussed with the patient by the physicians and 
by nurse-instructors during childbirth preparation 
classes. The results of a 3-year experience are pre- 
sented. 


Material and methods 


The patients included in this study are all the patients 
managed by the author between Jan. 1, 1988, and Dec. 
31, 1990, who requested and received mepivacaine par- 
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Table I. Characteristics of 182 patients 


* receiving paracervical block 


No. of 
Characteristic patients 
37 to 42 Weeks’ gestation 182 
Normal fetal heart tracing before 182 
block 
Light meconium ll 
Gestational diabetes 2 
Vaginal birth after previous cesarean 2 
section 
No prenatal care ] 
Premature rupture of membranes <24 l 
hr 
Von Willebrand’s disease 1 
Congenital absence of right pulmonary 1 


artery (asymptomatic) 


acervical block during labor. During this period 197 
patients received paracervical blocks; however, lido- 
caine was used in 15 patients. Therefore 182 patients 
are reported in this series. The characteristics of this 
group are recorded in Table I. Any patient who was 
preterm, after 42 weeks, hyper-ensive, demonstrating 
an abnormal fetal heart tone tracing, or exhibiting thick 
meconium-stained amniotic fluid was not given para- 
cervical block. Patients with light mecontum-stained 
fluid were allowed to receive paracervical blocks. A con- 
trol group of the remainder of the patients delivered 
by the author during this 3-year period was used to 
compare the incidence of low Apgar scores. This con- 
trol group consisted of 343 patients with characteristics 
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Table II. Efficiency and duration of 
mepivacaine paracervical block 












Success rate Average 
Paracervical duration 





1 177/182 97.3 59.7 
2 65/69 94.2 52.1 
3 12/12 100 46.7 


similar to the study group, but the controls underwent 
anesthetic techniques other than paracervical block. 
The method of injecting the paracervical block in- 
volved the use of a disposable paracervical-pudendal 
block tray that does not allow the needletip more than 
5 mm beyond the guide. The patient was placed in 
lithotomy position. After the vulvar area was washed 
with a chlorhexidine solution, the guide was placed in 


one of the lateral fornices of the vagina, aimed toward. 


the pelvic sidewall and away from the fetal head. The 
needle was inserted through the guide to a depth of 
=5mm. After aspiration to rule out intravenous injec- 
tion, 10 ml of 1% mepivacaine was injected with aspi- 
ration after every 2 to 3 ml. A similar injection was then 
performed in the other lateral vaginal fornix with no 
delay other than the time required to resposition the 
guide and the needle. The patient received a total of 
200 mg mepivacaine with each paracervical block. 


Results 


The anesthetic efficiency of mepivacaine paracervical 
block in these 182 patients is summarized in Table II. 
Successful anesthesia was judged only by the patient, 
so a successful block was noted if the patient stated that 
she had experienced pain relief. The efficiency of re- 
peat injections is also reported in Table II. Sixty-nine 
patients required a second block, and 12 needed a third 
after the anesthetic effects of earlier injections faded. 

The duration of initial and repeat paracervical blocks 
is also recorded in Table II. Only successful blocks were 
used to determine average duration. The range of du- 
ration was 14 to 120 minutes. Duration of <30 minutes 
was always associated with delivery within 35 minutes 
of injection. As shown in Table II, duration of effect 
decreases with subsequent blocks. 

Maternal side effects in this group are infrequent. 
Transient tinnitus or oral paresthesias occurred in only 
four patients (2.2%). There were no seizures, signifi- 
cant blood pressure changes, or hematomas in these 
patients. 

Fetal bradycardia was the most common side effect. 
It was defined as a fetal heart rate drop below 100 
beats/min (or 40 beats/min below previous baseline) 
lasting more than 30 seconds and occurring within 45 
minutes of paracervical block. Early decelerations as- 
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Table ITI. Bradycardia with mepivacaine 
paracervical block in 182 patients 














Average injection- 
bradycardia interval 
(man) 


Average 
duration 
(min) 





Incidence 





94/182 (13.2%) 7.9 4.5 


Table IV. Incidence of Apgar scores <7 


I min Apgar 5 min Apgar 
Group score <7 score <7 


19/182 (10.4%) 
24/343 (7.0%) 


4/182 (2.2%) 
4/343 (1.2%) 


Paracervical block 
Control 


Data were evaluated by x? statistical analysis. Differences in 
l-minute Apgar scores between the paracervical block group 
and control group (x° = 1.87) and differences in 5-minute 
Apgar scores between the groups (x? = 0.84) were not statis- 
tically significant. 


sociated with pushing were not included. Incidence, 
injection to bradycardia interval, and duration of 
bradycardia are reported in Table III. Management of 
this complication included increasing maternal intra- 
venous fluid infusion, maternal oxygen therapy by 
mask, and maternal positioning on the left side. All 


_ episodes of bradycardia responded without any further 


intervention. The range of duration of fetal bradycar- 
dia was | to 8 minutes. 

A comparison of low Apgar scores (<7) between the 
paracervical block group and the control group is pre- 
sented in Table IV. There is a higher incidence of low 
Apgar scores at 1 and 5 minutes in the paracervical 
block group, but the differences are small. Of the 19 
study patients with ]-minute Apgar scores <7, seven 
were associated with shoulder dystocia, five had ex- 
perienced fetal bradycardia, three had meconium, two 
had a tight nuchal cord, and one had group B strep- 
tococcal infection. Of the four babies with 5-minute 
Apgar scores <7, two were associated with shoulder 
dystocia, one with tight nuchal cord, one with light 
meconium, and none had fetal bradycardia from par- 
acervical block. 

There was one neonatal death in the paracervical 
block group, but this was an effect of group B strep- 
tococcal infection rather than an anesthetic complica- 
tion. The patient was a 34-year-old woman, gravida 6, 
para 2-0-3-2, with a benign prenatal course. At 37 weeks 
she was in labor, and the cervix was 3 cm dilated and 
80% effaced with the vertex at —2 station and with 
intact membranes. Amniotomy was performed, and 
clear fluid was noted. She received 50 mg meperidine 
hydrochloride intravenously, and 2 hours later, at 7 cm 
dilatation, she requested paracervical block. Relief was 
obtained for 68 minutes; at 75 minutes after the first 
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paracervical block a second injection was performed at 
8 cm dilatation. Outlet vacuum extraction delivery of 
a 2750 gm male infant occurred 3] minutes after the 
second block. There was no fetal bradycardia, maternal 
fever, or meconium. Apgar scores were 6 at 1 minute 
and 7 at 5 minutes. The baby was transported from the 
birthing room to the nursery with oxygen. The initial 
working diagnosis was transient tachypnea versus sep- 
sis. Sepsis evaluation was performed and chest radi- 
ography showed pneumonia. In spite of aggressive an- 
tibiotic, respiratory, and fluid management, the con- 
dition of the infant deteriorated and he died 14 hours 
after birth. Blood cultures grew zroup B streptococci. 


Comment 


‘The success rate for mepivacaine paracervical block 
in this group of 182 patients was excellent. However, 
duration of action of only 1 hour with the first block 
and even less with subsequent injections requires fre- 
quent repeat procedures. This exposes the patient to 
higher total doses of local anesthetics with greater po- 
tential for toxicity. The 13.2% incidence of bradycardia 
was comparable to earlier studies. The occurrence of 
lower Apgar scores was also slightly higher in the per- 
acervical group. These findings reinforce the prudenze 
of using this anesthetic technique in low-risk patierts 
only. Perhaps the ideal patient is one who is multira- 
rous, at term with no evidence of fetal compromise, 
and experiencing a rapid labor. 

The worst fetal outcome during this 3-year experi- 
ence was a neonatal death associated with group B 
streptococcal infection. This outcome was unrelated to 
the patient’s paracervical block. 
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Editors’ note: This manuscript was revised after these 
discussions were presented. 


Discussion 


Dr. ALLAN G. McLeon, Miami, Florida. In 1992 a 
report of 182 patients receiving mepivacaine paracer- 
vical block for labor analgesia is unusual and of special 
interest to me in that I have used the technique exten- 
sively in the past. In the late 1960s and 1970s, as stated 
by Dr. Goins, the technique engendered a reputation 
for serious complications, resulting in diminished pcp- 
ularity of the technique, especially in the hostile med- 
icolegal climate. Second, its duration of action was rel- 
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atively short, and obstetric anesthesiology services, 
including epidural anesthesia, were becoming increas- 
ingly available to obstetricians as the subspecialty of 
obstetric anesthesiology began to gain a foothold. 

Patients in this study were carefully selected to ex- 
clude parturients at increased risk. 

The paracervical block technique was carefully de- 
scribed by Dr. Goins correctly emphasizing preinjection 
aspiration, depth of penetration. and correct position- 
ing of the needle to avoid intravascular injection or 
injection directly into the fetal scalp. These are impor- 
tant factors in reducing the complication rate. Person- 
ally, I tended to delay the injection in to the second 
fornix for a brief interval while monitoring the fetus; 
this appeared to minimize the incidence of bradycardia. 
In more advanced labor, placing the examining fingers 
between the fetal head and the needle insertion point 
in the fornix is an extra safeguard. I commend Dr. 
Goins also for the careful vulvar cleansing performed 
before the injection but had some concern regarding 
use of the lithotomy position for any prolonged period. 

An Apgar score <7 at 5 minutes did not appear to 
be a complication of the block itself in Dr. Goins’ study. 
The only death in the series was related to a B-strep- 
tococcal infection. 

Dr. Goins, while reporting a high success rate, em- 
phasizes such drawbacks as short duration of action and 
the need for repeat injection with resultant exposure 
to higher total doses of local anesthetic agents. I concur 
with his statement that the normal multiparous woman 
requiring analgesia is probably the ideal candidate for 
this technique. It would have been interesting to learn 
the extent of the discussion of the technique with cou- 
ples at the childbirth preparation classes. 

Fetal bradycardia occurred in 13.2% of cases in this 
series, which is less than the 25% to 35% reported by 
others. This may well be attributable to the careful tech- 
nique of Dr. Goins. The injection-to-bradycardia inter- 
val averaged 7.9 minutes with an average duration of 
4.5 minutes, Shnider et al.’ noted an onset within 2 to 
1G minutes and a duration of 3 to 30 minutes and 
emphasized that whereas the cause of the bradycardia 
was controversial its significance was not. Increased 
neonatal morbidity and >50 cases of perinatal death 
associated with paracervical block have been reported 
in the American and European literature. Shnider et 
al. emphasized that paracervical block should not be 
used in situations where the fetus is potentially or ac- 
tually compromised. 

Dr. Goins injected 10 ml mepivacaine on each side. 
I found it possible to obtain a satisfactory block with 5 
to 7 ml on each side. In addition to the safeguards 
already mentioned, the drug desage should be kept to 
a minimum. 

Bupivacaine should not be used for paracervical 
block. Freeman and Arnold’ suggested that chloropro- 
caine should be used rather than mepivacaine or li- 
docaine if more than one dose was likely to be required. 

Dr. Goins has demonstrated that paracervical block 
can be used safely in an obstetric practice; however, use 
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of the technique demands that the user and the par- 
turient are fully aware of the hazards associated with 
its use and the steps necessary to minimize their oc- 
currence. | 

Most obstetric services have discontinued the use of 
paracervical block in favor of epidural anesthesia or 
other forms of analgesia, and use of the technique tends 
to be limited to these units with minimal obstetric anes- 
thesiology services or small community hospitals. 

I should like to congratulate Dr. Goins on his study 
and caution him to be ever vigilant in his selection of 
patients and in applying the appropriate safeguards in 
the use of the technique and, finally, to recognize clearly 
that he is “swimming against the tide” in the unfortun- 
ate event that he should experience a serious compli- 
cation in the future. 
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Dr. Gorns (Closing). As far as counseling patients is 
concerned, I explained how I perform the technique 
and that our incidence of bradycardia is about 15%. 
The patients are also told that should bradycardia oc- 
cur, they will be placed on a side and given oxygen. 
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They understand that in the past the bradycardia has 
responded to this. It is important that they know ahead 
of time about the possibility of bradycardia, because 
they are very aware of changes in the monitor, almost 
staring at the monitor like children in front of a tele- 
vision. The dosage that I currently use is based on past 
experience. Lower dosages failed to give an anesthetic 
effect of sufficient duration. The use of paracervical 
anesthesia is limited to low-risk patients. 

I appreciate the discussion of the cause of the brady- 
cardia that is associated with paracervical block, which 
I did not touch on in my article. 

Dr. Hopwood’s article is one that I reviewed. In the 
group of patients with 5-minute Apgar scores <7 none 
of the patients experienced fetal bradycardia. Of the 
19 patients who had l-minute Apgar scores <7, five 
experienced fetal bradycardia. I do not have it broken 
down as to the time between injection of the local an- 
esthetic and delivery. Among the patients with low Ap- 
gar scores who were delivered within 30 minutes of the 
block, there was only one baby with a low Apgar score. 
That baby who subsequently had group B streptococci 
had a l-minute Apgar score of 6 and a 5-minute Apgar 
score of 7. 

With regard to the question about scalp pH and cord 
gas studies, I did not determine scalp pH in any of the 
patients with fetal bradycardia, and no cord gas studies 
were done on either the study patients or the control 
patients. 
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Refining the biophysical profile with a risk-related evaluation 


of test performance 


Lawrence D. Devoe, MD, Alaaeldin A. Youssef, MD, Paula Gardner, RN, 


Cheryl Dear, RN, BSN, and Cheri Murray, RN 
Augusta, Georgia 


OBJECTIVE: Our objective was to determine the ability of biophysical profile variables to predict bad 


perinatal outcome in high-risk third-trimester pregnancy. 


STUDY DESIGN: The outcomes of 1146 fetuses were correlated with abnormal single or multiple 
variables occurring in biophysical provile done within 72 hours of delivery. Theoretic risks of poor outcomes 
for different combinations of abnormal variables, calculated with Shortliffe’s formula, were compared with 


the actual risks observed (x? tests). 


RESULTS: Two hundred forty-six fetuses had at least one abnormal biophysical profile variable with the 
risk of bad outcome, fora single abnormal variable, ranging from 8% (body movements) to 100% (tore) 
and increasing irom 14% (any variable abnormal) to 63% (all variables abnormal). In most (57%) observed 
combinations of biophysical profile variables, significant difserences between theoretic and actual risks of 
bad outcomes were found. By stepwise logistic regression the best predictive model contained all variables 


except fetal movement. 


CONCLUSIONS: Dynamic biophysical profile variables appear to be interdependent. Not all combinations 
of abnormal variables occur and specific combinations improve prediction of poor outcome. Risk-related 
scales for biophysical profile outcom2s might prove superior to more conventional scoring systems. (Am J 


Osstet Gynecc. 1992;167:346-52,) 


a 


Key words: High-risk pregnancy, biophysical testirg, fetal heart rate, fetal movement, fetal 


breathing, amniotic fluid volume 


The fetal biophysical profile has become an increas- 
ingly popular test over the past decade.’* The bio- 
physical profile combines variables reflecting fetal sta- 
tus, e.g., baseline heart rate, breathing movements, and 
body movements, with those more suggestive of chronic 
status, e.g., amniotic fluid volume and neurologic tone. 
This testing approach assumes that the consideracion 
of multiple variables improves diagnostic accuracy and 
provides a more comprehensive evaluation of fetal con- 
dition. Although previous reports have addressed these 
issues,** they have shared the following features: (1) 
test variables have not been collected simultaneously, 
(2) an arbitrary rating scheme for variables has been 
used, (3) the length of observation has been relatively 
short, often =30 minutes, (4) standardization of testing 
conditions has not been strictly enforced, and (5) the 
prevalence of poor outcomes has been relatively low. 
Earlier studies have suggested, on the one hand, that 
there is a progressive sequence in the appearance of 
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abnormal variables,? and, on the one hand, that there 
is little prognostic difference among tests grouped by 
number of abnormal variables.’ More recently, Man- 
ning et al.” have questioned the relationship of specific 
abnormal variables and their combinations to test ac- 
curacy. They suggest that there are prognostic differ- 
ences associated with different combinations of vari- 
ables and that the unequal distribution of these com- 
binations ‘implies an interdependence of these 
variables. 

We undertook the present study to test the validity 
of these prior assumptions. First, we wished to deter- 
mine if there were differences in the prognostic values 
of individual variables and their combinations for pre- 
dicting the risk of abnormal outcomes. Next, we wished 
to determine if, within each grouping of abnormal vari- 
ables, all combinations of abnormal variables were 
equally probable. Finally, we wished to determine if a 
mode] that assumed independence of variables would 
yield predictive values that agreed with those actually 
observed in the field. 


Material and methods 


The study population consisted of 1146 patients who | 


received antenatal testing at the Medical College of 
Georgia Hospitals and Clinics for a variety of high-risk 
problems (Table I). AJl were tested between 32 and 42 
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weeks of gestation and delivered within 72 hours of 
their final test. Testing results were available to clini- 
cians who provided obstetric care. Although antepar- 
tum management was based on a variety of clinical 
considerations, in general fetuses with normal bio- 
physical profiles were retested within 7 days, those with 
one abnormal variable were retested within 24 to 48 
hours, and those with two or more abnormal variables 
were evaluated for delivery. 

Biophysical testing was performed in accordance 
with a previously published protocol.’’ Ultrasono- 
graphic observations of fetal breathing movements, 
body movements, amniotic fluid volume, and tone (flex- 
ion-extension movements) were acquired simulta- 
neously with a continuous recording of fetal heart rate. 
These data were entered in a specially programmed 
microcomputer that analyzed the incidences of fetal 
breathing movement, body movement, flexion-exten- 
sions, accelerations and decelerations, and the baseline 
fetal heart rate.” Amniotic fluid volume was measured 
as the largest single pocket in vertical and horizon- 
tal dimensions. Previously published institutional 
standards? for gestational age were used as reference 
points. Abnormal values for any variable were consid- 
ered to be those that exceeded the normal population 
means by >2 SD. 

For the purposes of this study, only the last tests 
before delivery were considered in the subsequent cor- 
relations with outcomes. Perinatal end points examined 
were mortality, intrapartum fetal distress requiring op- 
erative intervention, 5-minute Apgar score <7, neo- 
natal mixed or metabolic acidosis (on the basis of um- 
bilical arterial pH <7.15 and base excess >— 8.0 
mEq/L). The conditional probability for the risk of bad 
outcomes associated with each variable was determined 
by its occurrence as the sole abnormal variable with all 
bad outcomes.” The theoretic risk of bad outcomes 
associated with combinations of more than one abnor- 
mal variable was determined by the following formula 
of Shortliffe and Buchanan” 


BO = } Ra — 5 Ra Rb + } Ra Rb Rce ... 
a asb a=b=c 
a= bh as be 


where BO is risk of bad outcome and Ra, Rb, Rc... 
is risk of bad outcome associated with abnormal variable 
(if the variable is normal, R = O). 

‘The theoretic risks of bad outcomes and the observed 
rates of bad outcomes associated with each combination 
of abnormal biophysical profile variables were com- 
pared. For the purposes of this study, a level of dis- 
agreement >0.2 (range 0 to 1.0) was considered clini- 
cally significant. In addition, the distributions of com- 
binations of abnormal variables and their associated 
positive predictive values were compared with x? tests. 
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Table I. Indications for biophysical testing 


Indications % 
Postdatism 110 9.6 
Suspected intrauterine growth 207 18.1 

retardation 
Chronic hypertension 196 17.1 
Preeclampsia 75 6.5 
Diabetes mellitus 181 15.3 
Poor obstetric history 44 3.8 
Miscellaneous obstetric 274 24.4 
Miscellaneous medical 54 4.7 
TOTAL l 1146 100.0 


The standard for comparison within each category of 
abnormal variable combinations, ie, two abnormal vari- 
ables, three abnormal variables ... , was the mean pos- 
itive predictive value for the entire category”; no com- 
bination with fewer than five cases was considered for 
this comparison. 

Linear logistic regressions were applied to combi- 
nations of abnormal variables. A p value <0.05 was 
considered significant. . | 


Results 


The study population was delivered at a gestational 
age of 38.1 + 2.1 (mean + SD) weeks. The distribution 
of test outcomes by number of abnormal variables and 
associated perinatal outcomes is listed in Table II. Two 
hundred forty-six patients (21.5%) had at least one ab- 
normal variable on their last biophysical profile. There 
was a positive correlation (r = 0.31, p = 0.04) between 
increasing numbers of abnormal variables and the oc- 
currence of all bad outcomes. Similar trends were seen 
with all individual bad outcomes except for low 5-min- 
ute Apgar scores. 

Table III shows that the nonreactive nonstress test 
(NST) was the most common abnormal variable, 
whereas absent tone was the least common abnormal 
variable. No individual variable had high sensitivity, 
whereas all had high specificity. Similarly, positive pre- 
dictive values for all variables except fetal tone were 
<50%; all variables had negative predictive values 
>88%. 

Table IV shows the frequency of tests with a single 
abnormal variable and associated poor outcomes. Al- 
though a nonreactive NST occurred significantly more 
often than the other abnormal variables, absent fetal 
tone was the only variable uniformly associated with 
abnormal outcomes. In both cases a major fetal anom- 
aly was present (anencephaly, holoprosencephaly), and 
neonatal death occurred. 

Combinations of two or more abnormal variables and 
their associated poor perinatal outcomes are shown in 
Tables V through VII. Six of 10 possible combinations 
of two abnormal variables were observed (Table V), of 


348 Devoe et al. 


August 1992 
Am J Obstet Gynecol 


Table II, Distribution of abnormal outcomes and last biophysical profile 


Total Intrapartum fetal Low 5 min 
Abnormal variables No. All death} Apgar score Acidosis Death 
re 0.2 7.0 3.6 


Abnormal outcomes (%)* 


0 900 : f i 0.1 
l 133 15.0 10.9 4.3 3.7 2.6 
2 59 29.0 21.5 Tə 5.2 3.5 
3 22 36.0 38.0 11.2 7.4 5.0 
4 16 43.0 56.3 31.2 25.0 18.2 
5 16 62.5 66.7 62.5 62.5 25.0 
TOTAL 1146 7.4 12.3 5.9 5.9 2.9 


*Expressed as percentages of all outcomes within variable category. 
tExpressed as percentage of cases undergoing spontaneous or induced labor. 


Table III. Individual biophysical profile variables and perinatal outcomes (%)* 





Positive predictive 
Abnormal Sensitivity Specificity value value 
15 30 88 28 


Negative predictive 





NST 89 

Fetal breathing 10 28 92 36 89 
movement 

Body movement 6 21 96 48 89 

Amniotic fluid 5 13 97 39 88 
volume 

Tone 4 18 98 60 88 


*All tests with single and combined abnormal variables included. . 


Table IV. Abnormal individual biophysical 
variables: Frequency and associated 
perinatal outcomes 







Abnormal 


outcomes 








Frequency 


NST = 69 £19 > 8 11.6 

Fetal breathing 34 25.6 6 17.7 
movement 

Amniotic fluid 16 12.0 3 18.8 
volume 

Body movement 12 9.0 I 8.3 

Tone ae 15 E 100.0 

All tests 133 100.0 . 20 15.0 


which abnormal fetal breathing movement and non- 
reactive NST were the most frequent. Three of these 
six combinations of abnormal variables were of suffi- 
cient size to allow statistical comparisons. Only the com- 
bination of abnormal NST and amniotic fluid volume 
had a predictive accuracy that was significantly greater 
than the group mean and approximately twice that cal- 
culated for independent variables. Five of 10 possible 
combinations of three abnormal variables were ob- 
served (Table VI), of which abnormal NST—body 
movement—fetal breathing movement was the most 
frequent. Only two combinations occurred frequently 


enough to allow statistical comparisons of predictive 
accuracy; neither differed significantly from the group 
mean. The predictive accuracy of the combination of 
abnormal NST—body movement-—fetal tone differed 
significantly from that predicted for independent vari- 
ables. Two of five possible combinations of four ab- 
normal variables was observed (Table VII). The pre- 
dictive accuracy of each combination differed signifi- 
cantly from that predicted for independent variables. 

The predictive accuracy of five abnormal variables 
was 62.5%, although the formula would have yielded 
a 100% risk of poor outcomes. Had intrauterine growth 
retardation been considered as a measure of poor out- 
come, the predictive accuracy would have been 100% 
because all cases without other complications had birth 
weights <10th percentile for gestational age. 

Sixteen perinatal deaths (three stillbirths and 13 neo- 
natal deaths) occurred in the study group. Only one 
death followed a normal biophysical profile and was 
due to complications of prematurity. Of the three neo- 
natal deaths associated with a single abnormal bio- 
physical profile variable, two were in infants with major 
central nervous system malformations; the other death 
was a consequence of necrotizing enterocolitis in an 
otherwise normal term infant. Two stillbirths occurred 
in the group with two abnormal variables: one in a 
poorly controlled diabetic patient and the other in a 
fetus with hydrops caused by congenital heart block. 
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Table V. Combinations of abnormal variables: Frequency and associated perinatal outcomes observed 


and predicted 


Variable 


NST —fetal breathing movement 32 
NST -body movement 10 
NST—amniotic fluid volume | J 
Fetal breathing movement—tone 7 4 
NST —tone 3 
Fetal breathing movement—amniotic 3 
fluid volume 
All tests 59 


Abnormal outcomes 


Predicted (%) 
54.1 28.1 27.3 
17.0 20.0 19.1 
11.9 57.1 28.4 
6.8 25.0 59.0 
5.1 0.0 56.0 
5.1 0.0 33.3 
100.0 17 (29.0) 


Table VI. Combinations of three abnormal variables: Frequency and associated perinatal outcomes 


observed and predicted 


Variable 


NST-—body movement—fetal breathing 
movement 

NST—body movement—tone 

NST—body movement—amniotic fluid volume 

NST—fetal breathing movement—amniotic fluid 
volume 

NST—fetal breathing movement—tone 


All tests 


The remaining deaths associated with three or more 
abnormal variables were either consequences of major 
anomalies (two cases) or intrauterine growth retarda- 
tion (eight cases). 

Logistic regression analysis was applied to all test out- 
comes and yielded a model that was highly significant 
for all abnormal outcomes (x? = 35.62, p < 0.00001). 
This model required NST, fetal breathing movement, 
amniotic fluid volume, and tone for any abnormal out- 
come, with the highest weighting for tone (2.78) and 
the lowest for amniotic fluid volume (2.08). Body move- 
ments were not required for the prediction of any poor 
outcome. 


Comment 


Fetal biophysical testing has entered its second de- 
cade of clinical investigation and application. The con- 
sensus of previous studies is that the combined obser- 
vation of several biophysical variables yields a test whose 
predictive accuracy exceeds that of the NST alone.’* ” 
The extensive data base compiled by Manning et al.’ 
suggests that predictive accuracy of poor perinatal out- 
comes increases significantly as the number of abnor- 
mal biophysical variables increases. Vintzileos et al.‘ 
and Manning et al.’° have implied that consideration 
of specific test variables, when abnormal, may be more 
important for prognosis than a raw score derived from 


22 


Abnormal outcomes 


Observed (%) Predicted (%) 
8 36.4 37.5 38.0 
6 21D 33.3 70.0 
3 13.6 33.3 39.0 
3 13.6 33.3 49.0 
2 9.1 50.0 79.0 


8 (36.4) 


combining unweighted variables. It has been implied 
further that a modified biophvsical profile, focusing 
primarily on the NST and amniotic fluid volume eval- 
uation, might be sufficient for most antepartum testing 
needs.” These issues are clearly important to resolve 
because biophysical testing is more labor intensive than 
the NST or amnictic fluid volume measurement. 

The current study has focused on the frequency of 
associated abnormal biophysical profile variables and 
their relationship to the risk of a bad perinatal outcome. 
As in virtually all prior reports of biophysical testing, 
we have observed a positive relationship between the 
number of abnormal! biophysical profile variables and 
the risk of bad perinatal.outcomes. In contrast to some 
of the previous studies* ** we also found that tests with 
only one abnormal variable could be associated with an 
increased risk of perinatal compromise when compared 
with tests in which all variables were normal. The most 
significant abnormal variable, when seen in isolation, 
appears to be fetal tone, because this abnormality was 
rare but was always associated with central nervous sys- 
tem anomalies. 

Our data tend to support some of the conclusions 
reached by Manning et al.” in a similar previous study. 
The frequencies of abnormal individual variables either 
in isolation or in combination with other abnormal vari- 
ables are not equal. The most common abnormal vari- 
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Table VII. Combinations of four abnormal variables: Frequency and associated perinatal outcomes 


observed and predicted 


All except amniotic fluid volume ll 
All except tone 5 
All tests 16 


able was the nonreactive NST. This finding agrees with 
that of Baskett et al.* but differs from our previous 
report? and that of Manning et al.'° in which fetal 
breathing movement and fetal tane were the most com- 
mon abnormal variables, respectively. These differ- 
ences may reflect sample size, gestational age of the 
population studied, study technique, and cutoff points 
used for abnormal variables. No individual variable 
confers sufficient predictive accuracy to be a good 
“stand-alone” test. 

The frequency distribution of the abnormal individ- 
ual variables is also of interest, because it bears on the 
“ontogeny” of fetal response to intrauterine compro- 
mise proposed by Vintzileos et al.* Their model sug- 
gests an inverse relationship between the age of ap- 
pearance and the central nervous systems centers in 
which biophysical activities develop and their sensitivity 
to hypoxia. This model implies that hypoxia would af- 
fect the newer centers such as those governing fetal 
heart rate and fetal breathing movement before those 
regulating body movements and tone. Although our 
data do not directly confirm a sequential pattern of 
variable abnormality before poor outcome, the relative 
frequency of abnormal variables follows the sequence 
proposed by Vintzileos et al.? with nonreactive NST's 
being the most common and absence of tone the least 
common. 

This study differs from most of its predecessors in 
the manner with which the biophysical data were cal- 
lected and in the standards used for their testing. In 
our laboratory, both ultrasonographic and fetal heart 
rate data are collected simultaneously under rigorously 
standardized environmental conditions. They are rated 
according to standards that we have established for 
normal fetuses of similar gestational age.” These nor- 
mative standards are more stringent for all biophysical 
variables than those used in the other approaches. Al- 
though this makes the analysis of the combined ab- 
normal variables not directly comparable to those of 
Manning et al.,’° it also avoids possible artifacts that 
occur when fetal state changes during the course of a 
study. The failure to observe all possible combinations 
of abnormal variables may be due partly to sample size 
but may also reflect their dependent relationship to 
fetal state. This latter contention is supported by the 
fact that in no combinations of two or three abnormal 


Abnormal outcomes 


Predicted (%) 
68.8 31.2 88.0 
231.2 40.0 67.0 


100.0 7 (43.7) 


variables was decreased body movement seen without 
abnormal NST, and in all combinations of four abnor- 
mal variables, abnormal NST, fetal breathing move- 
ment, and body movement occurred together. 

A further argument for the interdependence of the 
biophysical variables is supported by the discrepancies 
in predicted and observed risks of bad perinatal out- 
comes in more than half (4/7) of the test combinations 
sufficiently large to analyze. In most instances (3/4), 
the observed incidence of poor outcome was consid- 
erably lower than that predicted by a formula that as- 
sumed that the variables were independent. Our data 
also support the view that certain combinations of ab- 
normal variables may have greater prognostic impor- 
tance than others, e.g., the combination of nonreactive 
NST and abnormal amniotic fluid volume. More im- 
portant, predictive accuracy for all observed combi- 
nations of three or four abnormal variables appears to 
be similar within their respective categories. 

This study adds further support to the original thesis 
of Manning et al.’ that multiple variable biophysical 
testing can augment prediction of outcome in high risk 
pregnancy. Additional variables improve the predictive 
accuracy of the biophysical profile; however, they do 
not appear to be of equal importance for establishing 
prognosis. The logistic regression model suggests that 
fetal movement data could be eliminated without re- 
ducing predictive accuracy, provided that all variables 
are collected simultaneously. This is most likely due to 
its being redundant when collected simultaneously with 
the NST. Conversely, fetal tone appears to be an es- 
sential component of the biophysical profile; its elimi- 
nation from the logistic model effected the greatest 
alteration in predictive accuracy. 

For practical considerations, this study has shown 
that when biophysical profiles contain one or two ab- 
normal variables the nature af the specific abnormal 
variable becomes quite important as the risk of poor 
outcome shows the greatest variation in these cases. 
Once three or four variables are abnormal, the specific 
nature of the variables included in these combinations 
becomes less important, because predictive accuracy is 
quite similar for all observed combinations within these 
groupings. It is also clear that relatively high predictive 
accuracy is achieved only when all variables are abnor- 
mal. This suggests that clinical management after the 
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majority of abnormal biophysical profiles should rely 


very strongly on additional clinical data, especially fetal 


maturity, before intervention is undertaken. 
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Editors’ note: This manuscript was revised after these 
discussions were presented. 


Discussion 

Dr. WILLIAM F. O’BRIEN, South Florida. The manu- 
script details an analysis of the components of the fetal 
biophysical profile with respect to outcome in an at- 
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tempt to establish a system for weighing or condensa- 
tion of components. The authors used a data base con- 
structed from computer-aided biophysical profiles with 
institutionally derived criteria obtained on over 1000 
women, with only the last test being used for analysis. 

The “outcome” used was a group of potential mark- 
ers of fetal compromise ranging in severity from mor- 
tality to a 5-minute Apgar score <7. Analysis essentially 
compared the actual rate of bad outcomes, which oc- 
curred with a combination of abnormal biophysical pro- 
file components with the theoretic expectation of risk 
based on the observed risk when only a single com- 
ponent was abnormal. Finally, the components were 
entered into a logistic regression model. 

As expected from prior reports, the incidence of ab- 
normal fetal outcomes in general increased along with 
the number of abnormal biophysical profile compo- 
nents. The NST and fetal breathing movements were 
the components most often found to be abnormal ei- 
ther singly or in combination with other biophysical 
profile components. 

When two component combinations were tested, the 
combination of abnormal NST and amniotic fluid vol- 
ume components appeared to be particularly ominous, 
with an observed rate of bad outcomes almost twice 
that predicted. This result was almost certainly due to 
the fallacies inherent in dealing with limited numbers, 
because this combination had better results when either 
the fetal motion or fetal breathing movement compo- 
nent was abnormal. Most of the obvious discrepancies 
were related to the fetal tone component, as a result of 
the overprediction of risk on the basis of abnormal fetal 
tone. This was a single abnormal component only twice 
and in both cases a major central nervous system anom- 
aly resulted in neonatal death. 

These results conflict with those reported by Man- 
ning et al.' in a similar study. In that study the com- 


_ bination of abnormal NST and body movement, which 


was the second most common combination of two ab- 
normalities noted in this manuscript, was not recorded 
in over 500 tests. Second, they found the combination 
of abnormal NST and fetal breathing movement to 
yield significantly greater morbidity than other com- 
binations of two abnormal values, whereas as noted 
above Devoe et al. did not. 

With regard to logistic regression, both reports agree 
on three of the components (fetal breathing movement, 
NST, amniotic fluid volume), but Manning et al. did 
not include fetal tone, as does the present report. 
Weighing of the variables is also different, moreover, 
because the highest weight is given to tone in this 
report. 

The reasons for these differences are not certain, but ` 
several possibilities exist. As in all comparisons, the pop- 
ulations studied were not identical and, in this case, 
they were not even similar. The mean gestational age 
at delivery in the study by Manning et al. was 31 weeks, 
compared with 38 weeks in this study. Perhaps the rel- 
ative importance of the components of the biophysical 
profile is gestational-age related. Alternatively, the cri- 
teria used for normalcy for the components of the bio- 
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pkysical profile are similar but not identical. As pre- 
viously reported by this group, the results in terms of 
prediction accuracy do differ and the relative impor- 
tance of the varying components may as well. 

What remains, therefore, is the implied, but unstated 
and unfulfilled, goal of the study. Can a weighted bio- 
physical profile vield more accurate predictions in a 
population not used to derive the model? I assume this 
question will be the basis of Dr. Devoe’s next study. 
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Dr. RONALD V. WADr, Charlotte, North Carolira. 
Dr. Devoe, in view of the data you have presented, 
wculd you comment on the common practice of elim- 
inating the NST if all other parameters are normal: 

Dr. Devoe (Closing). Our experience and that re- 
ported by the Manning group’ would suggest that elim- 
ination of the NST is unwarranted. The reason ts that 
the NST supplies information that is not really repli- 
cated by any of the other components of the biophysical 
, test. In addition, Manning’s own experience in elimi- 


" nating the NST resulted in reports of stillbirths with | 


otherwise normal biophysical prefiles within a week of 
their last test.’ In cases in which the NST was included, 
in his particular series, the rate of stillbirths was ex- 
tremely low unless anomalies were detected. I think that 
our data support the importance of the NST as a pivotal 
member of all the variables grouped together in the 
biophysical profile. It certainly weighed very heavily in 
all of the abnormal test combinations and was the mest 
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frequently observed single abnormal variable. There- 
fore our data would support maintaining the NST as 
an integral component of the biophysical profile. 

I would like to turn to the comments that Dr. O’Brien 
made because I think that he has brought out a couple 
of significant points. First and foremost is the influence 
of gestational age on the outcome of testing and the 
outcome of pregnancy in general. There is little ques- 
tion that our study differs significantly from that re- 
ported by the Manning group’ in terms of gestational 
age at birth and that a number of criteria used to grade 
morbidity in his population almost certainly reflect the 
impact of delivery at a lower gestational age in a high- 
risk population. A second major difference that exists 
between our study and that previously cited is the fact 
that we performed the collection of all of our variables 
in the same time frame. Manning’s approach, which 
has been used by many others, has been to do sequential 
NST or ultrasonographic evaluation so that it 1s quite 
conceivable, in that time frame, that the fetal state 
would change and a discrepancy between the associa- 
tion of variables could be accounted for. 

I think that the challenge that Dr. O’Brien has put 
forth of doing a prospective study is certainly one that 
is important and it is in progress at our institution. 
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Excessive maternal weight and pregnancy outcome 
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OBJECTIVES: This study was undertaken to determine the influences of increased maternal 
prepregnancy weight and increased gestational weight gain on pregnancy outcome. 

STUDY DESIGN: This was a longitudinal retrospective study of 7407 term pregnancies delivered from 
1987 through 1989. After excluding cases with multiple fetuses, stillbirths, fetal anomalies, no prenatal 
care, selected medical and surgical complications, and those with incomplete medical records, 3191 cases 
remained for analyses by determination of odds ratios for obstetric outcomes, by x* tests for significant 
differences and by adjustment for risk factors with stepwise logistic regression. 

RESULTS: Both increased maternal prepregnancy weight (body mass index) and increased maternal 
gestational weight gain were associated with increased risks of fetal macrosomia (p < 0.0001), labor 
abnormalities (p < 0.0001), postdatism (p = 0.002), meconium staining (p < 0.001), and unscheduled 
cesarean sections (p < 0.0001). They were also associated with decreased frequencies of low birth 
weight (p < 0.001). The magnitude of the last was less than that of the other outcomes. 

CONCLUSIONS: Increased maternal weight gain in pregnancy resu'ts in higher frequencies of fetal 
macrosomia, which in turn lead to increased rates of cesarean section and other major maternal and fetal 
complications. Because these costs of increased maternal weight gain appear to outweigh benefits, weight 
gain recommendations for pregnancy warrant careful review. (AM J OBSTET GYNECOL 1992;167:353-72.) 
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In recent years there has been much interest in the 
association between poor maternal weight gain and low 
birth weight (LBW).'* Because of these observations, 
recommendations have recently been made by the Na- 
tional Academy of Science to advise further weight gain 
increases during pregnancy.® These recommendations 
have been made on the basis of several assumptions: 
(1) The morbidity and mortality associated with LBW 
is due in part to poor maternal nutrition, as reflected 
by low gestational weight gain. (2) Through nutritional 
counseling and support, maternal gestational weight 
gain can be increased. (3) Increasing gestational weight 
gain will eliminate or reduce the frequency of LBW 
complications. 

Unfortunately, these assumptions have not been eval- 
uated by carefully designed, recent studies in a United 
States sample. However, on the basis of these assump- 
tions there have been frequent articles in the lay press 
encouraging pregnant patients to eat “to appetite.”® ’ 
Publications dealing with prepregnancy counseling and 
preparation for pregnancy give limited attention to the 
potential complications of excessive maternal prepreg- 
nancy weight and excessive gain during pregnancy. 
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These considerations are of great interest to clini- 
cians, because of an increasing percentage of obesity 
among pregnant patients’ and because of the greater 
cesarean section and complication rates observed 
among such patients. Accordingly, this study was un- 
dertaken to assess the adverse effects of excessive ma- 
ternal weight on pregnancy outcome. There have been 
a number of other studies addressing these issues." 
This analysis is different in that it focuses on a recently 
delivered population of women, the majority of whom 
received nutrition counseling and the benefits of mod- 
ern obstetric, anesthetic, and pediatric care. It there- 
fore reflects current improvements in care. It also ex- 
plores the influence of prepregnancy status (body mass 
index) as defined and categorized in the recent National 
Academy of Sciences publication’ and weight gain dur- 
ing pregnancy, in conjunction with other important risk 
factors. : 


Methods 

With a computerized data system for all deliveries at 
our institution from Jan. 1, 1987, through Dec. 31, 
1989, we identified a total of 7407 patients delivered 
at or beyond 38 weeks of gestation. The study group 
consisted predominantly of patients who received care 
from the prenatal clinics of the University of Florida, 
Departments of Obstetrics and Gynecology. These clin- 
ics serve a twelve-county section of North Central Flor- 
ida that includes a college town but is otherwise pre- 
dominantly rural. Three to four percent were private 
patients. The majority of the remaining patients were 
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of low-income status (=150% of tederal poverty level). 
All patients were counseled by a nutritionist and en- 
couraged to gain =24 pounds. No limit was placed on 
maximum weight gain. Glucose screening was routinely 
done for diabetes mellitus on all patients at 24 to 28 
weeks’ gestation. | 

` Information on each patient was entered on stan- 
dardized forms at the first antepartal visit, at delivery, 
and at discharge from the hospital. After verification 
for accuracy, the nearly 200 variables were computer- 
ized. All singleton pregnancies delivered at =38 weeks 
that received prenatal care and were delivered of live 
infants in Shands Hospital were included in this study, 
provided they were not diagnosed with fetal abnor- 
malities, oligohydramnios, or polyhydramnios. There 
were 6634 patients meeting these criteria. Another 
1463 patients with identified relevant medical or sur- 
gical complications (gastrointestinal disorders, sickle 
cell hemoglobmopathy, hepatitis. hematologic disor- 
ders, malignant disease, renal disease, neurologic dis- 
ease, pulmonary disease, psychiatric disorders, tuber- 
culosis) were excluded. Patients with appendicitis, non- 
hemoglobinopathic anemia (hematocrit <30%), bone 
or joint disease, urinary tract infections, and asthma 
were retained because their exclusion would have sig- 
nificantly reduced the total numbers and because these 
complications did not appear to influence the outcomes 
of interest. For purposes of this study, we grouped all 
patients together who voluntarily admitted to tobacco, 
alcohol, or illicit drug use as patients admitting to sub- 
stance abuse. Patients with the diagnoses of diabetes, 
preeclampsia, and chronic hypertension were included 
for special studies as noted. Seven hundred four cases 
were excluded because of incomplete risk variable data; 
an additional 1276 cases were excluded because of in- 
complete outcome variable information. The final 
number of deliveries left for analyses was 3191. The 
mean sociodemographic characteristics (maternal age, 
parity, level of education, ethnic group proportions, 
percentage receiving private medical care, number of 
prenatal visits, and gestational age) and the mean an- 
thropometric features (maternal height, body mass in- 
dex, gestational weight gain, net weight gain, and infant 
birth weights) for the entire sample were not signifi- 
cantly different from the study sample (p > 0.05). Pre- 
gravid weight was determined on the basis of maternal 
reporting. The weight recorded at the last prenatal visit 
was designated as the maternal weight at delivery. The 
mean length of time between last prenatal visit and 
delivery was 6.1 + 6 days. Weight gain during preg- 
nancy was calculated by subtracting the self-reported 
prepregnancy weight from the maternal weight last re- 
corded before delivery. Height was measured and re- 
corded on registration. Birth weigkt was measured and 
recorded at delivery. 
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Gestational age was assigned by the physician deliv- 
ering the patient on the basis of the best estimate from 
menstrual data, physical examination, and ultrasono- 
graphic studies. Race, marital status, private or non- 
private care, educational level, and parity were all ob- 
tained from the prenatal history. Information concern- 
ing drug abuse was voluntarily provided by the patients 
during routine questioning, usually on the first prenatal 
visit. Intrapartum complications were recorded by the 
physicians delivering the patients, including the pres- 
ence or absence of fetal heart rate (FHR) abnormalities, 
labor abnormalities, and meconium staining. Fetal gen- 
der, birth weight, Apgar scores, and the presence or 
absence of neonatal resuscitation were derived from 
delivery room data. 

We chose to evaluate the relationships between cer- 
tain outcomes and the following risk factors: (1) pre- 
pregnancy weight stratified into quartiles; (2) height 
(<62 inches, 62 to 65 inches, and >65 inches); (3) body 
mass index stratified into the four groupings recom- 
mended by the National Academy of Sciences’; (4) ma- 
ternal gestational weight gain stratified into quartiles 
for this patient population, inta quartiles of net ges- 
tational weight gain (total maternal weight gain minus 
baby’s birth weight), or according to National Academy. 
of Science recommendations for body mass index, as 
being below, within, or above the recommended range’ 
(patients with obese body mass indexes ‘were assigned 
a recommended range of 15 to 25 pounds); (5) ethnic 
groups (white, black, and other); (6) gestational age 38 
to 42 and >42 weeks; (7) married or single; (8) private 
physician care or not; (9) education (less than high 
school graduate, high school graduate, and any beyond 
high school graduation); (10) parous or not; (11) ma- 
ternal age (<20, 20 to 26, and >26 years); (12) admitted 
smoking, alcohol, or illicit, drug use; (13) fetal gender; 
(14) birth weight categorized into <2500 gm, 2500 to 
4000 gm, and =4000 gm; (15) maternal diabetes (pre- 
gestational and gestational) or not; and (16) hvperten- 
sive or not. 

Outcome variables studied included (1) fetal macro- 
somia (24000 gm) and (2) low birth weight (<2500 gm) 
where the risk factor birth weight (<2500 gm, 2500 to 
4000 gm, and >4000 gm) was excluded. The risk factor 
of birth weight was included in assessing the following 
outcomes: (3) meconium staining, (4) l-minute Apgar 
scores, (5) 5-minute Apgar scores, (6) unscheduled ce- 
sarean sections, (7) oxytocin induction, (8) oxytocin 
augmentation, (9) labor abnormality (prolonged latent 
phase, protracted active phase, secondary arrest of di- 
lation, arrest of descent, prolonged second stage), ( 10) 
FHR abnormality (decreased variability, bradycardia, 
or tachycardia for >10 minutes, multiple variables, or 
late decelerations), (11) cord umbilical artery pH 
<7.12, (12) newborn resuscitatior. (artificial ventilation 
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Table I. Study population characteristics by body mass index group 


Body mass index category 





Low High 
(<19.8) (27-29) All 
Characteristic (n = 755) (n = 329) {m = 3191) 

Prepregnancy weight quartile (1b) 

1 (=116) 582 228 0 0 810 

2 (117-132) 161 644 5 0 810 

3 (133-155) 12 654 105 24 795 

4 (>155) 0 95 219 462 776 
Height (in) 

1 (<62) 89 220 54 88 451 

2 (62-65) 363 859 160 257 1639 

3 (>65) 303 542 115 141 1101 
Weight gain (Ib) 

1 (<16) 59 190 65 157 47] 

2 (16-25) 140 292 63 107 602 

3 (26-35) 265 467 93 84 909 

4 (>35) 291 672 108 138 1209 
Net weight gain (Ib) Ñ 

1 (<14.9) 133 341 101 221 796 

2 (14.9-23.5) 207 409 80 102 798 

3 (24-33.0) 229 404 85 83 801 

4 (>33.0) 186 467 63 80 796 
Weight gain, National Academy 

of Science 

Low 254 431 49 l 137 871 

Within range 317 518 79 127 104] 

Over 184 672 201 222 1279 
Ethnic group 

White 487 972 164 252 1875 

Black 254 615 161 231 1261 

Other 14 34 4 3 55 
Private physician 

No 734 1555 317 47 3082 

Yes 21 66 12 .. 10 109 
Married 

No 433 874 196 246 1749 

Yes 322 747 133 240 1442 
Tobacco, alcohol, drugs 

No 455 1042 230 341 2068 

Yes 300 579 99 145 1123 
Parity 

First 372 698 123 151 1344 

Multiparous 383 923 206 335 1847 
Male infant 

No 381 812 166 239 1598 

Yes 374 809 163 247 1593 
Maternal age (yr) 

<20 276 500 85 80 941 

20-26 338 754 161 262 1515 

>26 141 367 83 144 735 
Maternal education 

<12th grade 390 729 135 177 143] 

12th grade 285 676 156 237 1354 

> 12th grade 80 216 © 38 72 406 
Hypertension 

Yes 26 74 19 52 171 

No 729 1547 310 434 3020 
Diabetes 

Yes 14 38 20 26 98 

No 741 1583 309 460 3093 
Birth weight (gm) 

<2500 36 32 5 l 74 

2500-4000 i 673 1381 273 401 2728 

>4000 46 208 5] 84 389 
Gestational age =42 wk 

No 694 1476 289 430 2877 


Yes 61 157 40 56 314 
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Fig. 1. This graph of unadjusted data shows the relationship between increasing maternal body 
mass index (BMJ) and frequencies of macrosomia, cesarean section, and LBW. There is a very similar 
rise in both macrosomia and cesarean section rates with increasing maternal body mass index. p 
Values represent statistical significance between successive rates of cesarean section. Decrease in 
percentage of LBW (cf lesser magnitude) is also noted with increasing maternal body mass index. 
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Fig. 2. This graph illustrates unadjusted relationships between increasing maternal gestational weight 
gain and frequencies cf macrosomia, cesarean section, and LBW. As in Fig. 1, there is almost identical 
alteration in frequencies of macrosomia and cesarean section with increasing gestational weight gain. 
p Values represent statistical significance for differences between successive rates of cesarean section. 
There is corresponding decrease in LBW of lesser magnitude, also noted with rising gestational 
weight gain. 


and endotracheal intubation), (13) shoulder dystocia, tension (with or without superimposed preeclampsia) 
and (14) postdates (gestational age excluded as a risk were included in assessing the associations between risk 
factor). Patients with the diagnosis of preeclampsia (in- factors and the occurrence of these specific complica- 
cluding pregnancy-induced hypertension, preeclamp- tions. 


sia mild or severe, and eclampsia) and chronic hyper- For the statistical evaluations, all risk factors were 
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Fig. 3. This scattergram graph depicts unadjusted relationship between weight gain and birth weight 
in the four body mass index (BMI) categories. Substantial variation in birth weight is readily seen. 
There is significant reduction in association of weight gain to birth weight as body mass index 
increases, but association even among obese patients is statistically significant (p < 0.0001). 


divided into intervals as described above, with odds 
ratios used to describe the effect of each level of a risk 
factor, relative to a reference group. The significance 
of each unadjusted odds ratio was assessed with a x’ 
test. Stepwise logistic regression was used to select an 
adjustment model, and the adjusted odds ratios were 
derived from the anti-logs of parameters estimated by 
logistic regression. The Wald x’ statistic provided a sig- 
nificance level for each adjusted odds ratio, and con- 
fidence intervals for odds ratios were formed by trans- 
forming the estimates, give or take two standard errors, 
from the log odds scale. Weight gain, prepregnancy 
weight, and height were included in each adjustment 
model, regardless of statistical significance. 

In the trend analyses all risk factors were examined, 
but only those selected by a stepwise procedure at the 
0.01 level of significance were included in the model. 
Net weight gain was used when examining birth weight 
and the incidences of macrosomia and low birth weight. 
The magnitudes of the trends in risk of an outcome 
were expressed as odds ratio for either a 10 pound 
difference in weight gain, or a five unit difference in 
body mass index, because these were round numbers 


near the average width of the intervals used in the 
National Academy of Science categories and recom- 
mendations. 

This research project was approved by the University 
of Florida Health Center Institutional Review Board. 


Results 


The characteristics of our study population are tab- 
ulated in Table I. There were 3191 total patients in the 
study, including 171 with the diagnosis of hypertension 
(including preeclampsia) and 98 with the diagnosis of 
diabetes. According to body mass index category, 24% 
were below normal, 51% were within normal range, 
10% were above average, and 15% were obese. About 
58% of the patients were white, 40% were black, and 
1.7% were Hispanic or Oriental. Overall, 55% were 
unmarried and 42% were nulliparous. High school 
graduation or education beyond high school may be 
used as a measure of moderate to high socioeconomic 
status. About 55% achieved these levels of education. 
Private physician care was used by 3.7% of all patients. 
The prevalence of admitted substance abuse (smoking, 
alcohol, or illicit drugs) was 35%. 
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Table IL. Fetal macrosomia 










Characteristic 


Prepregnancy weight quartile (lb) 


Odds ratio and 95% 
confidence interval 
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1* (<1 16) 5.8 — 

2 (117-132) 11.7 2.16 (1.5-3.1) 

3 (133-155) 11.8 2.18 (1.5-3.1) 

4 (>155) 19.7 3.99 (2.8-5.6) 
Height (in) 

1* (<62) 5.5 — 

2 (62-65) 12 2.3 (1.5-3.6) 

3 (>65) 15.1 3.0 (1.9-4.7) 
Body mass index category, Na- 

tional Academy of Science 

Low* (<19.8) 6.1 — 

Medium (19.8-26) 12.8 2.27 (1.6-3.2) 

High (27-29) 15.5 2.83 (1.8-4.3) 

Obese (> 29) 17.3 3.22 (2.2-4.7) 
Net weight gain (Ib) 

1* (14.9) 8.5 — 

2 (14.9-23.5) 8.9 1.05 (0.74-1.48) 

3 (24-33) 12.6 1.54 (1.12-2.14) 

4 (>33) 18.7 2.46 (1.8-3.3) 
Ethnic group 

White* 15.5 — 

Black 7.4 0.43 (0.34-0.55) 

Other 9.1 0.54 (0.22-1.38) 
Gestational age =42 wk 

No* lL 2 — 

Yes 21.0 2.1 (1.6-2.8) 
Married 

No* 11.2 — 

Yes 15.6 1.8 (1.4-2.2) 
Tobacco, alcokol, drugs 

No* 13.9 — 

Yes 9.0 0.61 (0.48-0.78) 
First birth 

Yes* 9.7 — 

No 14.0 1.5 (1.2-1.38) 
Fetal sex male 

No* 9.3 — 

Yes 15.1 1.7 (1.4-2.1) 
Maternal age (yr) 

<20 8.8 0.66 (0.5-0.87) 

20-26* 12.7 — 

>26 15.4 1.24 (0.97-1.6) 
Education 

<12th Grade 10.6 0.89 (0.7-1.12) 

12th Grade* 11.8 — 

>12th Grade 19.0 1.75 (1.29-2.35) 
Diabetes 

No* 11.9 — 

Yes 22.4 2.15 (1.32-3.5) 


NS a 
0.0001 NS es 
0.0001 3.55 (2.64-4.78) 0.0001 
0.0001 1.9 (1.2-3.1) 0.53 
0.0001 2.2 (1.3-3.6) 0.11 
0.0001 1.82 (1.38-2.4) 0.0001 
0.0001 i 0.44 
0.0001 os 0.97 
0.8 1.2 (0.83-1.75) 0.32 
0.008 1.77 (1.24-2.52) 0.0012 
0.0001 2.86 (2.02-4.02) 0.0001 
0.0001 0.36 (0.27-0.47) 0.0001 
0.19 NS = 
0.0001 1.9 (1.4-2.6) 0.0001 
0.0001 = 0.68 
0.0001 6.5 (0.39-0.66) 0.0001 
0.0001 1.75 (1.37-2.24) 0.0001 
0.0001 1.76 (1.4-2.23) 0.0001 
0.003 _ 0.48 
0.087 ce 0.75 
0.318 ss 0.88 
0.0001 1.6 (1.18-2.16) 0.0018 
0.002 1.75 (1.03-2.97) 0.035 


NS, Not significant. Overall incidence 12.2%. 
*Reference group. 


In this population the frequencies of fetal macro- 
somia and unscheduled cesarean section appear to rise 
almost simultaneously in relationship to increasing ma- 
ternal body mass index (Fig. 1) and to increasing ges- 
tational weight gain (Fig. 2). 

As both body mass index and gestational weight gain 
rise, the incidences of macrosomia and cesarean section 
increase to involve one of six patients (8.9% to 14% or 
15%, p < 0.001), whereas the LBW rate declines (4% 
to 1%, p < 0.001). 


Birth weight. The unadjusted data displayed a 
strong association between gestational weight gain and 
birth weight within the four body mass index groups 
(Fig. 3). This association was less among women with 
higher body mass index but still very significant 
(p = 0.0001). A multiple regression of birth weight on 
net weight gain, body mass index, and seven covariables 
selected by stepwise fitting revealed an increase of 
15.4 + 2.2 gm birth weight per pound gained by the 
mother (p < 0.0001) and an increase of 66.9 + 95 gm 
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Fig. 4. This graph depicts stepwise increase in unadjusted odds ratios for fetal macrosomia with 
increasing maternal body mass index and increasing net gestational weight gain. Adjusted trends 
test was significant at p < 0.001. BMI, Body mass index; OB, obese. 


per unit body mass index (p < 0.0001). Height, race 
(black vs white), postdate delivery, substance abuse, fe- 
tal gender, parity, and diabetes were all associated with 
birth weight change (p < 0.0006). The effect of body 
mass index appeared to be nonlinear, leveling off at 
higher values, but no curvature was detectable in the 
association with weight gain, adjusting for covariables. 
Age, education, marital status, private physician, and 
hypertension did not appear related to birth weight 
(p = 0.01). 

Macrosomia and low birth weight. The overall in- 
cidence of fetal macrosomia, defined as a birth weight 
of =4000 gm, was 12.2% for this study population 
(Table II). The frequency of macrosomia increased in 
association with increasing prepregnancy weight, ma- 
ternal height, maternal body mass index, and net ges- 
tational] weight gain. Both body mass index and net 
weight gain demonstrated significant odds ratios for 
macrosomia (Fig. 4). 

After adjusting for risk factors by stepwise logistic 
regression, the model still exhibited significantly in- 
creased ratios for the highest prepregnancy weight 
group, the medium body mass index group, and in- 
creasing net weight gain. The lack of a statistically sig- 
nificant adjusted odds ratio for high or obese body mass 
index categories may be due to the smaller numbers in 
these categories and associations with confounding risk 
factors. The adjusted odds ratios also were significantly 
elevated for postdatism, parous patients, patients with 
higher education, those delivering male infants, and 
diabetics. Patients admitting to substance abuse and 
black patients were at reduced risk. After adjusting 
maternal height and age, marital status, and hyperten- 


sion did not exhibit significantly altered odds ratios for 
macrosomia (Fig. 5). 

The trends analysis done by stepwise logistic regres- 
sion revealed increasing risk of macrosomia with both 
increasing weight gain (odds ratio 1.3 for a 10-pound 
difference, p = 0.0001) and with increasing body mass 
index (odds ratio 1.5 for a -unit difference, 
p = 0.0001), adjusting for height, race, education, sub- 
stance abuse, fetal gender, parity, and postdate delivery. 
(No interactions or nonlinearity involving weight gair. 
and body mass index were detected.) 

The frequency of diagnosed shoulder dystocia was 
1.8%. There was a trend to increasing odds ratio notec 
with increasing maternal gestational weight gain, but 
after adjusting for the listed risk factors only macro- 
somia was significantly associated with an increased 
odds ratio: 5.3 (3.0-9.3; p < 0.0001) compared with in- 
fants weighing 2500 to 4000 gm. 

Defining LBW as <2500 gm, we noted an overall 
incidence of 2.3% in this term population (Table III). 
Maternal prepregnancy weight, maternal body mass 
index, and net gestational weight gain related inversely 
to the risk of LBW (Fig. 6). Male fetuses had a signif- 
icantly lower odds ratio for LBW. Patients admitting to 
substance abuse had a higher risk of LBW. After ad- 
justing for these risk factors, high maternal prepreg- 
nancy weight, higher net weight gain, multiparity, and 
delivering a male infant were associated with low 
odds ratios for LBW. Patients admitting to drug 
abuse and black patients demonstrated increased odds 
ratios. 

The trends analysis of LBW demonstrated an esti- 
mated odds ratio of 1.4 (p = 0.0007) associated with a 
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Fig. 5. This graph illustrates odds ratios and 95% confidence intervals for fetal macrosomia for 
variety of risk factors, after adjustment by stepwise logistic regression. Number of obstetric and 
demographic characteristics were associated with increased fetal macrosomia. Black patients and 
patients admitting to substance abuse (drugs) were noted to have significantly reduced frequencies 


of fetal macrosomia. BMI, Body mass index. 


10-pound difference in weight gain, and an odds ratio 
of almost 3 (p = 0.0001) associated with a 5-unit dif- 
ference in body mass index. 

Unscheduled cesarean section. In analyzing the Tre- 
quency of cesarean section, we chose to exclude all elec- 
tively scheduled cesarean sections and analyzed cnly 
those occurring because of complications during labor. 
The overall incidence for this study population was 
11.9% (Table IV). A significant increase in the odds 
ratio for cesarean section was noted with the higher 
body mass index categories, the higher prepregnancy 
weight categories, and the greater gestational weight 
gain categories. Macrosomia, nulliparity, higher edu- 
cation, diabetes, hypertension, and private care were 
also associated with increased odds ratios for cesarzan 
section. Adjusting for risk factors yielded significantly 
increased odds ratios for the highest gestaticnal 
weight gain group, private care, nulliparity, and fetal 
macrosomia. Being a teenager and being tall were 
both associated with reduced odds ratios for un- 
scheduled cesarean section (Fig. 7). Maternal race, 
substance abuse, and fetal gender did not appear to 


influence this rate. The trends analysis done by step- 
wise logistic regression demonstrated an increased risk 
of unscheduled cesarean section associated with in- 
creasing birth weight (p < 0.0001), maternal gesta- 
tional weight gain (p < 0.0001), and body mass index 
(p < 0.0001). 

Postdates. The overall frequency for postdate preg- 
nancies in this study population was 9.8% (Table V). 
Increased odds ratios were noted with higher maternal 
prepregnancy weight, higher gestational weight gain, 
white patients, fetal macrosomia, and admitted sub- 
stance abuse. After adjusting for these various risk fac- 
tors, the odds ratios were significantly elevated only for 
higher prepregnancy weight, patients admitting to sub- 
stance abuse, and patients with fetal macrosomia. 
Older patients and black patients had reduced odds 
ratios. There was evidence cn trends analysis that 
risk increased with weight gain (odds ratio 1.13 for 
a 10-lb difference, p = 0.0014) and with body mass 
index (odds ratio 1.2 for a 5-unit difference, p = 
0.0003). 

Labor abnormalities. The overall frequency of labor 
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Characteristic 


Prepregnancy weight quartile (Ib) 


Odds ratio and 95% | 
% confidence interval p Value 
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Adjusted odds ratio and 
95% confidence interval 


1* (<116) 4.8 — — — — 

2 (117-132) 2.8 0.58 (0.34-0.98) 0.038 — NS 

3 (133-155) 1.0 0.20 (0.09-0.4) 0.0001 0.24 (0.11-0.53) 0.0002 

4 (>155) 0.5 0.10 (0.04-0.29) 0.0001 0.12 (0.04-0.34) 0.0001 
Height (in) 

1 (<62) 4.2 — ' — — — 

2 (62-65) 25 0.58 (0.34-1.02 0.054 — NS 

3 (>65) 1.3 0.29 (0.15-0.59) 0.0001 — NS 
Body mass index category, Na- 

tional Academy of Science 

Low* (<19.8) 4.8 — — ~ — 

Medium (19.8-26) 2.0 0.40 (0.25-0.65) 0.0001 — 0.049 

High (27-29) 1.5 0.31 (0.12-0.79) 0.0001 — 0.056 

Obese (>29) 0.2 0.04 (0.006-0.30) 0.0001 — 0.10 
Net weight gain (lb) 

1* (<14,9) 3.4 = a es Zs 

2 (14.9-23.5) 2.1 0.62 (0.34-1.15) 0.124 0.51 (0.27-0.98) 0.039 

3 (24-33) 2.1 0.62 (0.33-1.14) 0.121 0.54 (0.28-1.04) 0.059 

4 (>33) 1.6 0.47 (0.24-0.92) 0.025 0.38 (0.2-0.8) 0.007 
Ethnic group 

White* 2.1 — — -— — 

Black 2.6 1.23 (0.8-1.97) 0.378 2.13 (1.25-3.63) 0.004 

Other 1.8 0.85 (0.12-0.85) 0.87 — 0.79 
Married 

No* 261 — — — —. 

Yes 1.9 0.69 (0.43-1.12) 0.128 — 0.09 
Tobacco, alcohol, drugs 

No* 1.4 — — — — 

Yes 4.0 2.94 (1.83-4.7) 0.0001 3.9 (2.3-6.7) 0.0001 
Parity 

i 3.1 — — — — 

>] 1.8 0.58 (0.36-0.92) 0.019 0.51 (0.31-0.33) 0.006 
Fetal sex male 

No* 1 — — s — 

Yes 1.3 0.39 (0.23-0.65) 0.0001 0.37 (0.22-0.53) 0.0002 


NS, Not significant. Overall incidence 2.3%. 
*Reference group. 


abnormalities was 7.8% (Table VI). There was a sig- 
nificant increase in odds ratio for labor abnormalities 
noted with the larger body mass index categories, the 
greatest gestational weight gain group, private patients, 
nulliparous patients, patients delivering male infants, 
patients with hypertension, and fetal macrosomia. Af- 
ter adjusting for these multiple factors, labor abnor- 
malities had significantly higher odds ratios in private 
patients, blacks, nulliparous patients, and patients with 
a macrosomic fetus but reduced odds ratio in the tallest 
patient group. The risk of labor abnormalities did not 
seem to be significantly influenced by maternal age, 
education attainment, admitted substance abuse, preg- 
nancy duration, nor marital status. There were signif- 
icant trends in both weight gain and body mass index. 
A difference in weight gain of 10 pounds corresponds 
to an odds ratio of 2 (p < 0.0001) and a difference of 
5 body mass index units corresponded to an odds ratio 
of about 1.65 (p< 0.0001). Labor abnormality was 
cited as the most frequent indication for unscheduled 


cesarean section and accounted for 40% of these op- 
erations in this study. 

The overall incidence of oxytocin induction was 
13.7%. There was a significant twofold increase in the 
odds ratio for induction observed in the highest body 
mass index quartile and a 1.5-fold increase in the high- 
est weight gain category. Significantly higher odds ra- 
tios were noted in postdates patients, hypertensive pa- 
tients, diabetics, and married patients. Oxytocin in- 
duction was less frequent in blacks. After adjusting for 
these various risk factors, only the higher body mass 
index groups, the postdates patients, the diabetics, the 
hvpertensives, and the LBW cases had significantly in- 
creased risks for induction. Black patients had a de- 
creased risk. 

Oxytocin augmentation was used in 16.1% of pa- 
tients. The odds ratio was significantly increased in the 
higher weight gain group and the hypertensive pa- 
tients, with trends noted in association with increasing 
body mass index, prepregnancy weight, decreasing ma- 
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Fig. 6. This graph illustrates prepregnancy weight and net weight gain unadjusted odds ratios and 
95% confidence intervals for LBW. There was stepwise reduction in risk of fetal LBW noted with 
rising prepregnancy weight. Net gestational weight did not demonstrate significant decrease in odds 
ratio except for those patients gaining >33 pounds. Adjusted trends tests were significant atp < 0.001. 


ternal height, and the male fetus. The risk was signif- 
icantly less in the parous patient. After adjusting, only 
nulliparity was associated with an increased risk of oxv- 
tocin augmentation. Teenagers were less likely to re- 
ceive oxytocin augmentation. 

FHR abnormalities. The overall incidence of intra- 
partum FHR abnormalities was 27% (Table VII). The 
odds ratio was significantly increased for the highest 
body mass index category, although maternal prepreg- 
nancy weight, maternal height, and maternal gesta- 
tional weight gain were not associated with increased 
odds ratios. After adjusting for appropriate covariables, 
we noted statistically significant odds ratios for body 
mass index, nulliparity, postdatism, macrosomia, black 
patients, fetal male gender, and older maternal age. 
The trends analysis showed no significant association 
with weight gain and only weak evidence of an asso- 
ciation with body mass index (p = 0.018). FHR abnor- 
malities were cited as the major cause for cesarean sec- 
tion in about 25% of the unscheduled cesarean sections 
in this study. 

Meconium staining. The overall frequency of me- 
conium staining in the study population was 21.5% 
(Table VIII). There was.a significant increase in the 
odds ratio noted with the larger body mass index cat- 
egories, the larger prepregnancy weight quartiles, black 
patients, unmarried patients, and nulliparous patients. 
After adjusting for these risk factors, increased risks 
for meconium staining were found with high prepreg- 
nancy weight, short maternal stature, high gestational 


weight gain, blacks, nulliparous patients, and admitted 
substance abusers. The trends test indicated an in- 
creased risk with weight gain (odds ratio 1.1 for 10 lbs, 
p = 0.0003) and with body mass index (odds ratio 1.22 
for 5 units, p = 0.0001). Curiously, postdatism and 
LBW were not associated with significantly increased 
odds ratios for meconium staining in this study. 

Apgar scores and umbilical artery pH. The overall 
frequency of l-minute Apgar score =7 was 18.3%. In- 
creased odds ratios were noted for increased gestational 
weight gain, nulliparous patients, and patients with hy- 
pertension. These same relationships pertained after 
adjusting. Black patients were also at greater risk. We 
found no associations for maternal prepregnancy 
weight, height, and body mass index. The overall fre- 
quency of 5-minute Apgar score $7 was 2.5%. There 
was a significant odds ratio increase in nulliparous pa- . 
tients, teenagers, and patients with hypertension. After 
adjusting, only nulliparity was associated with an in- 
creased risk. 

The mean umbilical artery pH —2 SD is 7.12 for this 
patient population. The overall incidence of a pH 
<7.12 was 1.5%. No significant associations were 
noted with body mass index categories, prepregnancy 
weight, maternal height, or gestational weight gain. A 
significant association was noted for teenage and nul- 
liparous patients. Adjusting for these findings re- 
vealed a significant association only for nulliparous pa- 
tients. 

Resuscitation. Resuscitation, including assisted res- 
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Table IV. Unscheduled cesarean section 






Odds ratio and 95% 


Characteristic confidence interval 


Adjusled odds ratio and 
% p Value 95% confidence interval 





Prepregnancy weight quartile (lb) 


1* ($116) 9.5 — — — — 

2 (117-132) 11.2 1.2 (0.87-1.67) ; 0.25 — 0.87 

3 (133-155) 12.8 1.4 (1.02-1.92) 0.034 — 0.11 

4 (>155) 14.2 1.6 (1.15-2.14) 0.004 — 0.74 
Height (in) 

1* (<62) 15.5 — — — — 

2 (62-65) 12.4 0.77 (0.58-1.04) 0.087 0.61 (0.44-0.84) 0.0019 

3 (>65) 9.6 0.58 (0.42-0.8) 0.001 0.4 (0.28-0.58) 0.0001 
Body mass index category, Na- 

tional Academy of Science 

Low* (<19.8) 8.3 — — — — 

Medium (19.8-26) 12.0 1.49 (1.11-2.01) 0.008 — 0.12 

High (27-29) 16.4 2.16 (1.46-3.18) 0.0001 1.5 (1.1-2.2) 0.0101 

Obese (>29} 14.2 1.82 (1.26-2.6) 0.001 1.38 (1-1.9) 0.043 
Weight gain (ib) 

1* (<16) 8.9 — — — — 

2 (16-25) 7.8 0.86 (0.56-1.34) 0.51 0.95 (0.6-1.5) 0.82 

3 (26-35) 10.3 1.178 (0.8-1.73) 0.400 1.3 (0.86-1.95) 0.21 

4 (>35) 16.3 1.988 (1.39-2.83) 0.0001 1.95 (1.32-2.87) 0.0006 
Private physician 

No* 11.4 — — — — 

Yes 27.5 2.96 (1.92-4.58) 0.0001 2.6 (1.57-4.29) 0.0001 
First birth 

Yess 15.8 — — — — 

No 9.1 0.53 (0.43-0.66) 0.0001 0.385 (0.29-0.5) 0.0001 
Maternal age (yr) 

<20 10.5 0.895 NS 0.68 (0.5-0.9) 0.009 

20-26* 11.6 — — — — 

>26 14.3 1.27 (0.98-1.64) 0.07 1.36 (1.0-1.83) 0.04 
Birth weight (kg) 
<25 14.9 1.64 (0.855-3.16) 0.13 — 0.16 

2.5-4.0* 9.6 — — — — 

>4.0 27.5 3.57 (2.76-4.6) 0.0001 3.77 (2.8-5.0) 0.0001 
Diabetes ; 

No* 11.6 — ~=- — — 

Yes 22.4 2.21 (1.36-3.599) 0.001 1.7 (1-2.9) 0.046 
Hypertension 

No* 11.5 — -l — — 

Yes 19.3 1.84 (1.24-2.74) 0.002 — 0.16 
Education 

12th Grade 10.0 0.834 (0.66-1.06) 0.14 — 0.27 

12th Grade* 11.7 — -= — — 
>12th Grade 19.2 1.787 (1.33-2.41) 0.0001 — 0.12 
NS, Not significant. Overall incidence 11.9%. 
*Reference group. 

Comment 


piration with a mask and oxygen or intubation, was 
reported with a frequency of 24.5% in this obstetric 
population. In mothers with a high body mass index 
and high gestational weight gain, the odds ratios were 
significantly increased 1.5-fold. Increases were also 
noted in delivery of the first child and in the case of 
fetal macrosomia. Neither prepregnancy weight or ma- 
ternal height were associated with increased risk of re- 
suscitation. Adjusting for these risk factors failed to 
demonstrate any statistically significant associations be- 
tween resuscitation and prepregnancy weight, maternal 
height, or weight gain during pregnancy. 


This is one of the ñrst studies evaluating pregnancy 
outcome in regard to the body mass index categories 
recommended by the National Academy of Sciences.* 
This study addresses a number of the research rec- 
ommendations made in that publication. It identifies 
certain effects of overall gestational weight gain within 
specific ethnic groups and among women of different 
ages. It examines the effects of weight gain on maternal 
and perinatal outcomes in markedly and moderately 
obese women, and it tests the ranges of recommended 
weight gain against outcomes. 
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Fig. 7. This graph illustrates odds ratios and 95% confidence intervals for cesarean section, observed 
for number of demographic, morphologic, and obstetric characteristics after adjustment by stepwise 
logistic regression. Patients with high body mass index (BMJ) and high gestational weight gain were 
noted to have elevated odds ratios. Nulliparous patients, private patients, and older patients, were 
at increased risk. Patients delivering macrosomic infants appeared to be at greatest risk. Taller 
patients and teenagers had reduced odds ratios. Adjusted trends tests demonstrated significant risk 
for unscheduled cesarean section associated with increasing body mass index, matinal weight gain, 


and birth weight {p < 0.0001). 


Although this is a longitudinal retrospective study 
with some of the attendant disadvantages, it would be 
very difficult to execute a randomized study to assess 
the effects of maternal weight gain. Relying on patient 
recall for prepregnancy weight may be considered a 
limitation of this study, but Susser’* observed that “pa- 
tient reported wéight has been shown to be reliable 
within a standard deviation of about 1.5 kg.” In com- 
parison with previous studies, the present investigation 
may be more accurate in that the duration of the preg- 
. nancy, and the outcome variables were either deter- 
mined by measurement or ascertained by attending ob- 
steiric staff. Patients with selected medical and surgical 
illnesses were excluded. Also, this study has the advan- 
tage of reflecting recent improvements in obstetric, an- 
esthetic, and pediatric care. 

The question of what is the optimal weight gain im 
pregnancy is clearly a very complex issue. In this study 
we found that both increasing prepregnancy weight 


and increasing gestational weight gain were associated 
with increased frequencies o7 fetal macrosomia, labor 
abnormalities, postdatism, meconium staining, and un- 
scheduled cesarean section and with a decreased fre- 
quency of LBW. We have elected to focus the discussion 
mostly on the association of maternal weight gain to 
birth weight and unscheduled cesarean section rate. 
In assessing the clinical implications of the body mass 
index, it may be important to evaluate maternal weight 
and height individually because there may be marked 
variations in these characteristics for women of similar 
body mass index. For example, in the National Acad- 
emy of Sciences medium body mass index category, 
maternal weight could vary from 88 to 202 pounds 
(229% increase) whereas height could vary from 55.9 
inches to 74 inches (132% increase). In the present 
study, in the adjusted analyses of unscheduled cesarean 
section, height exhibited a more significant effect than 
body mass index or prepregnancy weight. Maternal 
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Table V. Gestational age >42 weeks 


Characteristic 


Prepregnancy weight quartile (Ib) 
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. Odds ratio and 95% Adjusted odds ratio and 
% confidence interval p Value 95% confidence interval p Value 


1* (=116) ; — — — — 

2 (117-132) 8.5 1.2 (0.84-1.72) 0.31 — 0.68 

3 (133-155) 12.7 1.89 (1.34-2.65) 0.0001 1.75 (1.32-2.33) 0.0001 

4 (>155) 11.1 1.62 (1.14-2.29) 0.007 1.56 (1.14-2.33) 0.0001 
Height (in) 

1 (<62) 6.9 — — -l — 

2 (62-65) 10.3 1.56 (1.05-2.32) 0.028 ~~ 0.23 

3 (>65) 10.4 1.57 (1.04-2.36) 0.0321 — 0.92 
Body mass index category, Na- 

tional Academy cf Science 

Low* (<19.8) 8.1 — — — — 

Medium (19.8-26) 9.7 1.22 (0.896-1.66) 0.207 ~ 0.06 

High (27-29) 12.2 1.58 (1.03-2.4) 0.0341 = 0.13 

Obese (>29) 11.5 1.49 (1.01-2.2) 0.043 ~ 0.025 
Weight gain (lb) 

1* (<16) 8.5 — ~ — 

2 (16-25) 8.3 0.98 (0.63-1.5) 0.913 1.03 (0.65-1.62) 0.89 

3 (26-35) 9.] 1.08 (0.73-1.61) 0.693 1.16 (0.76-1.76) 0.47 

4 (>35) HE7 1.42 (0.98-2.06) 0.06 1.33 (0.90-1.98) 0.14 
Weight gain, National Academy 

of Science 

Obese plus high 11.9 TL2 T-2939) 0.0001 — — 

Within range 9.5 1.3 (0.97-1.9) 0.075 — — 

Low* 1.2 — _ — 
Ethnic group ; 

White* 11.9 — — oo — 

Black 7.0 0.553 (0.43-0.71) 0.0001 0.64 (0.48-0.85) 0.0016 

Other 3.6 0.28 (0.7-1.15) 0.059 = 0.08 
Private physician 

No* 10.1 — — = — 

Yes 3. 0.34 (0.12-0.93) 0.028 0.28 (0.1-0.79) 0.014 
Married 

No* 8.7 — =- — 

Yes 11.2 1.31 (1.04-1.65) 0.023 — 0.54 
Tobacco, alcohol, drugs 

No* 8.7 — — — — 

Yes 11.9 1,42 (1.122-1.8) 0.003 1.4 (1.08-1.82) 0.0085 
Maternal age (yr) 

<20 9.4 0.83 (0.63-1.09) 0.171 — 0.77 

20-26* 11.1 — — ~ — 

>26 7.9 0.69 (0.5-0.94) 0.018 0.67 (0.49-0.91) 0.008 
Birth weight (kg) 

<2.5 0.0 — _ — 

2.5-4.0* 9.1 — — — — 

>4.0 17.0 2.04 (1.52-2.75) 0.0001 1.9 (1.37-2.6) 0.0001 


Overall incidence 9.8%. 
*Reference group. 


height probably serves as a better reflection of pelvic 
size when analyzed alone than when expressed in the 
ratio that defines body mass index. 

A marked increase in fetal macrosomia was noted 
with increasing maternal body mass index. The ad- 
justed odds ratios for maternal weight gain and pre- 
pregnancy weight were both markedly elevated. The 
model used for adjustments assumed that these char- 
acteristics are additive, because no interactions were 
detected. If these associations were additive, women 
with a body mass index >29 who gain >30 pounds 


during pregnancy would be predicted to have a four- 
fold to fivefold increase in the odds ratio for macro- 
somia in comparison with the reference population. 
These preliminary findings suggest that it might be 
advisable to limit weight gain in obese pregnant women. 
These results are at variance with previous studies re- 
porting that in obese women weight gain did not influ- 
ence birth weight. However, several of these studies did 
not adjust for medical-surgical illnesses and were char- 
acterized by smaller numbers.*"' Their results might 
have been influenced by type H statistical error. 
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1* (=116) 6.4 — — — — 

2 (117-152) 7.9 1.26 (0.86-1.85) 0:23 — 0.88 

3 (133-155) 7.9 1.26 (0.86-1.85) 0.24 — 0.72 

4 (>155) 9.0 1.46 (1.003-2.13) 0.05 — 0.12 
Height (in) 

1* (<62) 9.0 _ — — — 

2 (62-65) 8.6 0.96 (0.66-1.38) 0.81 — 0.20 

3 (>65) 6.0 0.65 (0.43-0.98) 0.04 0.57 (0.42-0.78) 0.0004 
Body mass index category, Na- l 

tional Academy of Science 

Low* (<19.8) 6.2 — — — — 

Medium (19.8-26) Tat 1.26 (0.89-1.79) 0.19 — 0.42 

High (27-29) 10.8 1.78 (1.11-2.81) 0.015 — 0.10 

Obese (>29) 8.7 1.45 (0.94-2.25) 0.09 — 0.34 
Weight gain (lb) 

1* (<16). 6.0 a ~ — — 

2 (16-25) 5.5 0.918 (0.55-1.54) 0.746 0.96 (0.56-1.65) 0.89 

3 (26-35) 7.2 1.223 (0.77-1.93) 0.388 1.22 (0.76-1.97) 0.40 

4 (>35) 10.0 1.746 (1.14-2.67) 0.010 1.53 (0.97-2.41) 0.059 
Ethnic group 

White* T2 = _ — 

Black 8.6 1.22 (0.93-1.59) 0.14 1.68 (1.26-2.25) 0.0003 

Other ‘TA 1.03 (0.87-2.9) 0.95 — 0.82 
Married 

No* ‘8.6 == _ — — 

Yes 6.7 0.77 (0.59-1.003) 0.05 — 0.08 
Private physician 

No* 7.4 ~ — — — 

Yes 17.0 2.54 (1.5-4.3) 0.0001 2.63 (1.48-4.68) 0.0008 
Parity 

é 11.3 — — — — 

>l 5.2 0.44 (0.33-0.57) 0.0001 0.34 (0.25-0.46) 0.0001 
Fetal sex male 

No* 6.5 — — — — 

Yes 9.0 1.42 (1.09-1.85) 0.009 1.36 (1.03-1.80) 0.02 
Maternal age (yr) 

<20 id 0.99 (0.67-1.22) 0.50 0.65 (0.47-C.91) 0.01 

20-26* 8.5 — — — — 

>26 6.3 0.73 (0.51-1.04) 0.08 — 0.81 
Hypertension 

No* 7.5 — — — — 

Yes 12.9 1.84 (1.15-2.94) 0.009 — 0.16 
Birth weight (kg) 

<25 1.4 0.188 (0.026-1.36) 0.06 — 0.06 

2.5-4.0% 6.8 — — — — 

>4.0 16.3 2.679 (1.96-3.67) 0.0001 3.18 (2.25-4.495) 0.0001 


Overall incidence 7.8%. 
*Reference group. 


The increased risks associated with high prepreg- 
nancy weight and high weight gain during pregnancy 
observed in this study have been amply demonstrated 
in many previous studies.* * '*? Yet the recent National 
Academy of Science recommendations advocate in- 
creasing maternal weight gain during pregnancy. 
These recommendations appear to be based primarily 
on earlier observations that (1) LBW is associated with 
increased perinatal mortality and infant morbidity and 
(2. increased maternal weight gain is associated with 


lower rates of LBW. The inference has been drawn that 
increasing maternal weight gain will reduce the fre- 
quency of LBW and thereby reduce perinatal mortality 
and morbidity.? These assumptions may be dangerous 
and costly oversimplifications. 

The causes of LBW are myriad and some are more 
hazardous than others.'* © Prematurity accounts for a 


' significant portion of LBW babies. A major portion of 


LBW term infants have no underlying fetal or maternal 
abnormalities. These infants are born small for familial 
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Table VII. FHR abnormalities 










Adjusted odds ratio and 
95% confidence interval 





Characteristic p Value 


Odds ratio and 95% 
% confidence interval p Value 


Prepregnancy weight quartile (ib) 


1* (<116) ` 25.8 — — — — 

2 (117-132) 26.3 1.025 (0.82-1.28) 0.83 © — 0.92 

3 (133-155) 26.4 1.033 (0.83-1.29) 0.78 — 0.98 

4 (>155) 29.5 1.207 (0.97-1.51) 0.10 — 0.52 
Height (in) 

1* (<62) 31.4 — — — 

2 (62-65) 26.9 0.806 (0.64-1.01) 0.06 — 0.88 

3 (>65) 25.2 0.736 (0.58-0.94) 0.01 — 0.08 
Body mass index category, Na- 

tional Academy of Science 

Low* (<19.8) 23.0 — — — ; — 

Medium (19.8-26) 27.2 1.25 (1.023-1.54) 0.03 — 0.11 

High (27-29) 29.1 1.38 (1.029-1.85) 0.03 — 0.17 

Obese (>29) 31.0 1.506 (1.164-1.95) . 0.002 1.33 (1.06-1.67) = 001 
Weight gain (lb) 

1* (<16) ’ 21.6 — — — — 

2 (16-25) 19.4 0.96 (0.73-1.26) 0.771 — 0.83 

3 (26-35) ; 18.3 1.09 (0.86-1.38) 0.489 — 0.67 

4 (>35) 25.0 1.09 (0.86-1.38) 0.489 — 0.29 
Ethnic group l 

White* 24.9 — — — — 

Black 30.2 1.30 (1.108-1.53) 0.001 1.36 (1.15-1.51) 0.0003 

Other 22.2 0.86 (0.45-1.65) 0.65 — 0.89 
Gestational age =42 wk 

No* 25.9 — = — — 

Yes ` 37.1 1.69 (1.32-2.16) 0.0001 1.84 (1.42-2.38) 0.0001 
Private physician 

No* 26.7 — — — — 

Yes 34.0 1.41 (0.94-2.13) 0.10 — 0.08 
Parity 

1* 32.6 — — — 7 — 

>] 22.9 0.616 (0.53-0.72) 0.0001 0.55 (0.46-0.66) 0.0001 
Fetal sex male 

No* 24.0 — — — — 

Yes 29.9 1.355 (1.16-1.59) 0.0001 1.38 (1.17-1.63) 0.0001 
Maternal age (yr) 

<20 29.3 1.25 (1.04-1.50) 0.02 — 0.93 

20-26* 24.8 — — — — 

>26 28.4 1.198 (0.98-1.46) _ 0.08 1.385 (1.129-1.699) 0.0014 
Hypertension 

No* 26.5 — —- — — 

Yes l 35.9 1.55 (1.13-2.15) 0.007 — 0.12 
Birth weight (kg) 

<2.5 31.1 1.179 (0.715-1.94) 0.52 — 0.28 

2.5-4.0* 27T — — — — 

>4.0 . 20.9 0.69 (0.531-0.901) 0.006 0.65 (0.49-0.87) 0.003 


Overall incidence 27%. 
*Reference group. 


or constitutional reasons. In the absence of asphyxial 
insults, which are mostly preventable, these babies have 
excellent outcomes.’* Y An increase in maternal weight 
gain may reduce the frequency of this type of LBW 
infant, but there is little if any evidence of an associated 
improvement in perinatal mortality or morbidity. 
Intrinsic abnormalities in the fetus (congenital anom- 
alies, infections, chromosomal abnormalities, etc.) ac- 
count for a small percentage of LBW infants but con- 
tribute significantly to poor outcomes, including death 


and morbidity. Maternal illnesses account for another 
portion of LBW infants, and asphyxial complications 
are primarily responsible for the poorer outcome noted 
in these cases. Unfortunately, in prior studies of the 
mortality and morbidity associated with LBW, the con- 
sequences of prematurity, intrinsic fetal abnormalities, 
and asphyxial events were not taken into consideration. 
There is little experimental or clinical evidence that 
increased maternal weight gain in pregnancy will re- 
duce the wastage associated with these forms of LBW. 
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Table VIII. Meconium-stained amniotic fluid 


Odds ratio and 95% Adjusted odds ratio and 
% conjidence interval p Value | 95% confidence interval 


















Characteristic p Value 


Prepregnancy weight quartile (1b: 


1* (116) 17.7 — — — — 

2 (117-132) 21.0 1.237 (0.97-1.59) 0.09 1.29 (0.99-1.68) 0.49 

3 (133-155) 22.5 1.348 (1.05-1.73) 0.02 1.44 (1.11-1.87) 0.005 

4 (>155) 25.2 1.571 (1.23-2.00) 0.0001 1.71 (1.3-2.2) 0.0001 
Height (in) 

1* (<62) 21.7 — — — — 

2 (62-65) 2501 1.08 (0.84-1.39) 0.54 — 0.61 

3 (>65) 19.1 0.849 (0.65-1.11) 0.24 0.70 (0.58-0.85) 0.0003 
Body mass index category, Na- 

tional Academy of Science 

Low* (<19.8) 16.5 — — — — 

Medium (19.8-26) 21.6 1.39 (1.11-1.75) 0.004 — 0.94 

High (27-29) 26.7 1.84 (1.35-2.52) 0.0001 — 0.37 

Obese (>29) 25.8 1.756 (1.33-2.33) 0.0001 — 0.89 
Weight gain (lb) 

1* (<16) 21.6 — — — — 

2 (16-25) 19.4 0.874 0.38 0.99 (0.73-1.36) 0.98 

3 (26-35) 18.3 0.816 0.15 0.99 (0.74-1.34) 0.98 

4 (>35) 25.0 1.214 0.14 1.44 (1.09-1.89) 0.009 
Ethnic group 

White* 18.8 — — — — 

Black 25.7 1.5 (1.3-1.49) 0.0001 1.70 (1.41-2.06) 0.0001 

Other 18.5 ‘0.98 0.95 — 0.65 
Married 

No* 23.8 — — — — 

Yes 18.8 0.737 (0.62-0.88) 0.001 — 0.14 
Tebacco, alcohol, drugs 

No* Zbl om — — — 

Yes 22.4 1.081 0.39 1.29 (1.07-1.58) 0.008 
Parity 

IF 23.8 — —— — — 

>] 19.9 0.79" (0.67-0.95) 0.009 0.7 (0.58-9.85) 0.0002 
Maternal age (yr) 

<20 22.7 1.19 (0.98-1.46) 0.08 — 0.92 

20-26* 19.8 — — — — 

>26 23.7 1.26 (1.02-1.56) 0.03 1.33 (1.06-1.66) 0.012 
Education 

<12th Grade 22.9 1.143 0.14 1.21 (1.00-1.45) 0.04 

12th Grade* 20.5 — — — — 

>12th Grade 20.4 0.99 0.94 — 0.76 
Birth weight (kg) 

<2.5 16.2 0.72 (0.39-1.34) 0.30 — 0.28 

2.5-4.0* 21.2 — — — — 

>4.0 25:9 1.253 (0.98-1.62) 0.07 1.31 (0.99-1.7) 0.046 


Overall incidence 21.5%. 
*Reference group. 


In fact, Kleinman" in a study of 3946 cases of white 
non-Hispanic women found that total maternal weight 
gain tended to overstate the association betweer ma- 
ternal weight gain and fetal growth. He recommended 
the use of net weight gain rate (total maternal weight 
gain minus baby’s birth weight divided by weeks of 
gestation) to assess these interrelationships. With this 
measure of maternal weight gain he found that an in- 
creased net weight gain was linked to a significant de- 
crease in the frequency of term LBW infants only in 
women of moderate body mass index (19.8 to 26.9}. In 


obese patients (body mass index >26.0), an increased, 


net weight gain tended to increase the frequency of 
term LBW infants. Increases in net weight gain ap- 
peared to have little impact on the frequency of pre- 
term LBW, regardless of the mother’s body mass index. 

In the present study we attempted to estimate the 
public health implications of our findings by predicting 
the national costs, in terms of rates of unscheduled 
cesarean section and low birth weight relative to dif- 
ferences in maternal weight gain. The recent National 
Academy of Science recommendations for weight gain 
in pregnancy’ specify 28 to 40 pounds for a body mass 
index <19.8, 25 to 35 pounds for a body mass index 
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of 19.8 to 26, 15 to 25 pounds for a body mass index . 


of 27 to 29, and at least 15 pounds for a body mass 
index >26 to 29. With these ranges (and 15 to 25 pound 


range for a body mass index >29) we calculated the © 


cesarean section rates for patients according to whether 
their weight gain was below, within range, or above the 
National Academy of Science recommendations. The 
unscheduled cesarean section rates were 7.7%, 9.6%, 
and 16.6%, respectively, for these three groups. With 
multiple logistic regression we found that if weight gain 
was limited in all cases to the maximum National Acad- 
emy of Science recommendation, the predicted un- 
scheduled section rate was 9.7% (Table IX). [fall weight 
gain was limited to the lowest NAS recommendation, 
the predicted unscheduled section rate was 8.1%. As- 
suming our statistical model is correct and that our 
patient population reflects the national situation, a de- 
crease in cesarean section rate from 11:9% to 8.1% 
nationally could result in annual savings of $253 to $436 
million dollars.’ 

A theoretic reduction in body mass index values to 
a maximum of 29 or even 26 would be expected to 
reduce the unscheduled cesarean section rate by only 
0.4% to 0.9% (Table IX). The greater effect of limiting 
gestational weight gain is due to the higher prevalence 
of excessive gestational weight gain compared with high 
body mass index in this population. 

These theoretic reductions in maternal weight would 
be predicted to also increase the frequencies of LBW. 
The LBW rates associated with maternal weight gain 
below, within range, or above National Academy of 
Science recommendations were 4.7%, 1.8%, and 1.1%, 
respectively. Again with multiple logistic regression, we 
found that limiting all weight gain to the maximum 
National Academy of Science recommendations 
yielded a predicted LBW rate of 2.5% (Table X). If all 
weight gain was limited to the lowest National Academy 
of Science recommendation, the predicted LBW fre- 
quency was 3.0%. Again, the predicted influence of 
reduced body mass index is a lesser increase in LBW 
frequency. Limiting body mass index to a maximum of 
29 or 26 results in a predicted increase in LBW rate of 
only 0.1% to 0.2% (Table X). 

Assuming our statistical model is correct and that this 
study population reflects the national experience with 
LBW, we estimate that an increase in the national fre- 
quency of this type of low birth weight from 2.3% to 
3.3% would result in additional hospital expenses of 
about $1 to $2 million dollars per annum. Recent 
studies have shown no increase in long-term morbid- 
ity.'”?°*! The net effect appears to argue strongly for 
limiting weight gain in pregnancy. 

In summary, the results of this study indicate that 
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Table IX. Predicted unscheduled cesarean 
` section rates with decreased weight gain and 
body mass index: “ 






' Body mass index 


Weight gain 

Observed. 11.9 11.4 - 11.0 
Compliant 9.7 G93 9.0 
Low . 8.1 rE 7.5 


Table X. Predicted LBW rates according to 
gestational weight gain and body mass index 






Body mass index 


Weight gaim 

Observed 2.3 2.4 2.5 
Compliant BOD % 2.6 Z 
Low 3.0 3.1 3.3 


either high prepregnancy weight or high weight gain 
during pregnancy lead to increased cesarean sections 
and other complications. These complications seem to 
outweigh any purported medical benefits. Further- 
more, the additional expenses required to deal with 
these consequences on a national basis could be sub- 
stantial. Recent recommendations advising additional 
weight gain in pregnancy need further evaluation be- 
fore implementation. 


REFERENCES 


J. Report of a special panel on desired prenatal weight gains 
for underweight and normal weight women. Public 
Health Rep 1990;105:24-8. 

2. Worthington-Roberts B. Directions for research on 
women and nutrition. Am J Health Promotion 1990;5: 
63-9. 

3. Ruge S, Andersen T. Obstetric risks in obesity: an analysis 
of the literature. Ob/Gyn Surv 1985;40:57-60. 

4. Seidman DS, Ever-Hadani P, Gale R. The effect of ma- 
ternal weight gain in pregnancy on birth weight. Obstet 
Gynecol 1989;74:240-6. 

5. National Academy of Science. Nutrition during preg- 
nancy. Washington, DC: National Academy Press, 1990. 

6. Committee on Maternal Nutrition. Maternal nutrition 
and the course of pregnancy. Washington, DC: National 
Academy of Sciences, 1970. 

7. Task Force on Nutrition. Assessment of maternal nutri- 
tion. Chicago: American College of Obstetricians and Gy- 
necologists, American Dietetic Association, 1978. 

8. Abrams BF, Laros RK. Prepregnancy weight, weight gain, 
and birth weight. AM J OBSTET CINEGOL 1986;154: 

- 503-9. 

9. Shepard MJ, Hellenbrand KG, Bracken MB. TE 

weight gain and complications of pregnancy, labor, and 


370 Johnson, Longmate, and Frentzen 


delivery in healthy women of normal prepregnant stature. 
AM J OBSTET GYNECOL 1986;155:947-54. 

10. Larsen CE, Serdula MK, Sullivan KM. Macrosomia: in- 
fluence of maternal overweight among a low-income pop- 
ulation. AM J OBSTET GYNECOL 1990; 162:490-4. 

1]. Frentzen BH, Dimperio DL, Cruz AC. Maternal weight 
gain: effect on infant birth weight among overweight and 
average-weight low-income women. AM J OBSTET GYNE- 
COL 1988;159:1114-7. 

12. Scott A, Moar V, Ounsted M. The relative contribution 
of different maternal factors in large-for-gestational-age 
pregnancies. Eur J Obstet Gynecol Reprod Biol 
1982;13:269-77. 

13. Johnson SR, Kolbert BH, Varner MW, Railsback LD. Ma- 
ternal obesity and pregnancy. Surg Gynecol Obstet 
1987;164:431. 

14. Susser M. Review of dietary behavior during pregnancy. 
In: Dobbing J, ed. Maternal nutrition in pregnancy: eat- 
ing for two? London, Academic Press, 1981:64-5. 

15. Gabbe SG. Intrauterine growth retardation. In: Gabbe 
SG, Niebyl JR, Simpson JL, eds. Obstetrics—-normal and 
problem pregnancies, ed 2. New York: Churchill Living- 
stone 1991:924. 

16. Creasy RK, Resnik R. Intrauterine growth retardation. 
In: Creasy RK, Resnik RK, eds. Maternal fetal medicine: 
principles and practice, ed 2. Philadelphia: WB Saunders, 
1989:547, 

17. Fanaroff AA, Martin RJ, Miller MA. Identification and 
management of high-risk prob-ems in the neonate. In: 
Creasy RK, Resnik RK, eds. Maternal fetal medicine: prin- 
ciples and practice, ed 2. Philadelphia: WB Saunders, 
1989:1167. 

18. Kleinman JC. Maternal weight gain during pregnancy: 
determinants and consequences. Washington, DC: U.S. 
Department of Health and Human Services, National 
Center for Health Statistics, 1990; Working Paper Series, 
no. 33. 

19. Schwarz RH. Presidential address to the American Col- 
lege of Obstetricians and Gynecologists. ACOG Newslet- 

_ ter 1991; August:2. ` 

20. Westwood M, Kramer MS, Munz D, Lovett JM, Watters 
GV. -Growth and development of full-term nonas- 
phyxiated small-for-gestational newborns: follow-up 
through adolescence. Pediatrics 1983;71:376-82. 

21. Berg AT. Indices of fetal growth-retardation, perinatal 
hypoxia-related factors and childhood neurological mor- 
bidity. Early Hum Devel 1989;19:271-83. 
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discussions were presented. 


Discussion 


Dr. BARRY Gross, Newport News, Virginia. Johnson 
et al. examine carefully the emphasis placed in recent 
years on the notion that “more is better” when referring 
to weight gain in pregnancy. It has been widely held 
that this emphasis on maximizing pregnancy weight 
gain reached its pinnacle in 1989 with the publication 
of results from the National Natality Study by the Na- 
tional Center for Health Statistics.’ It was noted in that 
publication that LBW was 2.3 times more likely, and 
fetal death 1.5 times more likely, in women who gained 
<20 pounds during pregnancy when compared with 
those who gained >20 pounds. In addition, it was noted 
that 20% of all black mothers in 1980 gained <16 
pounds during pregnancy and had the poorest preg- 
nancy outcomes. These results might lead one to believe 
that there is a direct correlation between the amount 
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of weight gained in pregnancy and the health of the 
baby delivered and that increasing the amount of 
weight gained in pregnancy will reduce the incidence 
of LBW infants. Johnson et al. have demonstrated that 
while this may indeed be true in women who start preg- 
nancy at lower body weights, it does not translate with 
the same validity to those women who begin pregnancy 
overweight. 

The first published study of diet and pregnancy was 
by Prochownick? in 1901. This work demonstrated that 
restricted food intake throughout pregnancy reduced 
the birth weights of males by approximately 400 gm 
and those of females by 500 gm. Indeed, over the past 
century there have been many varying changes in rec- 
ommendations regarding weight gain in pregnancy. 
Over most of this ume the recurrent theme was re- 
striction of caloric intake, because it was felt that this 
restriction could prevent large babies and associated 
difficult labors and deliveries.* + ‘This approach is en- 
tirely understandable because maternal mortality was 
very high and delivery by cesarean section was often 
an act of desperation. Later in the century controlling 
weight gain during pregnancy was advocated to pre- 
vent toxemia. 

Studies published in the 1950s, 1960s, and early 
1970s generally indicated that an average weight gain 
of 12.5 kg (27.5 Ib) was considered normal. In 1970 
the Food and Nutrizion Board’s Committee on Mater- 
nal Nutrition and, a few years later, the American Col- 
lege of Obstetricians and Gynecologists published the 
average desirable weight gain as 24 pounds.” In fact, 
the recommended gestational weight gains have essen- 
tially doubled between 1930 and 1990, from 15 pounds 
in 1930 to 30 pounds in the late 1980s. 

Before publication of the National Natality Study, 
generally recommended weight gain was on the order 
of 10 to 12 kg (22 to 27 pounds) during pregnancy. 
Mirroring the findings of that study, most publications 
in obstetrics at that time, including Standards of the 
American College cf Obstetricians and Gynecologists, 
generally noted that regardless of how much women 
weigh before they become pregnant, the gaining of 
between 26 and 30 pounds during pregnancy could 
improve the outcome of pregnancy and reduce their 
chances for having the pregnancy end with fetal mor- 
bidity." 

There is little doubt that the plight of the LBW infant 
has deserved the highest order of attention by our spe- 
cialty. A large body of evidence indicates that the 
amount of gestational weight gain is a determinant of 
fetal growth. Lower total weight gains are associated 
with an increased risk of LBW babies with higher peri- 
natal mortality. In this paper, Johnson et al., have re- 
focused our attention to the opposite end of the con- 
tinuum, excessive maternal weight gain and its out- 
come. Both increasing maternal prepregnancy weight 
and increasing maternal gestational weight gain were 
found to be associated with increased frequencies of 
fetal macrosomia, labor abnormalities, FHR abnor- 
malities, postdatism, meconium staining, and unsched- 
uled cesarean section. 
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Indeed, most studies have demonstrated an in- 
creased risk of hypertension, preeclampsia, and ges- 
tational diabetes in patients manifesting excessive ma- 
ternal weight gain. Babies are bigger, and cesarean sec- 
tion rates are higher. Higher birth weights are 
associated with prolonged labor, shoulder dystocia, 
birth trauma, and asphyxia. Many believe that post- 
partum hemorrhage, puerperal infection, and venous 
thrombosis are more common. Surgical morbidity and 
mortality rises, because patients are more difficult to 
administer anesthesia to, have more postanesthesia 
complications, and have mere wound complications. 

Although the encouraging of weight gain has been 
seen as a means by which we might lower the number 
of LBW babies, it is clear that the weight that is gained 
is not always either nutritionally adequate or appro- 
priate. Weight gain is often not a reflection of a nutri- 
tionally balanced diet." 

Johnson et al. used both actual maternal weight gain 
and body mass index as tools in this evaluation. Of 
interest is body mass index, which is defined as pre- 
pregnancy weight in kilograms divided by height in 
meters squared (or “weight for height”) and has been 
endorsed by the National Academy of Science, in their 
1990 publication Nutrition During Pregnancy, as a tool 
for patient evaluation. Johnson et al.’s data appear to 
demonstrate what others have noted, e.g., that in the 
initial risk assessment of outcomes related to maternal 
weight, the calculation of maternal body mass index 
offers no advantage over simply weighing the patient." 

It is well known that the effect of gestational weight 
gain on fetal growth is modified by the mother’s pre- 
pregnancy weight for height. Multiple studies have 
demonstrated that the effect of a given weight gain (or 
rate of weight gain) on fetal growth is greatest in thin 
women and least in overweight women.” Prepreg- 
nancy weight for height, or body mass index, can be a 
determinant of fetal growth independent of the effect 
of gestational weight gain. Studies show that women 
who are thinner before pregnancy tend to have babies 
that are smaller than those of their heavier counterparts 
with the same gestational weight gain. A desirable preg- 
nancy weight gain seems to be, in general, inversely 
proportional to the body mass index of the patient.” 
Studies also suggest that increases in maternal fat, lean 
tissue, and body water may each be associated with 
increased fetal growth. Problems associated with this 
increased fetal growth, as demonstrated by Johnson et 
al., appear to be more pronounced in short women 
(high body mass index). 

The data presented by the authors clearly suggests 
that there are many good reasons to suggest limitations 
on weight gain in selected pregnancies. Although this 
principle is at variance with many of the nutritional 
guidelines published in the mid 1980s, it does agree 
with the most recent (1990) suggestions by the National 
Academy of Science. The Academy has divided all 
pregnancies into four groups by determining prepreg- 
nancy weights-for-heights. As one might expect, as the 
individual groups’ body mass index increased, its sug- 
gested weight gain decreased. Individualization of 
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weight gain and appropriate dietary instruction there- 
fore would seem to be the prescribed manner to ap- 
proach the topic of appropriate pregnancy weight gain. 

Although the degree of weight gain restriction in the 
overweight pregnant woman may be debated (as it has 
over the past 91 years), it is clear from this study by 
Johnson et al. that only by aggressively managing the 
weight gain of patients from both ends of the pre- 
pregnancy weight spectrum and pregnancy weight gain 
spectrum will we be able to reduce significantly mater- 
nal and neonatal morbidity and mortality and the as- 
sociated physical and financial resources that those 
morbidities exhaust. 
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Dr. HERBERT G. HOPWOOD, JR., Arlington, Virginia. 
I would like to ask Dr. Johnson if he had an increase 
in shoulder dystocia in his patients compared with his 
controls? 

Dr. GENE BuRKETT, Miami, Florida. The bottom line 
is what is the ideal pregnancy weight gain? Have you 
looked at the prepregnancy weight differences with the 
postpartum ‘weight and related that to outcome as a 
means of trying to devise in your four groups what the 
ideal prepregnancy weight gain for each group might 
be? 

Dr. JOHN F. HUDDLESTON, Atlanta, Georgia. Many 
of the studies associated with weight gain in pregnancy 
seem to take the extremes in weight gain rather than 
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looking at the time course of weight gain. I think from 
a clinical point of view many: of us are more concerned 
with the abrupt weight gain than the steady weight gain. 
I wonder if the time course was considered in this study. 

Dr. JOHN J. BRITTON, Sumpter, South Carolina. Ob- 
viously, with increasing postdatism we get more fetal 
macrosomia and meconium staining of the amniotic 
fluid, but the data seem to indicate that excessive ma- 
ternal weight gain during pregnancy or the obese pa- 
tient who was obese before pregnancy tends to increase 
postdatism. Why does this group appear to have an 
increase in postdatism? 

Dr. JOHNSON (Closing). The question of what is the 
optimal weight gain in pregnancy is an emotional and 
controversial issue; and it has beer: for a very long time, 
probably because of its complexity. 

We found the incidence of shoulder dystocia to be 
significantly increased if there was macrosomia. That 
seemed to be the major determinant as to whether 
shoulder dystocia was diagnosed. We do not have anal- 
yses that would lead us to conclude what is the optimal 
prepregnancy weight. I think that the National Acad- 
_emy of Science has chosen ideal body weight, the basis 
of the Metropolitan Life Insurance data of 1959, to be 
a body mass index of 19 to 26, that is, 90% to 110% of 
ideal body weight. 
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Dr. Huddleston raised an interesting point about the 
time course of weight gain during pregnancy. We did 
not look at that in our population. That would be a 
difficult and time-consuming task because we cannot 
retrieve that information from cur computerized data 
bank. Dr. Kleinman looked at the rate of weight gain 
during pregnancy and did not report any birth weight 
differences from those that we have reported here.’ 

Why an increase in postdatism occurs is a very good 


- question. We have tried to analyze this from our data. 


It does occur if the mother eners pregnancy above 
ideal weight or if she gains excessive weight during the 


' course of the pregnancy. The increase in postdatism 


persists even after adjusting for macrosomia. We do 
not have a ready explanation other than it appears that 
excessive weight leads to prolonged pregnancy, rather 
than the converse. 
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A prospective randomized clinical trial comparing two 


oxytocin induction protocols 


Peter R. Muller, MD, Thomas M. Stubbs, MD, and Sherry L. Laurent, PhD 


Charlotte, North Carolina 


OBJECTIVE: Our objective was to compare the safety and efficacy of two accepted oxytocin induction 


protocols that differ in oxytocin dose increments. 


STUDY DESIGN: At the Carolinas Medical Center in Charlotte, North Carolina, 151 women with 
indications for induction of labor were prospectively randomized into one of two oxytocin induction 
protocols. Safety and efficacy of the two protocols were analyzed with two-tailed t tests and x’. 

RESULTS: Time from induction to establishment of a regular labor pattern was significantly shorter in the 
experimental group compared with the traditional group (p = 0.03). However, no significant difference was 
seen from onset of induction to time of delivery. Incidences of hyperstimulation were not significantly 
different between the two protocols, but there was a trend toward a higher incidence of fetal heart rate 


changes in the experimental group (p = 0.08). 


CONCLUSION: These data suggest that induction with larger dose increments will shorten time to 
adequate labor without an associated increase in uterine hyperstimulation or poor neonatal outcome. The 
differences in heart rate changes are concerning and merit further investigation. lf confirmed by further 
studies, an increased risk of cord compression could outweigh the benefit of a faster onset of contractions. 


(Am J OBsTET GYNECOL 1992;167:373-81.) 
Key words: Oxytocin, labor 


Since Theobald et al.' first described the use of con- 
tinuous intravenous oxytocin in 1948, multiple proto- 
cols have been advocated by various authors for the 
use of oxytocin in the induction of labor. These oxy- 
tocin induction protocols vary in the initial dose, the 
time interval between dose increases, and the size of 
the dose increase. 

Seitchik et al? demonstrated in vivo that oxytocin 
concentrations reach steady state after 30 to 40 minutes. 
This finding has led to the formation of oxytocin in- 
duction protocols with interval increases of =30 min- 
utes,” including the protocol listed by The American 
College of Obstetricians and Gynecologists (ACOG) 
Technical Bulletin No. 110.8 The University of Texas 
Health Science Center in San Antonio presented a sim- 
ilar time interval between increases of continuous oxy- 
tocin, but it varied from the ACOG protocol by its larger 
rate increments.’ The question arises as to whether 
these larger rate increments, which obtain higher oxy- 
tocin dosages sooner, may shorten the time from in- 
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duction to labor and delivery without increasing the 
risk to the fetus. 

The purpose of our study was to compare two oxy- 
tocin induction protocols: the one listed by ACOG and 
one similar to that presented by the University of Texas 
Health Science Center in San Antonio. Safety and ef- 
ficacy were assessed for each protocol by comparing 
hyperstimulation, fetal distress, time from induction to 
labor, and time from induction to delivery. 


Material and methods 


This randomized, prospective study was performed 
at the Carolinas Medical Center after the approval of 
the Institutional Review Board of the medical center. 
A total of 151 patients with indication for induction of 
labor consented to participate in the study and were 
randomized to one of the two induction protocols de- 
scribed below. Randomization was performed only af- 
ter the patient agreed to be in this clinical trial and was 
by computer-generated random assignment with 
sealed, opaque envelopes. Clinical management was by 
house officers with immediate inhouse consultation 
available at all times. 

Inclusion criteria were a gestational age of 37 to 42 
weeks, cephalic presentation, an adequate pelvis by clin- 
ical pelvimetry, no more than one prior lower segment 
cesarean section, and premature rupture of mem- 
branes with patient not in labor. Patients not in labor 
who received prostaglandin gels for cervical ripening 
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were randomized after receiving the gels. Labor was 
defined as regular contractions with evidence of cer- 
vical change (dilatation or effacement).® Excluded from 
the study were women with an abnormal presentation, 
abruptio placentae, placenta previa, previous vertical 
cesarean section, unknown uterine scar, previous my- 
otomy, twins, polyhydramnios, active genital herpes, 
magnesium sulfate therapy, estimated fetal weight 
=4500 gm, nonreassuring fetal testing results, and reg- 
ular uterine contractions (patients already contracting 
were considered augmentation of labor). 

A total of 76 patients were randomized to the tza- 
ditional protocol, which was modeled after ACOG 
Technical Bulletin No. 110° and which is currently used 
at our center. This will be referred to as the traditional 
protocol. Oxytocin was started at 1 to 2 mU/min aad 
was gradually increased in dose increments of 1 tc 2 
mU/min at 30-minute intervals as needed. The rate 
was increased as needed according to the judgment of 
the nurses and physicians at the bedside. A total of 75 
patients were randomized to the experimental protocol, 
a protocol similar to that described by Blanco and Fin- 
ley.’ This will be referred to as the experimental pro- 
tocol. Oxytocin was started at 1 to 2 mU/min, and each 
new oxytocin rate was doubled from the preexisting 
rate (for example, 1, 2, 4, 8, 16 mU/min). An interval 
of 40 minutes between increases was used. After a level 
of 8 mU/min was reached, less than doubling the rate 
was acceptable if progression to hyperstimulation was 
feared (for example, 8, 10, 12 mU/min). 

For both protocols 20 IU of synthetic oxytocin (Ly- 
pnomed, Fujisawa USA, Deerfield, Il.) was mixed in | 
L 5% dextrose in lactated Ringers’ solution and deliv- 
ered by a secondary intravenous line. Oxytocin infusion 
rate was controlléd by continuous electronic infusion 
pump. Continuous electronic fetal heart rate (FH) 
and contraction monitoring were performed in all pa- 
tients. Amniotomy was performed and an intrauterine 
pressure catheter was placed by the supervising phy- 
sician when clinically indicated. Oxytocin was decreased 
for hyperstimulation, defined as five or more contrac- 
tions in 10 minutes, contraction duration >90 seconds, 
or baseline uterine tone of 25 mm Hg. Oxytocin was 
temporarily discontinued for nonreassuring fetal heart 
rate changes, which included severe variable deceler- 
ations, recurrent late decelerations, prolonged decel- 
erations, or loss of beat-to-beat variability. After 8 -0 
10 hours of oxytocin, if the membranes were intact ard 
the cervix was sull unfavorable, oxytocin was discon- 
tinued and the patient was scheduled for a second or 
third day of induction to be performed the followirg 
day. A Bishop sccre was documented at the beginnirg 
of each induction day.’ 

Epidural anesthesia was not withheld from patients 


participating in this study. The same group of house . 
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officers used the same continuous-infusion, lumbar epi- 
dural technique for patients in both protocols. Assisted 
vaginal deliveries were done only for clinical indication. 

Patient demographics, such as age, race, gravidity, 
parity, and gestational age anc. clinical criteria (indi- 
cation for induction, Bishop score, membrane status, 
cervical dilatation, prostaglandin gels application) were 
obtained from each patient on admission to the study. 
Obstetric outcome (number of days for induction, 
method of delivery, complications associated with de- 
livery) and neonatal outcome (Apgar scores and cord 
pH) were recorded at completion of induction. Type 
and frequency of hyperstimulation episodes and FHR 
patterns were noted by reviewing each fetal monitor 
strip. Temporal data on each patient included onset of 
induction to time of delivery and to time of labor. Labor 
was defined as >150 Montevideo units as measured by 
an intrauterine pressure catheter. When technical con- 
sideration prevented the use of an intrauterine pres- 
sure catheter, labor was defined as three palpably 
strong contractions each lasting 60 seconds during a 
10-minute interval. Timing of rupture of membranes 
and placement of epidural anesthesia were recorded. 
For analysis the timing of epidural placement was cat- 
egorized according to placemenz before or after a reg- 
ular labor pattern was established. If patients required 
more than 1 day of induction, then time to labor and 
time to delivery were calculated with data from the last 
day of induction only. 

Sample size determination was based on the detection 
of a 2-hour difference in total length of labor between 
the two groups. Assuming a standard deviation of 4 
hours in total length of labor, an 80% power, and an 
alpha level of 0.05, a total of 63 women in each group 
was needed.'® A 10% failure rate was assumed, which 
necessitated increasing the enrollment to a minimum 
of 70 women in each group for a total sample size of 
140. 

Two-tailed £ tests were used to determine significant 
differences between the two treatment groups for all 
continuous variables. Significant associations between 
categoric variables was determined with x? analysis. 
Once significant univariate associations were deter- 
mined, then stepwise multiple regression was used to 
examine temporal outcomes multivariately. Stepwise lo- 
gistic regression was used to examine the outcomes of 
hyperstimulation and abnormal FHR patterns. 
Throughout all analysis a p value of 0.05 was used for 
the level of significance. 


Results 

A total of 151 patients were randomized according 
to the protocol, but there were 13 patients who had to 
be deleted from the study because of patient with- 
drawal, placement on regimen of intravenous magne- 
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Table I. Patient demographics comparing 
oxytocin induction groups | 


Traditional | Experimental 


protocol 
, (n = 68) 


protocol 
(n = 70) 





Age (yr, 223 EDS 220 ok 1072 
mean + SD) 
Gestational age (wk, 40.6 + 1.5 405+ 16 0.89 


mean + SD) 


Race (No.) 
Nonwhite 43 (65.2%) 37 (52.9%) 0.24 
White 25 (36.8%) 33 (47.1%) 

Parity (No.) l 
Primigravid 45 (66.2%) 46 (65.7%) 0.95 
Multiparous 23 (33.8%) 


24 (34.3%) 
Previous cesarean ; 
section (No.) 
Yes 4 (5.9%) 4 (5.7%) 0.56 
No 64 (94.1%) 66 (94.3%) 


sium sulfate for worsening preeclampsia, or failure to 
meet the inclusion criteria. Of the deleted individuals 
eight had been assigned to the traditional protocol and 
five to the experimental protocol. A total of 138 patients 
met the inclusion criteria for the study, with 68 assigned 
to the traditional protocol and 70 assigned to the ex- 
perimental protocol. 

Patient demographics shown in Table I indicate that 
there were no significant differences between the two 
study groups with respect to age, estimated gestational 
age, race, parity, or vaginal birth after cesarean deliv- 
ery. The indications for induction of labor are listed in 
Table H. The most frequent indications in both groups 
were postdates and premature rupture of membranes, 
whereas gestational diabetes was more frequent in the 
traditional protocol group compared with the experi- 
mental group. i 

The clinical characteristics presented in Table III 


demonstrate no significant differences between the two . 


groups with relation to the Bishop score at the time of 
enrollment in the study, the Bishop score at the time 
of induction on the day of delivery, the cervical dila- 
tation at onset of induction, or the status of the mem- 
branes on entry to the study. The use of epidural an- 
esthesia, prostaglandin gels for cervical ripening, and 
intrauterine pressure catheters was similar between the 
two groups. 

The obstetric outcomes cutlined in Table IV show 
that the groups were similar in terms of mean infant 
birth weight, cord pH, and Apgar scores. There were 
no 5-minute Apgar scores <8 in either of the two 
groups. Seventy-five percent of the patients in each 
group delivered on the first day of induction, with the 
remainder delivered on the second and third days of 
induction. The number of second- and third-day in- 
ductions were similar between the two protocol groups 
(Table IV). Examination of the 1-day inductions as 
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-Table II. Indications for oxytocin induction 









Traditional Experimental 
protocol protocol 
(n = 68) (n = 70) 


Postdate pregnancy 25 368 30 42.9 

Premature rupture of 23 33.8 -20 28.6 
membranes 

Maternal medical indi- 4 5.9 7 10.0 
cations 

Intrauterine growth re- l 1.5 i 1.4 
tardation ; 

Impending macrosomia 2 2.9 0 0 

Gestational diabetes 13 19.1 9 12.9 

Oligohydramnios 0 0 3 4.3 


compared with the 2- and 3-day inductions indicated 
that the l-day inductions achieved adequate labor and 
delivery sooner, and required significantly less oxy- 
tocin. There was no difference, however, in FHR 
changes or cases of hyperstimulation (not shown). 
There was a significant difference between the two 
study groups in the method of delivery (Table IV). 
Although the cesarean section rates were similar with 
the two protocols, there was an increased incidence of 
assisted vaginal deliveries in the experimental group. 
In reviewing the labor data on the 24 patients who had 
assisted vaginal deliveries, 1] patients (one in the tra- 
ditional group and 10 in the experimental group) un- 
derwent assisted deliveries for second stage FHR 
changes (i.e., severe variables or persistent bradycar- 


. dia). There were 11 patients (four in the traditional 
‘group and seven in the experimental group) who un- 


derwent assisted deliveries for maternal exhaustion and 
two patients in the traditional group who had assisted 
deliveries for persistent occipitoposterior presentation. 
Neonatal outcome was not significantly different be- 
tween the two protocols in the assisted and spontaneous 
vaginal deliveries with respect to cord pH, birth weight 
or 5-minute Apgar scores (not shown). 

The most frequent indication for cesarean section in 
both groups was secondary arrest of dilatation or arrest 
of descent, although fetal distress occurred in five pa- 
tients and face presentations in five patients (Table IV). 
Complications were similar between the protocols, and 
there were a total of five patients who had failed in- 
ductions in the study. Three of these patients delivered 
vaginally 7 to 10 days later (two in the traditional pro- 
tocol and one in the experimental protocol), and the 
remaining two required cesarean sections at the time 
of the failed induction (one in each protocol). 

Mild shoulder dystocia occurred in four patients, 
with three of the four occurring in the experimental 
group. There were no adverse neonatal outcomes from 
these four deliveries. Meconium staining and nuchal 
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Table III. Clinical characteristics of oxytocin induction groups 


Experimental protocol 


Traditional protocol 
(n = 68) (n = 70) 





Status of membranes at onset of induction (No.) 
Intact 
Ruptured 
Cervical dilatation at onset of induction (cm, 
mean + SD) 
Prostaglandin gels used before induction (No.) 
Yes 
No 
Bishop score at onset of induction (mean + SD) 
Bishop score on day of delivery (mean + SD) 
Intrauterine pressure catheter (No.) 
Yes 
No 
Epidural anesthesia (No.) 
Yes 
No 


cord were the most frequent complicating events; these 
occurred equally in the two groups. 

According to the stringent definition of uterine hy- 
perstimulation used in this study, there were 38 (60.3%) 
women in the traditional protocol and 43 (62.9%) in 
the experimental protocol who were classified as having 
hyperstimulation (Table V). The types of hyperstim- 
ulation are shown in Table VI, with five or more con- 
tractions occurring in 10 minutes being the most fre- 
quent hyperstimulation pattern. A description of FHR 
patterns is included in Table VI, with the most com- 
monly occurring FHR change being variable deceler- 
ation. Normal FHR patterns throughout labor induc- 
tion were seen in 41.2% of the women in the traditional 
protocol group and in 27.1% of the experimental 
group, with a trend toward significance (p = 0.08) (not 
shown). Although the incidence cf uterine hyperstim- 
ulation was greater than expected, it was associated with 
changes in FHR patterns in only 10 of the 40 patients 
in the traditional group and 15 of the 43 patients in 
the experimental group (Table V). 

Table VII shows that the mean maximum dose of 
oxytocin in the two groups differed but was not statis- 
tically significant {p = 0.07). The oxytocin dose at the 
time labor was attained was similar in the two protocols. 

The number of patients who had the oxytocin dosage 
modified by either decreasing or temporarily discon- 
tinuing the infusion due to perceived hyperstimulation 
or FHR changes did not significantly differ according 
to oxytocin protocol. If the oxytacin was discontinued 
temporarily, the average length of time it was off was 
1.8 hours +n the traditional protocol group and 1.7 
hours in the experimental group (not shown). If the 
oxytocin was temporarily turned off, the mean number 
of times this occurred during the induction was 1.9 
times in each group. 

The temporal intervals of labor are presented in 


42 (66.8%) 44 (62.9%) 0.90 
26 (38.2%) 26 (37.1%) 
18+ 1.1 17 + 1.1 0.64 
38 (55.9%) 4] (58.6%) 
30 (44.1%) 29 (41.4%) 0.75 
54+ 2.3 5.1 +22 0.40 
5.5 + 2.3 5.3 +2] 0.61 
54 (79.4%) 59 (84.3%) 0.46 
14 (20.6%) 11 (15.7%) 
43 (63.2%) 40 (57.1%) 0.47 
25 (36.8%) 30 (42.9%) 


Table VIII. These data are only from patients who were 
delivered vaginally. Excluded were patients who were 
delivered by cesarean section (13 in the traditional pro- 
tocol group and 16 in the experimental protocol group) 
and those three patients with failed inductions who 
were delivered vaginally at a later date. This part of 
the analysis used a total of 106 patients with 53 women 
in each group. 

The time from induction to labor was significantly 
different between the two groups (p = 0.03). However, 
the time from onset of induction to delivery time was 
not significantly different (p = 0.33). There was not a 
significant difference between the two groups in com- 
paring the timing of epidural anesthesia or rupture of 
membranes with time of delivery. 

On examination of potential confounders it was de- 
termined that the time required to establish a regular 
labor pattern was significantly decreased for women 
with ruptured membranes but was not significantly af- 
fected by epidural anesthesia, the timing of epidural 
placement, parity, use of prostaglandin gels, or Bishop 
score. The total length of labor from induction to de- 
livery was significantly decreased for women who were 
multiparous, had ruptured membranes, did not have 
epidural anesthesia, or did not have prostaglandin gels 
placed (not shown). Bishop scores at time of induction 
and use of epidural anesthesia did not affect the total 
length of labor. 

In the multivariate analysis higher oxytocin dosages 
at the time of labor, ruptured membranes, timing of 
the epidural placement, and being assigned to the ex- 
perimental protocol were all associated with a signifi- 
cantly reduced time for establishment of a regular labor 
pattern. The total oxytocin dose for the study, use of 
epidural anesthesia, use of prostaglandin gels, presence 
of hyperstimulation, and parity were not significantly 
associated with the time required to achieve a regular 
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Table IV. Obstetric outcome of oxytocin induction groups 


Tradițional protocol Experimental protocol 
(n = 68) (n = 70) 





Birth weight (gm, mean + SD) . 3386 + 566 3391 + 53] ! 0.96 
Cord pH (mean + SD) 1.27 &:0.07 7.26 + 0.07 0.39 
Arterial (No.) 56 se 57 
Venous (No.) 6 5 
Source unknown (No.) 2 l 
Not obtained {No.) - 4 7 
5 min Apgar score 8.9 + 0.37 8.8 + 0.4] 0.42 
Days of induction (No.) 
j 51 (75.0%) 53 (75.7%) 0.58 
2 6 (8.8%) 9 (12.9%) 
ia 1 (16.2%) 8 (11.4%) 
Delivery method (No.) 
Vaginal 48 (70.6%) 37 (52.9%) 0.05 
Assisted vaginal 7 (10.3%) 17 (24.3%) 
Cesarean section - 13 (19.1%) 16 (22.8%) 
Indication for cesarean section (No:) l 
, Dystocia 6 (46.1%) 11 (73.3%) 0.36 
Fetal distress 2 (15.4%) 3 (13.3%) 
- Failed induction 1 (7.7%) 1 (6.7%) 
Face presentation 4 (30.8%) 1 (6.7%) 
Complications of delivery* (No.) 
-Shoulder dystocia l 3 
Meconium staining 6 8 
Nuchal cord 9 10 
Othert l 9 
No complications 2 40 


*More than one complication may be reported for some patients. 


tIncludes pregnancy-induced hypertension (n = 6), postpartum hemorrhage (n = 1), malpresentation (n = 4), suspected cho- 
ricamnionitits (n = 63, uterine inversion (n = 1), precipitate delivery (n = 1), anxiety (a = 1). ` 


labor pattern. The only variables that contributed sig- 
nificantly toward the reduction in total length of labor 
were higher total oxytocin doses for the study, ruptured 
membranes, and parity. Epidural placement and use of 
prostaglandin gel did not significantly affect the total 
length of labor in the adjusted analysis. 

Multiple logistic regression was used to adjust for 
potential confounders while assessing the relationship 
between oxytocin protocols and the outcomes of hy- 
perstimulation and FHR patterns. In a stepwise pro- 
cedure the likelihood ratio test indicated that none of 
the independent variables contributed significantly to 
the incidence of hyperstimulation. The placement of 
an epidural anesthetic was the only variable that con- 
tributed significantly to FHR changes. 


Comment 


The yearly oxytocin induction rate of 5.3% 
(239/4552) in this center suggests that each year ap- 
proximately 200,000 American women undergo oxy- 
tocin induction of labor. An additional large number 
of patients undergoes oxytocin augmentation of labor 
each year. Considering the large number of patients 
involved, surprisingly few papers have reported clinical 
trials comparing the several options in technique. Part 
of the explanation may be that several of the options 
have proved acceptably safe and effective during ex- 


tensive clinical usage in particular centers. Nonetheless, 
in our view there is no reason why these protocols 
should necessarily be equivalent in any way, and a mul- 
tiplicity of techniques suggests a need for comparisons 
to determine which is best. Considering the relative 
paucity of data comparing several widely used proto- 
cols, in our opinion the recent revision of ACOG 
Technical Bulletin No.157'! (1991, revised from 
no.110,1987) appropriately expanded its list of prof- 
fered techniques. Even so, that Technical Bulletin does 
not list all protocols that have seen extensive and sat- 
isfactory clinical application. 

Among the various options in oxytocin induction ad- 
ministration, the time interval between increases can 
be varied, and also the rate at which the dosage is in- ` 
creased can be varied independently of whatever time 
interval is chosen. Several recent reports have com- 
pared shorter versus longer time intervals between dos- 
age increases.** In contrast, we have sought to compare 
slower versus faster rates of dosage increase for labor 
induction, with the time intervals approximately the 
same. Both of our study arms had “longer” intervals 
between doses, as suggested by Seitchik,” because of 
the time necessary for a given dose to reach its maxi- 
mum effect. We are unaware of any previous random- 
ized trials making such a comparison. 

There are several points to be made concerning the 
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Table V. Uterine hyperstimulation and FHR patterns of oxytocin induction groups 





Presence of uterine hyperstimulation (No.) 
Yes 
No 
Uterine hyperstimulation resulted in FHR alterations (No.) 
Yes 
No 
No hyperstimulation occurred 


Table VI. Contraction and FHR patterns of 
oxytocin induction groups 











Traaitional 
pretocol 
(n = 68) 


Experimental 
protocol 
(n = 70) 


Contraction pattern 


(No.)* 
Normal 27 26 
=5 contractions per 10 29 32 
min 
Prolonged contractions 10 ll 
Baseline =25 min 3 8 
Coupling 8 8 
Other 0 1+ 
FHR pattern (No.)+ 
Normal 28 19 
Variable 29 34 
Late decelerations 3 7 
Prolonged decelerations 14 14 
Decreased variability 10 10 
Other 2 4 


*More than one contraction pattern may be reported for 
some patients. 


tOne patient experienced dysfunctional labor with no hy- 
perstimulation. 


tMore than one FHR pattern may be reported for some 
patients. 


methods. First, the randomization worked quite well, 
with patient demographics and clinical characteristics 
similar between the two groups. Second, this study con- 
cerned induction of labor, and all patients with indi- 
cations for induction were evaluated for inclusion into 
the study. Because there are a multitude of indications, 
we felt this would be more clinically valuable to the 
clinician than evaluating only one.indication (i.e, post- 
date pregnancy). Finally, in evaluating temporal data 
we purposely deleted the failed inductions and cesar- 
ean patients. The three patients with failed inductions 
who were delivered 3 to 10 days later could not plau- 
sibly be included in the analysis of temporal data. If all 
cesarean section patients were included in the data for 
the induction to regular labor interval, the conclusions 
would remain the same, with the experimental group 
attaining labor in a shorter time interval. The inclusion 
of cesarean section patients in the induction to delivery 
analysis was not calculated because it would not provide 


41 (60.3%) 44 (62.9%) 0.76 
27 (39.7%) 26 (37.1%) 
10 (14.7%) 15 (21.4%) -> 0.59 
30 (44.1%) 28 (40.0%) 
28 (41.2%) 27 (36.6%) 


meaningful information to the clinician. The timing of 
the cesarean delivery was not based on cervical status 
at the time of the operative procedure and would there- 
fore not be reflective of the actual stage of labor or 
progression. 

Five of our findings are of particular interest. First, 
patients in the experimental protocol reached a pre- 
determined milestone of uterine activity ] hour 25 min- 
utes faster than patients in the traditional protocol 
(p = 0.03). It is quite common for patients to require 
>8 mU/min oxytocin for induction. Hauth et al.’* dem- 
onstrated that 82% of patients required =10 mU/min 
oxytocin to achieve adequate labor. Indeed, in this 
study the dosage of oxytocin at the time of adequate 
labor approached 9 mU/min in both groups. 

Second, although the experimental group had an 
induction-delivery interval of 1 hour 6 minutes (1.1 
hours) shorter than that of the traditional group (slower 
increase), this difference did not reach statistical sig- 
nificance. A parallel and perhaps equally important 
finding is that there is so much variation in the length 
of labor in both groups in this study that demonstrating 
a difference would require a randomized trial larger 
in size than most that have been reported in this field 
of investigation. Indeed, this trial is larger than most, 
but because of the large standard deviation of the in- 
duction-delivery interval, this group of 138 patients 
would only be able to detect a cifference of 2.5 hours 
in the induction-delivery interval, with a power of 80%. 
Without a difference in hyperstimulation risk and with 
only a small difference in absolute oxytocin dosage be- 
tween protocols, the more rapid onset of uterine activity 
in the experimental group tilts these data in favor of 
that protocol, pending a more definitive answer to this 
question. It seems plausible to us that once adequate 
labor is established, so long as hyperstimulation and 
other problems do not ocur, it doesn’t matter which 
protocol is used. 

Third, safety issues are primarily related to hyper- 
stimulation, which was equivalent with these protocols 
in our hands. Although our rates of hyperstimulation 
have precedent, our definition was particularly strict 
because of our desire to determine if one protocol was 
harder to control than the other. Also, although there 
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Table VII. Oxytocin management 
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j Traditional protocol Experimental protocol 
(n = 68) (n = 70) p Value 


Maximum oxytocin dosage for patient (mU/min, 
mean + SD) 

Dosage of oxytocin at time of adequate labor* (mU/min, 
mean + SD) 


Oxytocin management modified for uterine hyperstimulation 


or FHR changes (No.) 
No changes 

Decreased 

Discontinued temporarily 


11.34 + 5.88 13.39 + 7.10 0.07 
8.33 + 5.19 8.90 + 6.70 0.60 
37 (51.6%) 29 (40.6%) 0.27 
11 (17.7%) 12 (17.4%) 

20 (30.7%) 29 (42.0%) 


*Thirteen women did not achieve adequate labor and were not included in this calculation. 


Traditional protocol Experimental protocol 
{n = 53) {n = 53) p Value 


Table VIII. Labor patterns for vaginal deliveries 


Induction to establishment of regular labor pattern 
(hr, mean + SD) 

Induction to delivery (hr, mean + SD) 

Rupture of membranes to delivery (hr, 
mean + SD) 

Epidural anesthesia to delivery (hr, mean + SD) 


was an increase in the maximum oxytocin dose in the 
experimental group, we do not believe this very small 
increase ts clinically significant. 

Fourth, FHR alterations versus normal heart rate 
patterns were noted to have occurred more frequently 
in the experimental group, although this was not sta- 
tistically significant. This can be concerning. Variable 
decelerations occurred frequently and more often in 
the experimental group. Late decelerations occurred 
infrequently in both groups, although there was a small 
increased incidence in the experimental group. In ana- 
lyzing these results, we found that the two groups did 
not differ in the incidence of uterine hyperstimulation 
resulting in FHR alterations (Table V). The data do 
not support that the variable or late decelerations were 
related to hyperstimulation and thus the oxytocin pro- 
tocol. Therefore it is not clear that the safety of in- 
duction was altered by the oxytocin protocol. Of im- 
portance, the perinatal outcome was similar between 
the two groups. Nonetheless, the alteration in FHR, if 
affiliated with the oxytocin protocol, may outweigh any 
benefits an early labor pattern may bring. 

Finally, there were more operative vaginal deliveries 
in the experimental group. This was initially a surprise 
finding. Akoury et al.,’” however, have also suggested 
a higher incidence of operative vaginal deliveries in an 
aggressive oxytocin protocol. On review of our fetal 
monitor strips, none of these patients had operative 
vaginal deliveries secondary to hyperstimulation-re- 
lated FHR changes. An explanation for this finding, if 
not related to hyperstimulation or to chance, is not 


4.85 + 4.22 3,43 + 2.15 0.03 
10.04 + 5.50 8.98 + 5.60 0.33 
11.59 + 9.01 11.36 + 8.32 0.89 

5.69 + 4.00 6.80 + 5.68 0.38 


straightforward. Possibly an intrinsic factor pertaining 
to the oxytocin protocol allows for more episodes of 
second-stage cord compression and thus more opera- 
tive vaginal deliveries. This factor could be of concern, 
and obviously more study is required before a full ex- 
planation is found. 

Several recent additions to the oxytocin literature 
have advanced our knowledge and understanding of 
this drug, which is so uniquely identified with obstetric 
practice. Mercer et al.* reported a randomized trial of 
123 patients in two study arms, both of which used 
dosage increments similar to our experimental group. 
A longer time interval group (=60 minutes) has less 
hyperstimulation and fewer cesarean sections for fetal 
distress than did a 20-minute time increment group. 
Their data suggest that longer time intervals produce 
less hyperstimulation, consistent with Seitchik’s and 
Castillo’s* finding that a longer time interval between 
dose increases was associated with less hyperstimu- 
lation. 

Unlike Mercer et al., we found no difference in hy- 
perstimulation between our study arms, perhaps be- 
cause of a longer time interval in both of our groups. 
Interestingly, Mercer et al. had induction-to-delivery 
standard deviations even larger than ours. Their stan- 
dard deviations for this interval of 8 hours (SEM 1.1 
with 53 patients) and 7.8 hours (SEM 1.2 with 43 pa- 
tients) were similar to ours. 

Blakemore et al.‘ randomized 52 patients into 15- 
minute and 60-minute arms with mixed types of dosage 
increases. The hourly group received less oxytocin, but 
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overall effectiveness of the regimens was uncertair., 
with standard deviations of 7.85 and 7.4 hours in the 
two groups and a power of 0.8 to detect a 55% differ- 
ence in the length.of labor. 

In conclusion, several authors have supported the 
concept that slow rate of increase of oxytocin.admin- 
istration may be advantageous in the induction of labor. 
Our study demonstrates that- larger increments in as- 
sociation with slow intervals may improve efficacy by 
obtaining labor sconer without altering incidence of 
hyperstimulation or perinatal outcome. However, the 
difference:'in FHR changes and operative vaginal de- 
liveries suggest caution ‘in concluding that the large 
incremental protocol is clinically preferable until more 
data are available. 
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Editors’ note: This manuscript was ‘revised after these 
discussions were presented. 


' Discussion 


Dr. TERRY B. LEVENSON, Conway, South Carolina: th 
1906 Dale demonstrated that myometrial tissue would 
contract when exposed to posterior pituitary extracts 
in vitro. By 1913 Watson had begun to use such extracts 
for the induction of labor. Complications such as uter- 
ine rupture and its attendant morbidity and mortality 


‘discouraged this practice until Theobald et al. de- 
scribed the administration of drip oxytocin in 1948. In 


1949 DuVigneaud demonstrated the structure of the 
octapeptide oxytocin, work for which he was’ later 
awarded the Nobel Prize in Chemistry. Synthetic pro- 
duction of oxytocin soon followed.’ 

Possession of this powerful mediator of uterine con- 
tractility begs the question what is the safest and most 
effective way to use it? 

To this end a number of studies have been done, to 


.demonstrate that this medication can be used in variety 


of clinical stiuations, but comparative studies of various 
protocols have been few. The article presented by Mul- 
ler et al. compares the effectiveness of two protocols 
for administering oxytocin to induce labor. 

The control and experimental groups in their study 
were remarkably similar in terms of patient demo- 
graphics and indications for induction of labor. Bishop 
scores, cervical dilatation at the onset of induction, and 
use of prostaglandin gels and epidural anesthesia were 
likewise very similar. 
= The control group was given oxytocin at 1 to 
2 mU/min, and the infusion was increased by 1 to 
2 mU/min at 30-minute intervals until adequate labor 
occurred. The experimental group received the same 
starting dose, but infusion rates were doubled every 40 
minutes until a rate of 8 mU/min was reached, and 
then increases were made in smaller increments to ad- 
void hyperstimulation of the uterus. 

Maximum doses of oxytocin tended to be higher in 
the experimental group, but this difference was not 
statistically significant. Dosages infused at the time ad- 
equate labor was achieved were similar in both arms of - 
the study. 

Hyperstimulation occurred in both groups with equal 
frequency but did not lead to untoward outcomes. Man- 
agement difficulties were similar in both groups in that 


decreasing the infusion rate or discontinuing the in- 


fusion temporarily was required as often in the exper- 
imental group as in the control group, 

Abnormal FHR patterns were seen more often in the 
experimental group. This was believed to be due to a 
higher incidence of variable decelerations in this group. 
Careful analysis failed to show a relationship between 
hyperstimulation and these decelerations, indicating 
this effect was not due to the ocytocin infusion protocol. 

Cesarean section delivery occurred with equal fre- 
quency in both groups. Fetal distress was the indication 
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in only two of 62 patients in the control group and 
three of 69 in the experimental group. Dystocia was 
the most common indication, occurring with equal fre- 
quency in both groups. o 

More assisted vaginal deliveries occurred in the ex- 
perimental group than the control group, most of 
which were for FHR changes in the second stage of 
labor. These were not believed to be due to uterine 
hyperstimulation. 

Obstetric outcomes were uniformly good in both 
groups, and no infants delivered had 5-minute Apgar 
scores <7. 

The experimental group achieved labor an average 
of one hour and 28 minutes faster than the control 
group, a significant difference. They were delivered 1 
hour 12 minutes sooner than controls, but this differ- 
ential failed to reach statistical significance. 

Muller et al. have demonstrated that oxytocin infu- 
sion rates for the induction of labor can be safely in- 
creased by relatively large increments, provided ade- 
quate time is allowed for the maximal contractile re- 
sponse to occur. Fuchs et al.? have shown that plasma 
levels of oxytocin in patients receiving up to 3 mU/min 
are not significantly different from levels before the 
induction of labor. In their study plasma levels seen in 
patients in spontaneous labor were not reached until 
infusion rates reached 4 to 6 mU/min. Blood levels of 
oxytocin then increased linearly in relation to time and 
infusion rate. 

By doubling the infusion rate at low dosage levels, 
Muller et al. have apparently demonstrated a method 
of reaching effective plasma concentrations of oxytocin 
in a shorter amount of time than traditional protocols 
allow. 

I would like to ask Dr. Muller to comment on two 
points. First, the incidence of abnormal FHR changes 
seems quite high in both arms of the study. Your anal- 
ysis suggests that epidural anesthesia is a major factor 
in these events. Are your patients who receive epidural 
anesthesia given preloads of intravenous crystaloid to 
prevent the hypotension that may accompany the onset 
of anesthesia and Jead to placental underperfusion and 
subsequent FHR alterations? Second, can you cite any 
figures regarding the incidence of abnormal FHR 
changes in unstimulated labor? 
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Dr. MULLER (Closing). Some of the literature sug- 
gests that expanding the time interval between increas- 
ing oxytocin doses gives a safer, and just as effective, 
method of induction. Our purpose in this study was to 
see whether we could get to adequate levels sooner by 
increasing the increment dosage while at the same time 
still using longer intervals. Specifically, we studied 
whether we could decrease the number of induction 
days or decrease the time to delivery by getting up to 
a higher oxytocin level sooner than in the ACOG pro- 
tocol. 

In answering Dr. Levenson’s questions regarding epl- 
dural usage, the number of epidural anesthetics given 
were equal in both groups, as I noted earlier. They 
were placed by the residents on staff at Carolinas Med- 
ical Center in a similar manner. All patients were given 
1 L of intravenous saline solution before the anesthetic 
was administered. I did not, however, collect data on 
patients as to whether complication such as hypotension 
occurred. 

We did find a high rate of FHR alterations. This 
finding is of concern. However, we defined FHR alter- 
ations very strictlv. If a patient had one episode of vari- 
able deceleration <100 beats/min, we labeled that pa- 
tient as having had FHR alterations. 

I do not have data available for the percentage of 
unstimulated labors with FHR alterations. Several stud- 
ies exist that have compared the aggressive use of oxy- 
tocin versus not using oxytocin for augmentation with 
the percentages under 50%, whereas ours were all over 
50%. 

Further study has to be done concerning assisted 
vaginal deliveries. Some of the Canadian literature’ also 
suggests that aggressive forms of oxytocin administra- 
tion result in an increased incidence of assisted vaginal 
deliveries. At this point I do not have an explanation 
for our increased incidence other than that it does not 
seem to be related to hyperstimulation nor does it seem 
to be related to the oxytocin protocol. 
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The use of carbon dioxide laser laparoscopy in the treatment 


of tubal ectopic pregnancies 


John D. Paulson, MD 
Annandale, Virginia 


- OBJECTIVE: The purpose of this study was to assess the efiicacy of the treatment of unruptured tubal 


ectopic pregnancies by the use of carbon dioxide laser laparoscopy. 


STUDY DESIGN: A series of 125 corsecutive ectopic pregnancies were treated laparoscopically; the tubal 
pregnancy was removed by a laparoscopic laser technique. Preoperative assessment included monitoring 
8-human chorionic gonadotropin levels, use of vaginal ultrasonography, and preoperative and 


postoperative hematocrit levels. 


RESULTS: Laparoscopic laser surgery was successful for removal of tubal ectopic pregnancies in all but 
four patients, in whom a laparotomy was required. Hematocrit levels before and after surgery were similar. 
The time necessary for B-human chorionic gonadotropin to “all to nondetectable levels averaged between 
3 and 4 weeks. There were five patients who had complications requiring additional surgery and/or 


medical treatment. 


CONCLUSION: The techniques are easy to learn, and the use of laparoscopic laser surgery in the 
treatment of tubal ectopic pregnancies appears to be a safe procedure with definite advantages for both 
the patient and the ohysician. There are decreased operatirg times, shorter hospital stays, and lower 
medical costs compared wtih those for major surgery. Subsequent successful intrauterine pregnancy rates 
are comparable to those of conservative methods previously reported. (Am J OBSTET GYNECOL 


1992;167:382-6.} 


Key words: Laser, laparoscopy, ectopic pregnancy 


Conservative surgery in the management of tubal 
ectopic pregnancies was uncommon during the early 
part of this century. There were several series in the 
German literature in the early 1940s"? describing r2- 
constructive procedures. Some patients subsequently 
had intrauterine pregnancies. The first reference in the 
English literature was that by Stromme.’ He described 
a conservative surgical procedure for the treatment of 
an unruptured tubal pregnancy in his patient’s only 
remaining tube. The patient subsequently had two in- 
trauterine gestations. In 1973 Stromme’ published a 
20-year review of his experience with these procedures. 
His technique was virtually unchanged during that time 
frame; only his choice of suture was different. The 
technique of linear salpingostomy has changed appre- 
ciably since that time because sutures have become less 
reactive, less traumatic forms of tissue incision have 
been implemented, and microsurgical technique has 
been used. It has become medically accepted that con- 
servative management of a tubal pregnancy should be 
considered in any patient in the revroductive age group 
desiring further pregnancies. This surgery should be 
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considered even if the opposite tube appears normal, 
because studies have demonstrated that either tube has 
the same chance of having a repeat ectopic pregnancy.” 
It has also been demonstrated that in women wishing 
to preserve their fertility the rates of recurrent ectopic 
pregnancy and intrauterine pregnancy after conser- 
vative management seem to be equivalent or superior 
to the results after radical treatment with salpingec- 
tomy.® These conservative methods were originally all 
performed during a laparotomy. In the early 1980s 
reports of laparoscopic removal of ectopic pregnancies 
began to proliferate.*® Their procedures involved mak- 
ing an incision on the antimesenteric border of the tube 
overlying the ectopic pregnancy, controlling hemostasis 
with careful electrocoagulation and allowing secondary 
closure of the tube. Patency, subsequent fertility po- 
tential, and recurrent ectopic pregnancy rates were 
comparable with these procedures performed during 
laparotomy. As the methods and techniques in repro- 
ductive surgery have increased, the laser has become 
an important tool. Its use in laparoscopy has made it a 
valuable aid in the removal of ectopic pregnancies. A 
series of 125 consecutive patients with tubal ectopic 
pregnancies, primarily treated by laser laparoscopy, is 
presented. 


Material and methods 


Patient profile. One hundred twenty-five consecutive 
patients seen at the Institute for Reproductive Medicine 
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with ectopic pregnancy were included in this study. The 
average age was 36.4 years (range 26 to 40 years). The 
patients were fairly equally divided between primary 
(55 patients) and secondary (68 patients) infertility. The 
average duration of infertility was 2.85 years (range 1 
to 7 years). Two patients did not have an infertility 
problem. Preoperative and postoperative hematocrits 
were determined, as were preoperative and postoper- 
ative B-human chorionic gonadotropin (8-hCG) levels. 
One hundred twenty patients had ectopic pregnancy 
in the ampullary portion of the tube, whereas five pa- 
tients had isthmic tubal ectopic pregnancies. 

Diagnosis of ectopic pregnancy. Patients undergo 
follow-up with B-hCG results when the diagnosis of 
pregnancy is established. It is expected that the B-hCG 
level will follow a curve that demonstrates a doubling 
in value every 2 to 3 days. If the level does not remain 
on this “normal” curve, it is assumed that the pregnancy 
is not normal. If the level is >1500 mIU/ml, a trans- 
vaginal sonogram can be obtained. If a gestational sac 
is seen, then for all intents and purposes an ectopic 
pregnancy is ruled out. If no sac is noted in the cavity 
of the uterus, then there is 2 high level of suspicion for 
ectopic pregnancy. If the B-hCG level does not continue 
a normal doubling and the level is >1500 mIU/ml, a 
curettage can be performed when there is suspicion of 
an ectopic pregnancy, and tissue can be sent for frozen 
section. If no chorionic villi are seen, a laparoscopy can 
be performed with the presumptive diagnosis of ectopic 
pregnancy. 

Technique. The surgical approach to laparoscopic 
removal of ectopic pregnancy is one that involves a 
three-puncture technique. A laser laparoscope, which 
includes an operative-laser channel, is placed through 
an infraumbilical incision. The articulated arm of a 
carbon dioxide laser is connected to the channel allow- 
ing the laser beam to be delivered to the tissue. A 
5 mm second puncture probe (suction and irrigation) 
is placed through a midline suprapubic incision. A third 
incision for the grasping forceps is made lateral to the 
rectus muscles at the level of the anterior external iliac 
spine on the ipsolateral side of the tubal pregnancy. All 
procedures are videotaped with a television camera that 
has a beam splitter coupled to the eyepiece of the lap- 
aroscope while the physician uses a video camera and 
works from the monitor. The size and site of the tubal 
pregnancy are identified, the mobility of the tube is 
assessed, and, if feasible, the procedure is carried out 
by first infiltrating a dilute solution of vasopressin (20 
U in 40 to 50 ml normal saline solution) into the an- 
timesenteric border or into the mesosalpinx of the tube 
in the area adjacent to the ectopic pregnancy to mini- 
mize bleeding from small vessels. If the size of the ec- 
topic pregnancy is >6 cm in length and 3 to 4 cm in 
diameter, the expectation for increased bleeding is in- 
creased and it may prove more prudent to perform the 
procedure by laparotomy. The tube is then stabilized 
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with the grasping forceps, and with the carbon dioxide 
laser beam through the operating channel of the lap- 
aroscope, an incision is made on the antimesenteric 
border over the area of the ectopic pregnancy. The 
power used is between 15 to 25 W in a superpulsatile 
mode with a spot size of 0.5 mm. Grasping forceps are 
then placed through the operating channel of the lap- 
aroscope after the coupling device of the laser is re- 
moved, and the tissue is gently teased out of the tube 
and pulled out through the operating channel. Tne bed 
is then inspected. If there is any bleeding, especially in 
the area of the tube where the incision was made, it 
can be coagulated with a bipolar cautery or with a de- 
focused laser beam. Usually the tube has very little 
bleeding with this procedure. After hemostasis 1s se- 
cured, the instruments are removed and the patient 
can be brought to the recovery room and be discharged 
within 3 to 12 hours. 


Results 


Of the 125 consecutive patients seen with an ectopic 
pregnancy in the fallopian tube, four patients required 
laparotomy. One of the patients had a tubal pregnancy 
greater than 10 x 5 cm. It was elected during lapa- 
roscopy, on seeing the size of the ectopic pregnancy, to 
immediately perform a laparotomy for repair. A second 
patient had an ectopic tubal size of 6 x 3 cm. The 
ectopic pregnancy was successfully removed, but after 
a faulty bipolar cautery and continuous manipulation 
while trying to cauterize the oozing point, increased 
bleeding necessitated a laparotomy for “one stitch.” 
The third and fourth patients had inaccessible tubes 
because of excessive adhesion formation. 

The remaining patients had a benign postoperative 
course after laparoscopy. The preoperative hematocrit 
(37.2% + 1.8%) was similar to that postoperatively 
(35.5% + 2.8%). The patients left the outpatient sur- 
gical center or hospital 3 to 12 hours after the proce- 
dure. Their recuperation and ability to perform their 
normal everyday functions were similar to those of pa- 
tients having laparoscopies for other indications. There 
were five patients in whom the serum B-hCG level did 
not continue to drop. In all these patients the levels of 
pregnancy hormone initially fell and within 1 week had 
risen, often to a level greater than that before opera- 
tion. Two of these individuals had a partial salpingec- 
tomy. The remaining three patients had methotrexate 
therapy. With the exception of these five patients, the 
postoperative serum B-hCG levels continued to drop 
to <10 mIU/ml after an average duration of 21 to 28 
days. 

Tubal patency was determined in each patient 4 to 
16 weeks after operation. With those patients who had 
laparotomies or additional treatments excluded, hys- 
terosalpingography was performed in the majority of 
patients (71 patients), and a second-look laparoscopy 
was performed in 45 patients. Nonpatency of the in- 
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volved tube was noted in only two of the patients un- 
dergoing hysterosalpingography. Patency was seen in 
all patients who had laparoscopy; however, there were 
two patients who did not have total healing of the fal- 
lopian tube and in whom a rent or “hole” remained 
with tubal mucosa protruding out. Several patients also 
had granuloma-like areas in the affected tubal areas 
associated with tubal patency. 

Forty-eight patients have subsequently attempted for 
at least one year to become pregnant. Thirty-eight have 
been successful. Of these patients, 26 have had intra- 
uterine pregnancies and 12 have had repeat ectopic 
pregnancies, seven in the same tube and five within tke 
contralateral tube. 


Comment 


The carbon dioxide laser for the treatment of tubal 
ectopic pregnancies has been used since the mid-1980s 
and was first reported in a small series by Johns and 
Hardie” in 1986. Although the tubal incision can be 
performed over the ectopic pregnancy by laser, scissors, 
or electrocautery, the laser holds several distinct and 
theoretic advantages over the other modalities. It is 
mere hemostatic than scissors ar.d there is less tissue 
reaction compared with electrosurgery in animal stud- 
ies. The procedure is simple, quick, and easy to learn 
and perform. Other pathologic conditions within the 
pelvis can be easily addressed surgically and compi- 
cations are uncommon. 

Within this series there was no increased blood lass 
during or after the procedure. The time required for 
the laparoscopic procedure ranged from 20 minutes to 
just over 50 minutes of operating time. Hospitalization 
occurred only as a help to patients if the procedure was 
performed in the evening, to allow the patient to rest 
in a hospital bed, because the outpatient facilities in the 
hospital are not functioning at night. When done as an 
outpatient procedure, these procedures obviously de- 
crease medical costs in comparison with laparotomy 
with its inherent hospitalization costs. The ability of the 
patient to return to normal function, whether at work 
or at home, allows for a diminished loss to the patient, 
family, or work area. 

The management of tubal pregnancy by the lapa- 
roscopic approach offers most of the advantages of 
laparotomy without its disadvantages. A reduced mer- 
bidity and cost associated with equal or better subse- 
quent reproductive outcome in these patients warrants 
a movement toward laparoscopy over laparotomy if 
surgically feasible. Laparoscopic laser salpingostomy as 
a treatment for tubal ectopic pregnancies appears to 
be a safe procedure with many advantages for the pky- 
sidan and patient. As a hemostatic procedure with good 
reproductive outcome for the patient, this surgical pro- 
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cedure offers itself as a possibility for reparative treat- 
ment of tubal pregnancies. As a procedure associated 
with decreased operating time, diminished hospital 
stay, and reduced medical costs in comparison with ma- 
jor surgery, laser laparoscopy is becoming a logical 
choice over laparotomy as a treatment for unruptured 
tubal ectopic pregnancies. | 
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Editors’ note: This manuscript was revised after these 
discussions were presented. 


Discussion 

Dr. W.E. GIBBONS, Norfolk, Virginia. Dr. Paulson’s 
thoughtfully prepared manuscript on laparoscopic 
treatment of ectopic pregnancy with the carbon dioxide 
laser represents one of the largest reported experiences 
in this area. He correctly documents the shift in therapy 
of this disorder from laparotomy and salpingectomy to 
linear salpingostomy by laparoscopy. The approach to 
diagnosis and surgical management were straightfor- 
ward and conventional. Initial laparoscopic approach 
to management was achieved in all except four patients 
and in only one case was it a method failure due to 
inability to contro] bleeding. The carbon dioxide lap- 
aroscopic management as complete therapy was un- 
successful in only five women in whom postoperative, 
increasing hCG titers were observed (5/121, 4%). This 
demonstrates a very successful treatment outcome for 
an outpatient, surgical therapy where the options are 
either a major surgical procedure with its associated 
increased morbidity or protracted medical therapy, 
which has a similar failure rate and its own set of com- 
plications. 

An important component of this manuscript is the 
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follow-up data. Only two of 71, or 3% of subjects un- 
dergoing hysterosalpingographic evaluation had tubal 
blockage demonstrated in the treated tube. Of the 45 
subjects undergoing second-look laparoscopy, all of the 
treated tubes were patent. A question for Dr. Paulson 
concerns how the decision was made to perform sec- 
‘ond-look laparoscopy as to why some underwent the 
procedure and others did not and as to how the timing 
of the follow-up procedures (4 to 16 weeks) was arrived 
at. It would be interesting to have information from 
the second-look laparoscopies concerning new adnexal 
adhesion formation resulting from the earlier treat- 
ment laparoscopy and how often lysis of adhesions was 
performed during the second-look procedure. The 
subsequent intrauterine pregnancy rate and ectopic 
pregnancy rate are similar to those of other series re- 
ported in the literature.’ * Was information gained at 
the second-look laparoscopy useful in predicting who 
would ultimately conceive? Would life-table analysis of 
this information be productive? The publication of the 
hCG disappearance curve will prove useful to others 
who appropriately follow the hCG titer after conser- 
vative surgery. 

Recently, Vermesh and Presser” reported on 60 
women with ectopic pregnancy undergoing linear sal- 
pingostomy who were randomized between laparotomy 
and laparoscopy. Although even though there was no 
difference observed in thë subsequent viable pregnancy 
rate at 36 months (laparoscopy 12/19, 63%; laparotomy 
11/21, 52%), life-table analysis demonstrated that the 
laparoscopy patients conceived earlier. Lundorff et al.* 
reported last year that in 73 of 105 ectopic pregnancy 
patients treated with conservative surgery by either lap- 
arotomy or laparoscopy who underwent second-look 
laparoscopy the laparotomy patients developed signif- 
icantly more adhesions in the ipsilateral adnexa than 
did the laparoscopy patients. These data support Dr. 
Paulson’s assertion of the desirability of the- laparo- 
scopic technique in the hands of a trained laparoscopist. 

Stoval et al.° reporting on the largest experience with 
methotrexate therapy in this country recently reported 
a similar method failure rate (4/100) and similar follow- 
up rates for tubal patency hysterosalpingogram, 85%) 
and percentage of subsequent ectopic pregnancies 
(11%). Perhaps in the future medical therapy will be 
the standard of therapy. In my opinion, until the ex- 
periential base with medical therapies markedly in- 
creases, laparoscopic, outpatient management with its 
clear end point is still the therapy of choice with medical 
therapy reserved for treatment failures, the ectopic 
pregnancy whose location cannot be determined, and 
the rare condition of disseminated peritoneal tropho- 
blastic implants. 
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Dr. FRANK MCDONALD, Hickory, North Carolina. I 
was interested in the five patients with treatment fail- 
ure. You mentioned that you got frozen sections for 
villi from curettage reports. I wonder, if you had frozen 
sections from those five ectopics, whether there was 
truly ectopic tissue and villi there and whether you 
would consider frozen sections for your ectopic tissue 
in the future. 

Dr. JOHN Scorr, Spartanburg, South Carolina. Dr. 
Paulson, I have several questions. Did you use serum 
progesterone values at all? When you made your linear 
incision did you use a superpulse mode or standard 
wattage and, if you did the latter, what wattage did you 
use? How did you remove the larger ectopic pregnan- 
cies from the abdomen? Did you ever have to do a 
colpotomy and remove it vaginally? 

Dr. WILLETTE L. LEHEw, Norfolk, Virginia. I would 
like to ask Dr. Paulson what, if any, indications he would 
use to close the tube with suture? . 

Dr. PAULSON (Closing). I use the superpulsatile 
mode because it will cut through the edematous tissue 
that has also been injected with dilute vasopressin so- 
lution. If you use continuous 25 to 30 watts you get a 
lot of smoke, whereas superpulse, which can pulse from 
250 to 500 watts as a small part of the duty cycle, cuts 
through very nicely. 

Usually the ectopic pregnancy is removed from the 
abdomen piecemeal. You may have to do it by taking 
the whole scope out of the largest trocar sheath. You 
usually do not have to peform a colpotomy. 

Normally I do not use suturing techniques. We might 
use suturing for hemostatic purposes if there was bléed- 
ing, but this is usually not a problem because we pick 
up our ectopic pregnancies very early in their course. 

We did not get frozen sections on Our ectopic tissue 
at the time of surgery. All specimens were subsequently 
evaluated and did show villi at least in this particular 
series. 

I do not know how many patients in this particular 
series had a previous ectopic pregnancy. We have done 
many procedures since this series, and we have had 
repeats on some of them. We did not do life-table anal- 


‘ysis. It would have been uséful. We did find adhesion 


formation in the second-look laparoscopies but not in 
a large number. Every once in a while there would be 
adhesions on the tube that were usually very simple just 
to peel off. As far as predicting future pregnancies, I 


Paulson 


cannot predict that even those with little rents in the 
tube won’t get pregnant. I think we have women with 
intrauterine pregnancies even when they have some- 
thing like that. At the time of a second-look laparos- 
copy, I might try to create a raw area over such a rent 
in the tube so it will reperitonealize. 

I was asked why we did second-look laparoscopies 
instead of hysterosalpingography on some of our pa- 
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tients. It was mostly patient choice. I am very aggressive 
and I feel that second-look laparoscopies are helpful 
because it will add to future fertility and predictive 
values. However, the majority of our patients did not 
have second-look laparoscopies and we have not ana- 
lyzed our data on second-look laparoscopy versus hys- 
terosalpingography, so I don’t know how predictive it 
would be. 





Intrauterine pressure and fluid absorption during continuous 


flow hysteroscopy 
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OBJECTIVES: Our objectives were to document the causes of fluid absorption during continuous flow 
hysteroscopy and to determine under which operative conditions fluid overload may occur. 

STUDY DESIGN: Fifteen patients underwent operative hystercscopy witn 2% ethanol solution for uterine 
distention. Absorption of fluid was measured by biood alcohol, sodium, csmolarity, and hematocrit. 
Intrauterine pressures were measured with an obstetric pressure catheter. 

RESULTS: Alcohol absorption was noted in one patient during a myoma resection. Two additional 
patients, not in the study, had fluid absorption after partial perforations o7 the uterus. Under normal 
operative conditions there were no changes in sodium, osmolarity, or hematocrit. Intrauterine pressures 
ranged from 45 te 75 mm Hg. Experimental pressures of >200 mm Hg were not associated with fluid 


absorption. 


CONCLUSIONS: Intravasation of fluid may occur through open uterine venous channels with extensive 
resections and under low pressures in the presence of unrecognized perforations. (AM J OBSTET GYNECOL 


1992;167:386-91.} 
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perforation 


Diagnostic and operative hysteroscopy procedures 
are done in a variety of settings with different distention 
media. The use of continuous flow distention with low- 
viscosity fluids such as 5% dextrose in water, saline so- 
lution, and glycine are popular for intrauterine laser, 
resections, coagulation, and ablaticns. However, there 
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is a risk of irrigation fuid absorption leading to volume 
overload and a rare risk of death subsequent to pul- 
monary edema or hyponatremia.' The mechanism of 
this intravasation is poorly understood but appears to 
be similar to complications of urologic transurethral 
prostate resection. l 

The objective of this study is to measure some of the 
mechanisms involved in systemic absorption of irriga- 
tion fluid and to determine under which operative con- 
ditions volume overload can occur. 


| Methods 


Fifteen study participants were chosen from patients 
scheduled for diagnostic and operative hysteroscopy; 
they gave their full informed consent as approved by 
the Committee on the Protection of Human Subjects 


Volume 167 
Number 2 


at the University of North Carolina Hospitals. Utero- 
tubal cannulations, endometrial ablations, myoma re- 
sections, and septum resections were the indications for 
the procedures, which were mostly carried out with the 
patients under general inhalation anesthesia in the pro- 
liferative phase with no hormonal preparation. Pitres- 
sin was used during ablations and myoma resections 
only. A 24F Wolf resectoscope was used, and for my- 
omas and resections the cervix was overdilated to 37F. 

Glycine, a nonelectrolyte solution commonly used for 
transurethral prostate resection by urologists, was used 
as an irrigant. Ethanol was added to create a 2% so- 
lution. Fluid absorption was then measured directly by 
blood alcohol levels. In addition, indirect estimates of 
fluid absorption were made by measuring the volume 
of outflow collected and by subtracting this volume 
from the amount of irrigant (inflow) used. Also, cal- 
culations of intravascular fluid absorption were made 
by measuring plasma sodium, osmolarity, and blood 
hematocrit. 

Blood samples were obtained and pressures were 
measured at the following times during a procedure: 

Time | Beginning of the procedure (baseline) 

Time 2 After 5 minutes with 8 feet of pump 

pressure 

Time 3 After 5 minutes with 14 feet of pump pres- 

sure or at 8 feet with outflow restricted 

Time 4 End of procedure 
Intrauterine pressures were measured directly with a 
standard obstetric pressure catheter placed alongside 
the hysteroscope inside the uterine cavity. 

A uterine model was also created for laboratory mea- 
sures of flow rates and pressures with a variety of pump 
settings, pump types, and different hysteroscopes. The 
patients were used as their own controls, and one-way 
analysis of variance statistical measures were used to 
compare changes in plasma sodium, osmolarity, and 
blood hematocrit with a significance level at p < 0.05. 


Results 


In vitro studies. The laboratory model used (Fig. 1) 
documented that a number of independent variables 
influenced intrauterine pressure and flow rates. These 
included the following: (1) height of fluid column or 
pump setting, (2) manufacturer of hysteroscope, (3) 
degree of cervical dilation, and (4) outflow valve closed 
or open. We first calibrated the pressure reading of our 
uterine model with a closed system (no cervical or valve 
outflow) in an operating room, simulating conditions 
of surgery. The three points measured were at 4, 6, 
and 8 feet of direct gravity flow, resulting in intrauter- 
ine pressures of 118, 177, and 230 mm Hg, respectively. 
Higher direct gravity measures were not possible, be- 
cause the operating room ceilings are not higher than 
8 feet from the operating table surface. The Bard Hys- 
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tero-Flo (C. R. Bard, Tewksbury, Mass.) pump matched 
this calibration curve at 8 and 14 feet of pressure. 

We next measured the effect of opening the outflow 
valve and simulating cervical overdilation by allowing 
fluid to flow around the hysteroscope. Opening the 
outflow valve decreased pressure to about 50 to 60 mm 
Hg, and opening the cervix further decreased pres- 
sures to 40 to 50 mm Hg. Under these conditions there 
was minimal difference in intrauterine pressure with 
Bard pump settings of 8 or 14 feet of pump pressure. 

Urologists routinely use the outflow valve to regulate 
flow rates and pressures. Using the outflow valve to 
maintain the intrauterine pressure at either 50 or 80 
mm Hg (Fig. 2), there was only a 12% difference in 
flow rates with Bard pump settings of 8 or 14 feet, and 
flow was approximately 375 to 450 ml/min. 

The Zimmer pump is designed with an upper limit 
of 80 mm of pressure, with a readout measured at the 
inflow valve (approximating intrauterine pressure). 
When 80 mm of measured intrauterine pressure was 
maintained, flow rates were reduced, even at the high- 
est pump setting, to 150 ml/min (Fig. 2). 

Fig. 3 shows intrauterine pressure and flow rates with 
two different hysteroscopes. Surprisingly, the larger 
(24F) Wolf resectoscope had lower flow rates and higher 
resistant pressures than the smaller (22F) Olympus pe- 
diatric resectoscope. 

Clinical studies. Intrauterine pressure data from 14 
patients thus far show a range of 45 to 75 mm Hg (with 
an average 63 mm Hg) under normal operative con- 
ditions (open cervix or outflow valve, no perforations). 
Closing overdilated cervices with a tenaculum for 5- 
minute periods raised intrauterine pressure to an av- 
erage of 122 mm Hg. In some patients, both the cervix 
and outflow valve were closed, creating intrauterine 
pressures of 230 and 280 mm Hg with 8 and 14 feet 
of pump pressure, respectively. No fluid absorption as 
measured by blood alcohol, volumetric discrepancy, or 
hyponatremia was seen during these in vivo pressure 
experiments. 

Blood studies on 15 patients revealed nonsignificant 
average declines in serum sodium from 139 to 136 (time 
l and time 4), p > 0.05. Average osmolarity was 285 to 
289, and the mean hematocrits were 35 to 33. The 
mean measure of volumetric fluid deficit was 152 ml. 

One patient out of 15 had ethanol detected (37 
mg/dl) at the end of the procedure. This patient had 
had a myoma resection and both the cervix and outflow 
valve had been closed for 3-minutes to increase visu- 
alization due to excessive bleeding. Through an over- 
sight the valve had remained closed for nearly 10 more 
minutes. The pressure catheter was not functioning in 
this case. The volumetric measurement of absorption 
in this case was 900 ml, equivalent to the estimated 
volume required to reach a blood level of 37 mg/dl 
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Fig. 1. Experimental model. Variables of fluid dynamics include pump settings and types, type of 


hvsteroscope, cervical dilation, outflow valve. 


ethanol, 5 L blood volume and 2% ethanol 
solution. 

One other patient, not in the study, developed a lat- 
eral tear of the cervix after fibroid removal. The stan- 
dard pressure settings, estimated at 75 mny Hg, were 
used for a 3-minute period to diagnose the perforation. 
During this time the patient had absorbed 1500 ml of 
fluid by volumetric estimation. This patient did not 
have any clinical signs of volume overload. | 

A third patient. not in the study because of severe 
diabetes and chronic renal insufficiency, developed 
acute pulmonary edema after a rapid (12 minute) en- 
dometrial ablation under local anesthesia. Serum so- 
dium level was 129 mEq/L. There was an absorption, 
estimated by measuring input and output of the irri- 
gation system, of 1300 ml. There was a suspected thin- 
ning and possible partial perforation of the fundus dur- 
ing the dilatation of the cervix during this procedure. 
There was good cutflow from the cervix in this case, 
allowing an estimate of intrauterine pressure of 60 to 
75 mm Hg. 


given a 


Comment | 
Hysteroscopic surgery with low-viscosity, continuous- 
flow irrigation offers several advantages over other sys- 
tems.” ° These include better exposure in operative 
cases, continuous clearing of blood and tissue, and 
fewer reported complications.* Nevertheless, the risk’ 
of fluid overload and hyponatremia exists and is anal- 
ogous to the complications with prostatic resection pro- 
cedures. 
` The finding of minimal to no absorption during hys- 
teroscopy detected in most of these patients to date is 
encouraging. Hysteroscopy should be expected to have 
less than the 5% to 10% incidence during prostatic 
resection by the urologists.>* This is due to the fact 
that prostatic tissue has an extensive plexus of venous 
sinuses that are opened up during resections, although 
paracervical venous plexi can be exposed during un- 
suspected cervical tears.® 
- We have drawn from studies in the urology literature 
that use ethanol added to the irrigation fluid to monitor 
absorption during prostatic resection.’ Hahn’ in 1988 
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Fig. 3. Uterine pressure versus flow. In vitro comparison of hysteroscopes. 


demonstrated that absorbed glycine levels are in direct 
proportion to serum ethanol levels, whereas there was 
a proportional decline in the serum sodium levels dur- 
ing prostatic resections. Norlen®? determined fluid ab- 
sorption on the basis of the osmolarity of the irrigation 
fluid (glycine) and the change in serum sodium seen 
postoperatively. The availability of inexpensive breath- 
alyzer units may make it possible to routinely monitor 
the expiratory gases continuously during surgery with 
a 1% or 2% ethanol irrigant, to detect fluid absorption 
as it occurs during surgery.® 

In addition to case reports,’® '' Morrison et al. have 
the only other study in the gynecology literature at- 
tempting to measure fluid absorption during hyster- 
oscopic surgery. In one patient of the 12 in the study 
fluid overload developed aiter laser ablation procedure 
in which saline solution was the irrigation Huid. Mea- 
surements of absorption show a rise in central venous 
pressure and serum chloride while the plasma albumin 
and hematocrit decreased. Intrauterine pressures were 
not included in the study. 


The urology patient tends to be older and more sus- 
ceptible to volume shifts. Another interesting differ- 
ence between our patients and the urology patients is 
gender. In 1986 Arieff reported 16 postoperative 
deaths over a 10-year period in healthy women un- 
dergoing elective general and gynecologic surgery. 
They were found to have had fluid overload leading 
to the syndrome of inappropriate antidiuretic hormone 
resulting in severe hyponatremia. Fraser et al.” also 
reports similar findings in 11 deaths that he attributes 
to central diabetes mellitus and diabetes insipidus sec- 
ondary to untreated severe hyponatremia. Fraser and 
Arieff have also shown in rat studies that the Na*-K* 
adenosine 5’triphosphatase pump system is less effec- 
tive in female than in male brain synapses. Progester- 
one can also decrease pump activity in myocardial and 
kidney tissue. These studies suggest that guarding 
against iatrogenic hyponatremia may be even more crit- 
ical in female patients. However, animal studies in our 
laboratories have failed to confirm these hypotheses to 
date. 
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This is a preliminary report of our studies so far, 
presented to report some clinically useful unexpected 
findings. Different pump settings and pumps (Figs. 2 
and 3), result in wide differences in pressures and ficw 
rates, as do different hysteroscopes (Fig. 3). Contrary 
to the current assumption that elevated pressures cause 
fluid absorption, pressures >200 mm Hg did not result 
in fluid absorption, yet a rapid procedure under normal 
pressure conditions did. 

We will continue to collect data on more patients, .n 
collaboration with other hysteroscopists, to further de- 
termine which procedures are at risk and which are 
free of risk, of fluid absorption. We will also see if there 
is a pressure threshold above which fluid absorpticn 
occurs, keeping in mind the last patient cited, where 
symptomatic fluid overload occurred well within saze 
pressures. 

Our conclusions thus far are as follows: (1) Significant 
intravasation of fluid may occur with extensive resez- 
tions which open uterine venous channels; (2) signifi- 
cant intravasation also can occur at low pressures in the 
presence of unrecognized perforations; (3) alcohol is a 
reliable indicator for measuring fluid absorption and 
may be used to monitor this risk; (4) there appears to 
be a minimal risk of absorption during hysteroscory 
under normal operative conditions. 
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Editors’ note: This manuscript was revised after these 
discussions were presented. 


Discussion 


Dr. RONALD L. Brown, Charlotte, North Carolina. 
With increasing use of operative hysteroscopy as a sur- 
gical alternative for various gynecologic problems, 
there has become a heightened awareness of the po- 
tential complications associated with the procedure. 
The use of lasers and electocoagulation devices within 
the intrauterine cavity certainly poses a potential threat 
to the integrity of the uterine walls, which if violated 
can lead to a life-threatening situation. Fluid overload, 
as a result of excessive absorption of distention me- 
dium, is a potentially serious complication of hyster- 
oscopy, the cause of which has never been fully un- 
derstood. Goldrath was a pioneer of endometrial abla- 
tion with the Nd:YAG laser, anc he recognized fluid 
overload in several of his patients. Goldrath et al.’ hy- 
pothesized that insufficient dilatation of the cervix and 
prolonged operating time may be responsible for ex- 
cessive fluid absorption. Others have suggested that if 
the fallopian tubes are not blocked that fluid will pass 
through them and into the peritoneal cavity and be 
absorbed into the circulation. 

In 1990 Garry? reported a study of 63 women un- 
dergoing endometrial ablation. In 30 of these women 
fluid was infused with a simple rcller pump, and in 33 | 
women the pump was connected to a pressure trans- 
ducer that maintained intrauterine pressure at a preset 
level or less. The pressure-controlled group showed an 
86% reduction in the volume absorbed, which was mea- 
sured by inflow-outflow volumes. He suggested that 
damaged peripheral uterine arteries were the pathway 
for fluid absorption and if intrauterine pressure was 
maintained at the patient’s mean blood pressure or less, 
there would be no retrograde flow into the systemic 
circulation and no fluid overload. 

Dr. Vulgaropulos has reported a clinical study of 12 
patients in a well-designed protocol to directly measure 
fluid absorption and intrauterine pressure. This clinical | 
study has been complemented by an experimental lab- 
oratory model that demonstrates the effects of several 
variables on intrauterine pressure and flow rates. It was 
shown very clearly in the experimental model that in- 
trauterine pressure is primarily a function of the out- 
flow resistance regardless of pump setting. If outflow 
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was unobstructed, intrauterine pressure was never >60 
mm Hg. Conversely, closure of the outflow valve and 
cervix resulted in pressures >117 mm Hg at all pump 
settings. 

In the clinical study 11 patients underwent various 
types of operative hysteroscopy and were maintained 
at intrauterine pressures of 45 to 75 mm Hg with eth- 
anol-labeled glycine as the distention medium. At an 
undesignated time during the surgery and for an un- 
specified length of time, outflow of glycine was ob- 
structed in some of these patients, generating intra- 
uterine pressure of 230 and 280 mm Hg at different 
pump settings. In none of the 11 patients was there 
any evidence of fluid absorption. In a twelfth patient 
there was evidence of fluid absorption as measured by 
blood alcohol level. It is unfortunate that no intrauter- 
ine pressures were measured on this patient, but it is 
safe to assume that normal operating pressures (ie., 
pressures >75 mm Hg) were exceeded and probably 
>200 mm Hg because outflow was totally obstructed. 
In this patient there was apparent excessive intrauter- 
ine pressure for 13 minutes at a time in the surgery 
when there were obviously open, damaged uterine ves- 
sels, and she did have evidence of fluid absorption. In 
the other 11 patients in the study there is no mention 
of how many had excessive intrauterine pressure and 
for how long the elevated pressures were present. It 
may also be of value to know at what point during the 
surgery excessive pressures were exerted (i.e., was there 
excessive intrauterine pressure after the resection of 
the tissue?). I would ask that Dr. Vulgaropulos comment 
on this and give his opinion of the significance of these 
temporal relationships. 

It would seem that the cause of fluid absorption dur- 
ing hysteroscopic surgery is multifactorial. Certainly, 
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perforation of the fundus of the uterus and cervical 
tears have been shown in other case reports to lead to 
fluid absorption and overload, as was the case with the 
two nonstudy patients in this report. The cardiovas- 
cular status, age, and hormone effect of the patient 
may also be factors. 

Dr. Vulgaropulos’s study has answered a number of 
questions about pressures, flow rates, and pumps used 
in operative hysteroscopy; however, 1 don’t think we 
can as yet rule out excessive intrauterine pressure as 
having at least some role in fluid absorption in some 
patients. 
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Dr. VULGAROPULOS (Closing). The temporal rela- 
tionship and the timing is something that we have not 
quite worked out in our study design. The time the 
procedure takes is much the same except for the 
quicker diagnostic procedures. Regarding the elevated 
pressures, we are just trying to get an idea of how much 
pressure can be created, and we are holding them for 
30 to 60 seconds as opposed to doing the complete 
resection with closed outflow. After the resection is 
done, we are basically still at open outflows but it is just 
within the procedure itself that we will close down the 
outflow to measure and see what pressures we get for 
a period of time. It appears that the patient with fluid 
absorption had it occur over a 10-minute period. 
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OBJECTIVE: The subjective and objactive effects of massive weight loss on lower urinary tract function in 


morbidly obese women were examined. 


STUDY DESIGN: Thirteen subjects underwent a comprehensive evaluation of lower urinary tract function 


before and 1 year after surgically induced weight loss. 


RESULTS: We demonstrated significant improvements in lower urinary tract function after weight loss. Cf 
12 subjects who complained of incontinence before surgery only three complained of incontinence 

(p = 0.004) and only one requested treatment after weight loss. Objective and subjective resolution of 

- both stress and urge incontinence was documented. Statistically significant changes were seen 

in measures of vesical pressure, the magnitude of bladder pressure increases with coughing, 
bladder-to-urethra pressure transmission with cough, urethral axial mobility, number of incontinence 


episodes, and the need to use absorptive pads. 


CONCLUSION: Weight reduction is desirable for obese wonen complaining of urinary incontinence and 
may obviate the need for further incontinence therapy. (AM J OBSTET GYNECOL 1992;167:392-9.) 


Key words: Urinary incontinence, stress incontinence, detrusor instability, obesity, weight 


loss 


Obesity is commonly cited as a factor related to the 
development and recurrence of urinary incontinence 
in women.'* There are relatively few studies that have 
objectively examined this relationship, however. In 
1988 Dwyer et al.* compared the prevalence of obesi-y 
in 368 incontinent women (232 with genuine stress in- 
continence and 126 with detrusor instability) with 19€1 
population norms for Australia. They found that obe- 
sity, defined as > 120% of the average weight for height 
and age, was significantly more prevalent in both 
women with genuine stress incontinence and those with 
detrusor instability than in the normal population. 
They were unable to show any differences between 
obese and nonobese incontinent subjects on urody- 
namic testing, which included cystometry and uroflow- 
metry. In the same year Kolbl and Riss® examined the 
relationship between several indexes of body mass and 
genuine stress incontinence in 150 stress incontinert 
women and 43 continent controls. They found no sig- 
nificant differences in any of the indexes between the 
continent and incontinent groups. During urodynamic 
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testing they demonstrated that subjects with a positive 
stress test had a significantly higher body mass index 
than subjects with a negative stress test and that an 
increased body mass index was associated with a sig- 
nificantly greater resting total urethral pressure but not 
with a greater resting or stressed urethral closure pres- 
sure. In a paper presented before the American 
Uro-Gynecologic Society in 1987 Wilkie and Stanton® 
reported the results of passive and dynamic urethral 
pressure profiles in five obese continent, five nonobese 
continent, five obese stress incontinent, and five non- 
obese stress incontinent women. Although they found 
significant differences in urethral measurements be- 
tween the stress continent and incontinent groups, no 
significant differences were demonstrated between the 
obese and nonobese subgroups. Finally in 1988 Deitel 
et al.’ reported a significant decrease in the prevalence 
of the symptom of stress incontinence (from 61.2% to 
11.5%) in 138 morbidly obese women after weight re- 
duction induced by bariatric surgery. No objective test- 
ing was performed. 

In summary, previous studies have demonstrated dis- 
parate relationships between obesity and objectively 
documented incontinence. None have shown signifi- 
cant differences due to obesity in various urodynamic 
measurements. The only study z0 examine the rela- 
tionship between successful weight loss and inconti- 
nence was entirely subjective. 

The aims of the present study were to examine the 
subjective and objective effects of massive surgically 
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induced weight loss on lower urinary tract function in 
morbidly obese women. . 


Material and methods 


Eighteen morbidly obese women who were consid- 
ered candidates for bariatric surgery volunteered to 
participate in this study, which was approved by the 
Medical College of Virginia Committee on the Conduct 
of Human Research. To be a candidate for surgery, a 
subject had to be at least 45 kg above her ideal body 
weight as estimated by the 1983 Metropolitan Life In- 
surance tables for medium frame. Each subject com- 
pleted approved consent procedures before initial eval- 
uation. All underwent a comprehensive evaluation of 
lower urinary tract function as detailed below. After 
extensive medical, nutritional, and psychologic evalu- 
ation and counseling, 13 of the subjects underwent gas- 
tric bypass surgery; these women comprise the final 
study population. 

The evaluation of lower urinary tract function in- 
cluded the completion of a detailed urogynecologic his- 
tory, the performance of a genitourinary physical and 
neurologic examination, the completion of a prospec- 
tive 1-week urinary diary,® and the performance of a 
standardized fluid loss quantitation test? and urody- 
namic evaluation. The urodynamic evaluation included 
uroflowmetry with postvoid residual urine volume 
measurement, retrograde provocative multichannel 
water urethrocystometry (in 45 degree upright, sitting, 
and standing positions) with microtip transducer cath- 
eters, passive (at rest) and dynamic (while coughing) 
urethral pressure profilometry, resting and stressed 
urethral axis determinations, and direct visualization 
testing for fluid less. Specific details of the urodynamic 
methods have been published previously.'*'? This en- 
tire evaluation was performed before gastric bypass 
surgery and repeated once weight loss had stabilized 
after surgery. The repeat evaluations were performed 
a mean of 14.5 months (SD 3.6, range 11 to 24) after 
the gastric bypass. No subject received any medical, 
surgical, or behavioral therapy for incontinence during 
the time between initial and repeat evaluations. 

A subject was considered to have the symptom of 
stress incontinence if she complained of the objection- 
able and involuntary loss of urine coincidental with 
physical activity. The diagnosis of the condition of gen- 
uine stress incontinence was made if the subject had 
the symptom of stress incontinence and had observable 
leakage produced by stress without concurrently de- 
monstrable detrusor activity during urethrocystometry 


or had a positive direct visualization test immediately . 


after the catheters were removed in the total absence 
of detrusor instability during urethrocystometry. A 
subject was considered tc have the symptom of urge 
. incontinence if she complained of the involuntary loss 
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of urine associated with the strong desire to urinate. 
The diagnosis of the condition of detrusor instability 
was made if the subject had the symptom of urge in- 
continence and had the objective demonstration of a 
detrusor contraction and urinary leakage, sponta- 


_ neously or on provocation, during urethrocystometry 


while she was attempting to inhibit micturition. A sub- 
ject was considered to have the symptom of mixed in- 
continence if she had the symptoms of both stress in- 
continence and urge incontinence. The diagnosis of the 
condition of mixed incontinence was made if the di- 
agnostic criteria were fulfilled for both genuine stress 
incontinence and detrusor instability. Urodynamic 
techniques and measurements, terms, and diagnostic 
criteria conform to the recommendations of the Inter- 
national Continence Society.* 

Quantitative data were analyzed for significance with 
the two-tailed paired ż test. Unless otherwise noted, all 
quantitative data are expressed as the mean + SEM. 
Simple regression analysis was used to analyze the re- 
lationship between body mass index and various mea- 


sures of vesical pressure. Categorical data were ana- 


lyzed for significance either with McNemar’s x’ test or 
the two-tailed Fisher’s exact test as dictated by expected 
cell size. 


Results 


The thirteen subjects who completed the study had 
a mean age of 4] years (SD 11.9, range 22 to 65); 10 
were premenopausal and three were postmenopausal. 
The mean parity was 2.2 (SD 1.3, range 0 to 4) and the 
mean height was 1.63 m (SD (0.06, range 1.52 to 1.73). 
The mean preoperative weight was 131.5 kg (SD 19.9, 
range 99.8 to 152.3). The mean preoperative body mass 
index (calculated by dividing the weight in kilograms 
by the square of the height in meters) was 49.4 kg/m? 
(SD 7.9, range 38.6 to 62.2). All subjects experienced 
significant weight loss after gastric bypass, with a mean 
postoperative weight of 88.1 kg (SD 17.0, range 59.9 
to 114.8, p = 0.0000009) and a mean postoperative 
body mass index of 33.1 kg/m? (SD 6.7, range 21.2 to 
38.6, p = 0.000001). 

Table I lists the preoperative and postoperative 
symptoms and urodynamic.diagnoses of each of the 13 
subjects. Twelve subjects (92%) had bothersome symp- 
toms of urinary incontinence before surgery. After sur- 
gery only three subjects (23%) complained of inconti- 
nence (p = 0.004). Seven of 10 subjects with the symp- 
tom of stress incontinence (p = 0.02) and eight of nine 
subjects with the symptom of urge incontinence 
(p = 0.004) noted resolution of the symptom. The 
three subjects with persistent symptoms all had mixed 
incontinence before surgery; two noted resolution of 
the urgency incontinence component of their symp- 
toms after weight loss. 
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Table I. Summary of subjects’ symptoms and condicions before and 14.5 (SD 3.6, range 11 to 24) months 


after gastric bypass surgery ` 


Before surgery Afler surgery No. subjects 


No incontinence 

Urge incontinence 

Stress incontinence 

Mixed incontinence 

Mixed incontinence 

Mixed incontinence 
Normal 

Detrusor instability 
Genuine stress incontinence 
Genuine stress incontinence 
Detrusor instability 


Symptoms 


Conditions* 


Genuine stress incontinence + detrusor instability 


*Urodynamic diagnosis. 


Only six of the 12 subjects with symptoms of incon- 
tinence before weight loss had objective documentaticn 
of incontinence during urodynamic testing (Table 1). 
Four of the six had resolution of urodynamic abnor- 
mality after weight loss, three of four subjects with gen- 
uine stress incontinence and two of three subjects with 
detrusor instability. None of these differences in pre- 
surgical and postsurgical urcdynamic diagnoses 
achieved statistical significance. 

Of the twelve subjects with symptoms of objectional 
incontinence before weight reduction, only one desired 
treatment at the time of repeat evaluation. This was a 
22-year-old woman with lifelong symptoms of mixed 
incontinence and enuresis. Her weight decreased frorn 
160 to 107 kg, but she had persistent symptoms and 
persistent detrusor instability on urodynamic testing. 
She responded well to imipramine and a program of 
bladder retraining. Neither of the two subjects with 
persistent though diminished symptoms of stress in- 
continence, one of whom had persistent genuine stress 
incontinence on testing, desired treatment. They had 
both noted a decrease in the number of incontinence 
episodes per week, one from 18 to two and the other 
from four to one. 

On the l-week prospective urinary diary (Fig. 1), 
there were significant decreases in the number of in- 
continence episodes per week before and after weigh: 
loss (13.4 + 2.9 vs 0.9 + 0.5, p = 0.001) and in the 
number of incontinence pads used per day (2.0 + 0.2 
vs 0.08 + 0.08, # = 0.00008). There were no significant 
differences in daytime voiding frequency (every 2.¢ 
hours before surgery vs every 3.3 hours after surgery: 
or in episodes of nocturia per week (8.2 before surgery 
vs 6.9 after surgery): 

During urodynamic testing all intravesical pressure 
measurements before weight loss were significantly 
greater than those after weight loss (Fig. 2). These in- 
cluded (expressed in centimeters water pressure) the 
initial pressure in the 45 degree upright position 
(40.3 + 3.7 vs 25.3 + 1.7, p = 0.0007), pressure at 


No incontinence 
No incontinence 
No incontinence 
No incontinence 
Stress incontinence 
Mixed incontinence 
Normal 

Detrusor instability 
Genuine stress incontinence 
Normal 

Normal 

Normal 


pont nent PAE) red eet MT bem DO ime COO AO et 


maximum cystometric capacity in the same position 
(45.0 + 3.1 vs 27.2 + 1.9, p = 0.00006), pressure sit- 
ting upright (56.1 + 2.9 vs 32.9 + 2.1, p = 0.000006), 
pressure standing (56.7 + 3.4 vs 32.8 + 2.1, 
p = 0.00001), and the increase in pressure from 45 
degrees to standing (13.2 + 14 vs 6.8 + 1.0, 
p = 0.005). These changes were due to decreases in 
abdominal pressure rather than to decreases in true 
detrusor pressure. There was a significant positive cor- 


‘relation between body mass index and initial vesical 


pressure (r = 0.50, p = 0.01), pressure at maximum 
cystometric capacity (r = 0.57, p = 0.003), sitting pres- 
sure (r = 0.60, p = 0.001), and standing pressure 
(r = 0.60, p = 0.001}. 

There were also significant differences seen in all 
cough-related parameters before and after weight loss 
(Fig. 3). The increases in vesical pressure with four 
maximum effort coughs were significantly greater be- 
fore weight loss (greatest amplitude cough 104 + 10 
cm water, mean of four coughs 93 + 10) than after 
surgery (greatest 76 + 6, mean of four 68 + 5, 
p = 0.001 and 0.004, respectively). Cough pressure 
transmission from the bladder to the urethra was sig- 
nificantly improved (higher) after weight reduction 
(83% + 3% before surgery vs 93% + 5% after surgery, 
p = 0.03). Finally, urethral axial mobility with coughing 
was significantly less after weight reduction (stressed 
cotton swab angle 37 + 4 degrees before vs 24 + 4 
degrees after surgery, p = 0.005). 

There were no significant changes related to weight 
loss in any other urodynamic parameter, including 
measures of passive urethral function (functional ure- 
thral length or maximum urethral closure pressure), 
bladder capacity (first sensation of fullness and maxi- 
mum cystometric capacity), and emptying function 
(mean and maximum flow rates and postvoid residual 
volumes). 

No significant differences were noted during quan- 
titation testing; however, the power to detect a differ- 
ence was very low. Six subjects lost no fluid either before 
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Day.time Nighttime 
Frequency Frequency 
(hours) (per week) 


After Weight Loss 


Fig. 1. Effects of surgically induced weight loss on number of incontinence episodes per week 
(p = 0.001), number of incontinence pads used per sa (p = 0.00008), daytime voiding frequency 


in hours, and episodes of nocturia per week. 


or after weight reduction and five subjects who lost 2, 
5, 6, 35, and 173 gm before weight reduction recorded 
no loss after. One subject with persistent genuine stress 
incontinence lost 162 gm before and 147 gm after sur- 
gery; another with persistent detrusor instability lost 
81 gm before and 226 gm after. 


Comment 


This study has demonstrated both statistically and 
clinically significant improvements in lower urinary 
tract function after marked, surgically induced weight 
reduction in morbidly obese women. This improve- 
ment has been seen in both subjective and objective 
parameters. Subjectively, nine of 12 women with both- 
ersome incontinence before weight loss noted complete 
resolution of their incontinence after weight loss. More- 
over, two of the three subjects with persistent symptoms 
of incontinence had noted improvement to the point 
that they desired no treatment for their residual in- 
continence. Only one of 12 incontinent subjects re- 
quired treatment after weight reduction; she had had 
lifelong mixed incontinence and enuresis. Objectively, 
two of three subjects had resolution of pure genuine 
stress incontinence, one of two had resolution of pure 
detrusor instability, and one had resolution of mixed 
genuine stress incontinence plus detrusor instability on 


urodynamic testing. Although these changes did not - 
reach statistical significance due to the small number , 


of subjects, they had obvious clinical significance for 
the four women who normalized their studies. Our 
findings are in agreement with prior studies by Dwyer 
et al.,* which suggested that obesity contributed both 


ot 
s 


to genuine stress incontinence and detrusor instability, 
and by Deitel et al., which showed that massive weight 
loss often led to the resolution of the symptom of stress 
incontinence. 

Urodynamically we have demonstrated that massive 
weight loss in morbidly obese women significantly re- 
duced intravesical pressure in all positions and reduced 
pressure increases seen with standing. Moreover, pres- 
sure increases with coughing were also significantly less 
following weight loss. Finally, there were statistically 
significant improvements in the stress competence (re- 
flected by an increase in the pressure transmission ratio) 
and in the anatomic stability (reflected by a decrease in 
stressed Q-tip cotton swabs angle) of the urethra after 
weight loss. These are all measurements that were not 
recorded in previous urodynamic evaluations by Dwyer 
et al.* or by Kolbl and Riss.’ In agreement with these 
authors, we did not see significant differences in other 
cystometric, urethral, or uroflowmetric measurements. 
Our results do differ from those of Wilkie and Stanton,® 
who demonstrated no differences in bladder pressure 
with position change or cough and no differences in 
passive or dynamic urethral function when comparing 
obese and normal-weight subjects. This discrepancy 1s 
likely explained by differences in study design, in that 
our comparison of the same subjects before and after 
weight loss minimizes many confounding variables that 
might have influenced these measures in Wilkie and 
Stanton’s small study groups. 

Our urodynamic results do suggest that the mecha- 
nism for improved stress continence in our subjects is 
related to lesser increases in abdominal pressure with 
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Fig. 2. Effects of surgically induced weight loss on intravesical pressure measurements at beginning 
of cystometry (p = 0.0007), at maximum cystometric capacity (p = 0.000006), sitting (p = 0.000006) 
and standing (p = 0.00001) at maximum cystometric capacity, and on the increase in pressure with 


standing (p = 0.005). 
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Fig. 3. Effects of surgically induced weight loss on maximum ($ = 0.001) and mean (0.004) in- 
travesical pressure changes, urethral axis (p = 0.005) and excursion arc (p = 0.04) and bladder to 
urethra pressure transmission ratios (p = 0.03) with coughing. 


physical stress, improved transmissicn of this stress to 
the urethra, and decreased axial mobility of the ure- 
thra. All of these factors are felt to be important in the 
pathophysiology of genuine stress incontinence.’' The 


data provide no indication as to the mechanism for the -7 


resolution of urge incontinence and detrusor instability. 
We are aware of no evidence that decreases in total 
bladder pressure, such as observed in this study, will 


improve one’s ability to suppress detrusor instability. It 
is possible that alterations in autonomic nervous system 
activity related to obesity described in animals and 
humans'* may normalize with weight reduction. In- 
creased sympathetic and decreased parasympathetic 
stimulation to the lower urinary tract could conse- 
quently promote enhanced detrusor stability. 

Two qualifying aspects of this study must be men- 
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tioned. The first is the profound degree of obesity dem- 
onstrated by our population. Obesity 1s defined for- 
mally by a body mass index >30 kg/m*. Our popu- 


lation’s mean body mass index of 33.1 after weight 


reduction reflects the severity of its obesity; only five 
of 13 subjects achieved a body mass index of =30 after 
weight loss. We cannot be certain that our findings and 
conclusions can be generalized to the 10% to 12% of 
Americans who are defined as obese,'® most of whom 
are significantly less obese that our study population. 


The second qualification is our inability to establish ` 


an objective diagnosis of incontinence in half of the 12 
subjects who complained of the symptom of inconti- 
nence. This compares with a nondiagnostic study rate 
of 9.5% (18/188) for other patients complaining of in- 
continence studied by the first author during the same 
time with the same diagnostic criteria and to a 10.3% 
(15/145) rate reported in a previous study from our 


laboratory.'® This discrepancy may reflect technical dif- _ 


ficulties in establishing the diagnosis of incontinence, 
particularly in directly observing leakage, in massively 


obese subjects. However, it may also reflect-confusion 


regarding the source of perineal wetness in such 
women. In any event, we feel that this observation 
should generate a degree of skepticism regarding con- 


clusions based on studies that use only subjective mea-. 


sures to study incontinence in obese subjects. 

With the findings and qualifications of this study in 
mind, we conclude that weight reduction is desirable 
for obese women complaining of urinary incontinence. 
Successful weight reduction may obviate the need for 
further incontinence therapy in at least some obese 


patients. In addition, for obese women with genuine . 


stress incontinence who undergo continence surgery, 
weight reduction may improve the technical ease, in- 
crease the durability, and decrease the failure rate of 
such surgery.* A comprehensive survey of the treat- 
ment of obesity and the role of surgery in the treatment 
of severe obesity is beyond the scope of this paper; the 
interested reader is referred to a recent National In- 
stitutes of Health consensus statement on this topic.” 
However, it must be emphasized that traditional diet 
and exercise treatment of obesity is often unsuccessful, 
with permanent cure realized by fewer than 10% of 
patients after a decade. Thus for some morbidly obese 
incontinent women gastric bypass surgery would seem 
preferable to and of greater overall benefit than con- 
tinence surgery. 
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Discussion 


Dr. Jonn W. Lane, Chapel Hill, North Carolina. In 
spite of the fact that we gynecologists are taught, be- 
ginning in medical school, that obesity contributes to 
female urinary incontinence, objective documentation 
of this is surprisingly lacking on our literature.” Nor 
is there any prior objective prospective study which 
supports the recommendation of weight loss to the 
obese patient to reduce her incontinence symptoms. 
This is the first study that approaches this in a system- 
atic, objective, prospective manner. 

Bump et al. have reported a very interesting study 
of a group of extraordinary patients. They were enor- 
mously obese women, having an unusual procedure 
with which most gynecologists have little if any expe- 
rience. Nevertheless, the experience with these patients 
can help us to understand the relationships between 
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obesity, weight loss, and female urinary incontinence. 
This study may have use for us in caring for the much 
more extensive group of obese women who are not as 
large, but with whom we are all well acquainted. 

Most gynecelogists would advise weight loss to obese 
patients as one part of a conservative program to help 
diminish or eliminate symptoms of incontinence, but 
objective evidence of improvement in urodynamic 
function after weight loss has heretofore been scanty 
to absent. Such evidence as does exist is fairly, clearly, 
and concisely reviewed by Dr. Bump in the intro- 
duction. 

The purpose of this study, clearly stated, was to eval- 
uate both subjective and objective effects of significant 
weight reduction the lower urinary tract function of 
obese women. 

The patient selection was direct. Thirteen patients 
who were selected for gastric bypass surgery for weight 
loss entered the study. We are not told how many other 
patients were invited to participate but declined. Al- 
though a wide range of weights were included (99.8 to 
153.3 kg) all were markedly obese as demonstrated by 
the mean weight of 131.5 kg and the fact that each was 
a minimum of 45 kg above ideal weight for medium 
frame. 

This is an unique group of obese patients because 
each of them could reliably be expected to lose a large 
amount of weight because of surgery, thus making it 
possible to focus the study on subjects who would have 
successful weight loss. We can imagine how many sub- 
jects would have had to be studied to find a group this 
large that would successfully actain this degree of 
weight loss with traditional methods of diet and 
exercise. 

The definitions and explanations of the terms used 
and the diagnostic criteria are succinctly stated and 
clearly explained. All techniques, parameters, mea- 
surements and criteria conformed to internationally es- 
tablished standards. 

The patients underwent thorough and extensive 
lower urinary tract evaluation. The urodynamic studies 
are described in understandable and exacting detail. 
All studies were performed ‘before surgery and re- 
peated after the weight loss had stabilized after surgery. 
No other therapies were undertaken in the interim. 

Of the 13 subjects, 12 reported preoperative incon- 
tinence. Nine of these 12 no longer complained of both- 
ersome incontinence when reevaluated 1 to 2 years 
postoperatively. Three were still incontinent, although 
two of these were improved. 

Of interest is the fact that six of the 12 subjects with 
symptoms of incontinence had normal urodynamic 
studies both before and after weight loss. The remain- 
ing six patients did have objective documentation of 
incontinence during testing. Of these six, four had res- 
olution of their urodynamic abnormality. 

There were three patients who still complained of 
incontinence, two of whom had objective incontinence 
and one with symptoms of incontinence. Two were im- 
proved and only one (with objective detrusor instability) 
sought further treatment. 
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Although statistical significance was not achieved due 
to the small numbers, one must assume that the patients 
who improved were pleased with this result. Even the 
six patients with symptomatic incontinence alone must 
have been delighted with remaining dry and were prob- 
ably not at all concerned that their improvement was 
not confirmed by objective measurements. 

The urodynamic studies support the view that the 
improvement was due to decreased intraabdominal 
pressure, increased pressure transmission to the ure- 
thra, and decreased urethral mcbility. The authors sub- 
mit that the improvement in detrusor instability may 
have been due to normalization of the effects of the 
autonomic nervous system on the lower urinary tract. 

The authors warn us regarding two aspects of the 
study. First, these patients were massively obese. We 
cannot be certain that the same results would occur in 
more “normally” obese patients, which, of course, make 
the bulk of the obese population. Second, half of the 
subjects who complained of incontinence could not be 
shown objectively to have it. The nondiagnostic study 
rate is usually between 10% to 30%.* Several possible 
reasons for this were reviewed. 

We can certainly agree that obese women with uri- 
nary incontinence should be counseled to lose weight 
as part of a conservative program to improve their 
symptoms. They may, indeed, need no further therapy. 
However, even if incontinence should persist after 
weight loss, surgery should then be technically less dif- 
ficult, less risky, and more likely to be a long-term 
SUCCESS. 

I would like to ask Dr. Bump if there were many 
other gastric bypass patients who were invited to par- 
ticipate in this study but who declined. 

I would also be interested to Know if you have con- 
tinuing studies on additional gastric bypass patients, or 
perhaps studies on less obese patients in more tradi- 
tional weight reduction programs. 
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Dr. A. CULLEN RICHARDSON, Atlanta, Georgia. You 
didn’t specify how many of these women were parous. 

Dr. Bump (Closing). A number of patients were of- 
fered the opportunity for free urodynamic testing. The 
ones who refused were all continent. We had hoped 
initially to look at a group of incontinent and a group 
of continent women, but as you see only one of the 13 
was continent. We would have liked to have compared 
test results after weight loss in those who did not com- 
plain of incontinence. 

The study is not continuing. The most practical rea- 
son is that the motor on our urodynamic chair was in 
danger of burning out. It usually took me, the nurse, 
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and the resident to tip the chair backward, assisting the 
grinding gears. We did a gastric bypass study because 
our chances of finding a group of 13 women who are 
going to lose over one half ton of weight in 14 months 
is relatively low; Dr. Sugerman is pretty good at achiev- 
ing that weight loss for us. 

One of the five patients who was initially evaluated 
but decided not to go ahead with bypass surgery is 
actually continent now, having lost a little over 52 kg 


Obesity and lower urinary tract function 


on her own through a weight loss and exercise pro- 
gram. Another three who did not change their weight 
report that they had no change in their symptoms. One 
could not be located. 

Dr. Richardson, one subject was nulliparous. The 
mean parity was 2.2. Interestingly, all of these patients 
had delivered vaginally. There were no cesarean sec- 
tions in any of the subjects. 





The incidence of genital prolapse after the 


Burch colposuspension 
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OBJECTIVE: Our objective was to determine the incidence of postoperative genital prolapse after the 
Burch colposuspension and to identify risk factors for the development of subsequent prolapse. 

STUDY DESIGN: The charts of 131 patients who had a Burch colposuspension performed by the senior 
author (S.L.S.) between 1977 and 1986 were reviewed at the Urodynamic Unit of St. George’s Hospital, 
London. Emphasis was placed on the degree of genital prolapse on clinical examination and whether 


further surgery was required to correct the prolapse. 


RESULTS: Thirty-five patients (26.7%) required a total of 40 operations to correct genital prolapse after 


colposuspension. At 20 operations, more than one procedure was required to correct combined prolapse. 
The patient’s age, weight, parity, menopausal status, and prior pelvic surgery did not affect the incidence 
of postoperative prolapse. The only preoperative risk factor identified was the presence of a large 
cystocele. 

CONCLUSION: Postoperative genital prolapse is a significant complication of the Burch colposuspension. 
It is unclear whether this is due to a disruption of the vaginal axis or to an intrinsic weakness of the pelvic 
floor in these women. (AM J OBSTET GYNECOL 1992;167:399-405.) 


Key words: Stress incontinence, prolapse, Burch colposuspension 


Although there are many operations used for the 
treatment of urethral sphincter incompetence (genuine 
stress incontinence), the Burch colposuspension is one 
of the most popular and most successful. The first re- 
tropubic urethrovesical suspension was described by 
Williams in 1947, who placed sutures between the blad- 
der wall and the periosteum of the symphysis.’ In 1949 
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Marshall et al.* described their operation in which su- 
tures are placed between the vaginal wall and perios- 
teum and cartilage of the symphysis. Hampered by su- 
tures pulling out of the periosteum with this technique, 
Burch,’ in a procedure published in 1961, suspended 
the paravaginal fascia first to “the white line” of the 
levator fascia and eventually to Cooper’s ligament. Sub- 
sequently, the Burch operation has been called by many 
different titles, although it appears the term colposus- 
pension was first used by Warwick and Whiteside in 
19707 

In spite of the success achieved with the Burch col- 
posuspension, with incontinence cure rates ranging 
from 71% to over 95% reported,*" there are several 
recognized complications resulting from the operation. 
These include postoperative detrusor instability and 
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voiding disorders.*” *'**! One af the less noted com- 
plications is the occurrence of enterocele and rectocele. 
In Burch’s original description of the procedure, he 
states that in cases of doubt it is best to repair the pos- 
terior vaginal] wall at time, of colpcsuspension. After the 
operation he noticed an elevation in the posterior vag- 
inal wall just in front of the cervix that appears after 
the anterior vaginal wall is elevated. He thought this 
change predisposed to enterocele formation’ This 
tenting of the posterior vaginal wall after colposuspen- 
sion has also been described by Stanton and others as 
a cause of dyspareunia and as an aggravation of pos- 
terior vaginal wall weakness.*'': 1% 14 16 

The incidence of enterocele after the Burch proce- 
dure reported in the literature ranges from 3% to 17%, 
but there are little data on postoperative rectocele de- 


velopment and uterine descent. *® -17 Furthermore, | 


there is sparse information on factors that may pre- 
dispose patients to genital prolapse after a Burch op- 
eration and little consensus on the appropriate oper- 
ative management of this potentially significant com- 
plication. With these issues in mind, we reviewed the 
outcome of patients who had a colposuspension op- 
eration, specifically focusing on the issue of postoper- 
ative prolapse. 


Material and methods 


The medical charts of 131 consecutive patients who 
had a Burch colposuspension operation for the treat- 
ment of genuine stress incontinence between 1977 and 
1986 were reviewed at the Urodynamic Unit of St. 
George’s Hospital, London. All oz the operations were 
done or supervised by the senior author (S.L.S.) at ei- 
ther St. James Hospital, St Helier Hospital, or St. 
George’s Hospital. Information sought from the charts 
included the age, weight, parity, menopausal status, 
and estrogen therapy {if applicable) of the women be- 
fore surgery. Previous incontinence surgery, prolapse 
surgery, or hysterectomy were neted. All patients had 
preoperative urodynamic studies that included a cys- 
tometrogram or voiding cystourethrogram and uro- 
flowmetry. The degree of genital prolapse was carefully 
evaluated by S.L.S. preoperatively and corrected at the 
time of the colposuspension, if significant. Postopera- 
tively, the return of satisfactory bladder function as 
determined by the removal of the suprapubic catheter, 
the return of bowel function, the total number of hos- 
pital days, and any special complications were recorded. 
After discharge, the patients were usually seen at 2 to 
3 months after surgery for clinical review and repeat 
urodynamic studies. Thereafter, they were seen an- 
nually for 5 years for review of symptoms, pelvic ex- 
amination, uroflowmetry, and a pad test. At postop- 
erative follow-up review in this study, the emphasis was 
on the degree of genital prolapse on clinical exami- 
nation and whether further surgery was required to 
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correct the prolapse. Patients who had not been ex- 
amined in the past year were asked to come to the 
urodynamic unit at St. George’s Hospital for evalua- 
tion. Only those patients with complete medical notes, 
a recent examination, and a follow-up period of >3 
years were included in the study. 

The patients were divided into two groups. Group | 
included the patients who did not require additional 
surgery for genital prolapse after the colposuspension 
operation. The patients who did have corrective sur- 
gery for prolapse were placed in group 2. The two 
groups were compared for any factor that may predict 
genital prolapse after colposuspension, with the hope 
of identifying preoperatively patients who may be at 
increased risk. 

A modified Burch colposuspension, as previously de- 
scribed by Stanton,*® was performed in all patients. 
After the induction of anesthesia, the patient was 
placed in the horizontal lithotomy position with the legs 
supported by Lloyd-Davis stirrups. Cystoscopy was per- 
formed initially in all patients to ensure they had no 
condition that would complicate surgery. If cystoscopy 
was Satisfactory, the abdomen and perineum were 
prepped and draped in a sterile fashion. A transureth- 
eral resection drape was used to cover the perineum, 
allowing access to the vagina with the sterile condom 
during the operation. A 14F Foley catheter was placed 
in the bladder to allow continuous drainage during the 
operation and to facilitate the delineation of the urethra 
and the bladder neck. 

Access to the retropublic space was obtained through 
a low Pfannenstiel or Cherney incision. If a hysterec- 
tomy, tubal ligation, or culdoplasty was needed, it was 
accomplished before the colposuspension, and the peri- 
toneum was closed with a 2-0 continuous delayed ab- 
sorbable suture. Visualization of the space of Retzius 
was enhanced by the use of a Denis Browne self-re- 
taining ring retractor. The bladder was carefully dis- 
sected from the symphysis. With a forefinger in the 
vagina, the operator elevated the lateral vaginal fornix 
and dissected the bladder base medially off the para- 
vaginal fascia. Although this can sometimes be accom- 
plished bluntly, scissor dissection was often required. 
Three of four pairs of No. 1 nonabsorbable polybu- 
tylate-coated polyester sutures (Ethibond, Ethicon, 
Ltd., Edinburgh) were then placed into the paravaginal 
fascia on each side and inserted into the ipsilateral il- 
eopectineal ligament. The most distal (caudad) suture 
was inserted opposite the bladder neck. The remaining 
sutures were placed cephalad along the bladder base 
about 1 cm apart. Once all the sutures were in place, 
they were tied, approximating the paravaginal tissue to 
Cooper’s ligament. The most caudad sutures were tied 
first, and then the remainder of the sutures were tied 
on alternating sides to ensure balanced elevation. 

Once adequate hemostasis was achieved, the incision 
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Table I. Surgical procedures used to correct 
uterovaginal prolapse after colpdsuspension 


No. of 

Procedure patients 
Posterior repair me 
Transvaginal hysterectomy, posterior 6 


repair 
Vaginal enterocele, posterior repair 5 
Transabdominal hysterectomy: 3 
Transvaginal hysterectomy 3 
Abdominal sacrocolpopexy 2 
Abdominal sacrocolpopexy, posterior 2 
repair 


Transvaginal hysterectomy, entero- ] 
cele repair, posterior repair 

Transvaginal hysterectomy, entero- J 
cele repair 

Sacrospinous ligament fixation l 

Posterior repair, colposuspension l 

Transabdominal hysterectomy, col- l 
posuspension 

Transabdominal hysterectomy, col- l 
posuspension, posterior repair 

Transabdominal hysterectomy, ab- l 1 
dominal sacrocolpopexy, posterior 
repair 

Zacharin procedure, posterior repair l 


was closed. A suction drain was left in the retropubic 
space. A suprapubic catheter was placed two finger- 
breadths above the incision after the bladder had been 
filled through the Foley catheter. The catheter was then 
removed. Any necessary repair of the posterior vaginal 
wall was then accomplished. 

Postoperatively, the retropubic suction drain was re- 
moved 24 to 36 hours after surgery. The suprapubic 
catheter was clamped on day 2 to allow the patient to 
attempt to void spontaneously. The catheter was re- 
moved once she voided amounts >200 ml, and the 
residual urine was <150 ml. 


Results 


The age of the 131 study patients ranged from 30 
to 76 years with a mean of 47 + 9.8 years. All of the 
patients had urodynamically proved urethral sphincter 
incompetence, although four patients also had a com- 
ponent of detrusor instability. 

Group 1 consisted of 96 patients (73.3%) who did 
not require surgery for genital prolapse after colpo- 
suspension operation. Thirty-five patients (26.7%) re- 
quired corrective prolapse surgery and were placed in 
group 2. 

The surgical procedures used to correct postcolpo- 
suspension prolapse are listed in Table I. Of the 131 
patients, 29 patients (22.1%) had a rectocele repair, 14 
(10.7%) underwent an enterocele repair, 17 (13.0%) 
had a hysterectomy, and three (2.3%) had a repeat col- 
posuspension subsequent to the initial colposuspension. 
A total of 40 operations were performed with 31 pa- 
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Table Ii. Primary operation 





Operation 


Colposuspension only 
Colposuspension + additional 19- 19:8- 46. -229 


operation 

Transabdominal hysterectomy 7 73 3 86 
Uterine suspension l 10 — = 
Posterior repair 10 104 4 1l4 
Moschcowitz and posterior l 10 — — 

repair 
Moschcowitz —_— = ] 2.9 
p = 0.889 (x’). 


tients requiring one additional surgery, three patients 
had two additional surgeries, and one patient required 
three subsequent operations to correct genital prolapse. 
At 20 operations, more than one procedure was re- 
quired to correct combined prolapse (i.e., enterocele 
and rectocele repair). The average time interval be- 
tween the initial colposuspension and the operation to 
correct symptomatic prolapse was 40.23 + 26.35 
months (range 9 to 70 months). The period of follow- 
up in the study ranged from 3 to 14 years with a mean 
of 5.1 + 1.41 years. Overall, 81.8% of the patients in 
the series were cured of stress urinary incontinence, 
82.3% in group | and 80.0% in group 2. 

A comparison of the clinical characteristics between 
those who had corrective prolapse surgery and those 
who did not demonstrates no significant difference in 
age, weight, parity, or menopausal status. There were 
only three patients in the study on hormone replace- 
ment therapy; two in group 1 and one in group 2, so 
this obviously had no relevance in the study. 

The incidence of previous surgery also did not ap- 
pear to be a significant factor for the subsequent de- 
velopment of prolapse. In group 1, 51 patients (53.1%) 
had no previous pelvic surgery compared with 20 pa- 
tients (57.1%) in group 2. Of those that had previous 
surgery, 45 patients in group | had 59 prior -pelvic 
operations, whereas 15 patients in group 2 had 30 pre- 
vious gynecologic surgeries. Twenty-five patients 
(26.0%) in group 1 had a previous hysterectomy com- 
pared with 13 (87.1%) in group 2, again not signifi- 
cantly different (p = 0.215). 

A summary of the principal surgical procedures in 
the study is seen in Table II. Overall, 104 patients 
(79.4%) had a colposuspension only, whereas the re- 
maining patients had a posterior repair, abdominal hys- 
terectomy, or culdoplasty in’addition to the colposus- 
pension. One patient had a uterine suspension. Al- 
though the number of patients who had additional 
procedures at the time of the primary colposuspension 
was small, they were evenly distributed between the two 
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Table III. Preoperative vaginal prolapse 



















Group I Croup 2 
(N = 96) (N = 35) 
Cystocele 
Mild 57 59.4 18 51.4 
Marked 21 21.9 15 42.9 0.027 
Rectocele 
Mild 53 55.2 16 45.7 
Marked 13 13.5 6 17.1 0.625 
Enterocele 
Mild 16 16.7 6 17.1 0.949 
Marked — — _ — 


*4?, Pearson coefficient. 


groups, and the additional surgery appeared to have 
no effect on the incidence of subsequent prolapse sur- 
gerv. An analysis of the spontaneous voiding day, post- 
operative return of bowel function, the total number 
of hospital days, and the perioperative complications 
demonstrated no difference between groups 1 and 2. 

Preoperatively, there was no difference between the 
two groups in the clinical symptoms associated with 
prolapse, such as a feeling of prolapse and the need 
for manual reduction of the posterior vaginal wall to 
facilitate bowel movements. Not surprisingly, the symp- 
toms of prolapse were significantly greater in group 2 
after the initial surgery (p = 0.00001), because these 
patients eventually required corrective prolapse sur- 
gery. The overall incidence of dyspareunia was de- 
creased after colposuspension and was not significantly 
different between the two groups. 

In the objective evaluation of uterovaginal prolapse 
in these patients, mild prolapse was defined as any de- 
scent of the vaginal wall or cervix with abdominal 
straining short of the vaginal introitus. Marked pro- 
lapse was defined as descent of the vaginal wall to the 
introitus or beyond. Preoperative assessment of vaginal 
prolapse revealed a significantly higher incidence of a 
marked cystocele in group 2 than group 1 (p = 0.027). 
There was no difference in the incidence of rectocele, 
enterocele, or uterine descent preoperatively (Tables 
IJI and IV). Because the percentage of patients with 
prolapse in each group exceeds 100% obviously there 
were some patients with combined prolapse (i.e., cys- 
tocele + rectocele or enterocele). 

After colposuspension there was a significant de- 
crease in the incidence of cystocele with only three pa- 
tients (2.5%) found to have a marked cystocele, com- 
pared with 36 patients (27.5%) preoperatively (Table 
V}. Just over one third of the pauients, evenly distrib- 
uted between groups | and 2, were found to have after 
colposuspension an asymptomatic, mild cystocele lo- 
cated near the uterine cervix or vaginal apex. 

A significantly higher incidence of rectocele, entero- 
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Table IV. Preoperative uterine descent 










Group 2 
Degree of (N = 22) 
ulerine 
descent 






Mild 16 22.5 8 36.3 
Marked I 


*y2, Pearson coefficient. 


cele, and uterine descent was found postoperatively in 
group 2 than in group 1, with 10 patients in group 2 
developing a marked rectocele, 7 developing a marked 
enterocele, and 9 with marked uterine descent ‘Tables 
V and VI). As was noted preoperatively, many of the 
patients had combined prolapse. Of the 19 patients in 
group 2 who had an intact uterus at the time of their 
second operation (first operation to correct prolapse), 
17 patients (89.5%) had the uterus removed as part of 
the procedure to correct their prolapse. It should be 
noted, however, that 64 patients (66.7%) from group 
] had an intact uterus that remained asymptomatic 
throughout the follow-up period after the colposus- 
pension. Furthermore, there was no difference in the 
percentage of patients with an intact uterus preoper- 
atively in groups l and 2, and the presence or absence 
of the uterus had no effect on the operation’s incon- 
tinence cure rate. 


Comment 


The Burch colposuspension procedure is an effective 
surgical means to treat urethral sphincter incompe- 
tence and to correct anterior vaginal wall prolapse. Our 
series confirms the findings of previous studies that a 
cystocele is well corrected by a colposuspension.®* ** We 
were also able to confirm that uterine preservation does 
not adversely affect the ability of the operation to cure 
stress incontinence. The fact that there was no differ- 
ence in the percentage of patients who had an intact 
uterus between the two groups suggests that uterine 
preservation does not predispose to postoperative pro- 
lapse. However, if a patient who develops prolapse has 
an intact uterus, the uterus is likely to require removal 
as part of the corrective prolapse surgery. 

We were surprised to find that neither age, parity, 
weight, menopausal status, nor prior pelvic surgery 
predisposed to postoperative prolapse. Although the 
incidence of curing stress incontinence had been found 
to be lower in postmenopausal women than their pre- 
menopausal counterparts,” the incidence of postop- 
erative prolapse appears no different in our series. 

The only factor we were able to identify as a pre- 
operative risk for the development of postoperative 
enterocele, rectocele, and uterine descent was the pres- 
ence of marked anterior vaginal wall prolapse (i.e., a 
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Table V. Postoperative vaginal prolapse 













Group I Group 2 
(N = 96)* (N = 35)f 
Cystocele 
Mild 35 36.5 10 28.6 
Marked 2 Pel 1 2.8 0.848 
Rectocele 
Mild 51 53.7 14 40.0 


Marked 11 11.6 10 28.6 0.001 
Enterocele 
Mild 20 21.3 10 28.6 


Marked 5 53 7 20.0 0.0002 


*Last outpatient visit. 
tLast outpatient visit before second operation. 
tx’, Pearson coefficient. 


cystocele that descends to the vaginal introitus or be- 
yond), although the majority of patients had no iden- 
tifiable risk factor. The elevation of the anterior vaginal 
wall that occurs with the Burch colposuspension may 
change the axis of the posterior vaginal wall, exposing 
it to a greater degree of intraabdominal pressure. A 
large cystocele would tend to be quite mobile with a 
resultant greater elevation of the anterior vaginal wall 
after colposuspension, which may result in a greater 
tendency for the disruption of the support to the vag- 
inal apex and the posterior vaginal wall. These findings 
may also reflect an intrinsic weakness of the pelvic sup- 
port tissues in these patients. Sayer et al.** performed 
surgical biopsies of the pubocervical fascia in 60 women 
with uncomplicated stress incontinence. They con- 
cluded that the collagen in stress incontinent women 
with bladder neck prolapse is weaker than those with- 
out prolapse. Because all of fascia of the pelvic floor is 
interrelated, it is reasonable to assume this weakness 
may extend to the fascia of the posterior vaginal wall 
and uterine supporting ligaments as well. If this is the 
case, there may be little that can be done to prevent 
the postoperative prolapse from developing. Although 
only 20.6% of the patients in our series had transab- 
dominal hysterectomy, culdoplasty, or posterior repair 
at the time of colposuspension, the addition of these 
procedures did not decrease the incidence of subse- 
quent corrective prolapse surgery. This was also the 
experience reported by Burch.’ In his initial report of 
53 cases, four patients (7.5%) developed postoperative 
enteroceles. ‘Three of the four had a transa-dominal 
hysterectomy and culdoplasty at the time of colposus- 
pension. 

Although this study seems to confirm the suspicion 
that the Burch colposuspension weakens the support 
to the vaginal vault and posterior vaginal wall, it is 
possible that other life events in these women may play 
a role. As the average time from colposuspension to 
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Table VI. Postoperative uterine descent 













Group I Group 2 





Degree of (N = 64) (N = 19) 
uterine 
Mild E (3 26.5 3 15.8 
Marked 3 4.7 9 47.3 0.000C0 


*y?, Pearson coefficient. 


corrective prolapse surgery was 3 years, the effects of 
entering menopause, weight gain, changes in life-style, 
and aging of tissues may have an influence on the de- 
velopment of prolapse; these factors are difficult to 
quantitate. However, the potential of this operation to 
predispose to genital prolapse through the alteration 
of the vaginal axis cannot be ignored. 

In conclusion, postoperative enterocele, rectocele, 
and uterine descent are significant late complications 
of the Burch colposuspension procedure in our series. 
The only preoperative risk factor identified is marked 
anterior vaginal wall prolapse, and methods to prevent 
postoperative prolapse remain unclear. We suggest that 
preoperatively patients be carefully evaluated for gen- 
ital prolapse. If significant genital prolapse is present, 
it should be corrected at the time of colposuspensicn. 
In patients with a large preoperative cystocele, pro- 
phylactic culdoplasty and correction of minimal uterine 
descent and rectocele should be considered. However, 
all patients are at risk for the development of postcol- 
posuspension uterovaginal prolapse. During preoper- 
ative patient consultations, the risk of postoperative 
prolapse after the Burch procedure and the possible 
need for subsequent corrective surgery should be dis- 
cussed. 


We thank Dr. William Graves for his statistical con- 
sultation. 
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-Discussion 


Dr. STEWART J. WETCHLER, Newport News, Virginia. 
When an operation is performed to correct stress in- 
continence, the surgeon considers whether other pro- 
cedures should be performed concomitantly. Most gy- 
necologists will correct other detectable symptomatic 
defects in pelvic support. But should asymptomatic de- 
fects be corrected? Should any prophylactic procedures 
be performed to preclude the development of new de- 
fects, and are those prophylactic procedures effective? 
To begin answering these questions, one must know 
the actual incidence of genital prolapse after surgery 
to correct stress urinary incontinence. The authors 
have reported that incidence in this series from a very 
well respected service. 

Wiskind et al. reviewed 131 cases of Burch colpo- 
suspension for stress urinary incontinence. They ana- 
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lyzed the need for subsequent surgery for genital pro- 
lapse. Of the 13] patients, 35 (or 27%) required 40 
additional operations. Thorough analysis demon- 
strated that the presence of a marked cystocele was the 
only preoperative finding that predicted the develop- 
ment of postoperative relaxation. 

While reviewing this paper, a few questions arise 
about the study design. First, how were patients selected 
for a second operation? Was the surgery performed 
only if symptoms were present or were asymptomatic 
defects repaired? Second, what were the criteria for 
“cure” of stress incontinence? The stated cure rate of 
81.1% overall is slightly lower than quoted elsewhere, 
but this may simply reflect stringent criteria for cure. 
A third question is how many of the patients were 
menopausal? It is surprising that only three patients 
were on hormone replacement therapy. If a significant 
number of postmenopausal patients were included in 
this study and very few were on hormonal replacement, 
then their symptoms of genital prolapse might have 
been exacerbated by urogenital atrophy. Estrogens, of 
course, will not correct an. anatomic defect, but hor- 
mone replacement might have relieved symptoms and 
so decreased the need for surgery to correct genital 
prolapse. The final question for Dr. Wiskind is how 
were patients examined preoperatively? Pelvic exami- 
nations are usually performed in the supine position. 
Dr. David Nichols and others have advocated perform- 
ing examinations in the standing position. Such an ex- 
amination is awkward to perform, but might detect 
more defects in support which could be corrected at 
the initial operation. 

The authors state that if a large cystocele is present, 
“prophylactic culdoplasty and correction of minimal 
uterine descent and rectocele should be considered.” 
The authors feel, however, that “there may be little that 
cen be done to prevent postoperative prolapse from 
developing.” It is suggested that the addition of a cul- 
doplasty would not decrease the incidence of postop- 
erative enterocele formation and that Dr. Burch had 
the same experience. In the original 1961 article Burch 
reported the occurrence of four enteroceles; however, 
three were after “plication of the cardinal and utero- 
sacral ligaments.” An actual culdoplasty was not per- 
formed. He goes on to say, “Since amending the 
plication of the cardinal and uterosacral ligaments 
and utilizing the Moschcowitz type of procedure 
the postoperative results have been much better 
and I do not believe that the development of a post- 
cperative enterocele will be a major problem in the 
future,” 

In 1968 Burch still strongly favored cul-de-sac oblit- 
eration, and he diagrammed < detailed closure of the 
pouch of Douglas.? Unfortunately, data do not exist to 
evaluate the effectiveness of such a procedure. The 
current paper reports a signincant 27% incidence of 
postoperative genital prolapse. It therefore seems pru- 
dent to perform any reasonable procedure that should 
obviate the need for a repeat operation. At the time of 
retropubic urethropexy, I wil therefore continue to 
perform prophylactic culdoplasty with permanent su- 
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ture and to correct other significant defects in pelvic — 
support. In patients with severe medical: problems, I 


will minimize anesthetic time and intraoperative risks 
by only correcting symptomatic or severe defects. 
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Dr. WILLIAM T. MiIxson, Miami, Florida. I’m dis- 


turbed about the definition of mild prolapse; later you -> 


said minimal prolapse. That sounds about like the 
amount of mobility that is present in most parous pa- 
tients. It is usually asymptomatic and not worthy of 
consideration either preoperatively or postoperatively. 
Why can’t you leave those patients alone? If you could 
break the paper down into those who had true prolapse 
and leave out those that you define as mild prolapse, I 
think it would have more significance. 

Dr. WIsKIND (Closing). I agree with your point, Dr. 
Mixson, and during our analysis we were much more 
concerned with those patients who had marked pro- 
lapse as opposed to those who had mild or minimal 


prolapse. However, mild prolapse was sometimes clin- . 


ically important because there were patients who had 


symptomatic mild prolapse that needed to be corrected 


subsequent to the colposuspension. 

As for how the patients were selected for postoper- 
ative surgery, most commonly it was by symptoms. Mr. 
Stanton believes that patients who have asymptomatic 
prolapse, unless the prolapse was quite significant, 
should be left alone due to the potential for scarring. 
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‘Therefore the criteria for postoperative correction of 
prolapse was the patient’s symptoms of pelvic pressure, 


back pain, or in the case of rectocele, the need for 
manual assistance during defecation. 

The criteria for the cure for stress incontinence was 
both subjective and objective. First, whether the patient 
clinically said she was dry; second, the objective visu- 
alization of stress incontinence on examination; and 
third using a modified pad test, where the patients who 
came back to clinic were asked to do the provocative 
procedures for the ICS extended pad test while wearing 
a pad with a piece of nitrazine paper on it to check for 
urinary leakage. If the patients met all those criteria, 
they were considered to be dry. 

I think that I can comment a little on Mr. Stanton’s 
relatively low cure rate in that St. George’s Hospital is 
a tertiary referral center and many of the patients had 
previous incontinence surgery before colposuspension. 

As far as why so few patients were on hormone re- 
placement therapy, I think that it is a function of the 
National Health Service in England. They don’t ad- 
vocate putting patients on hormone replacement ther- 
apy because it is expensive. The patients have to ask 
for hormone replacement therapy before they are 
placed on it. At least that was my experience. It is not 
encouraged and it is not discussed with patients as they 
are seen for their clinic visits. 

As far as how the patients were examined preoper- 
atively, they were examined with a Sims speculum by 
Mr. Stanton with the patients on their side. The Sims 
speculum was first placed against the posterior vaginal 
wall to look for anterior prolapse and then on the an- 
terior vaginal wall to look for vault and posterior vag- 
inal wall prolapse. Occasionally, the patients were ex- 
amined erect, but that was certainly not the norm. 


Evaluation of pretreatment transvaginal ultrasonography in the 


management of patients with endometrial carcinoma 


Charles F. Shipley II, MD, Sidney T. Smith, MD, Edward J. Dennis ITI, MD, and 
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Columbia, South Carolina 


OBJECTIVE: The objective of tris study was to evaluate the usefulness of pretreatment assessment with 


ultrasonography in patients with endometrial carcinoma. 


STUDY DESIGN: Fifty patients with endometrial carcinoma diagnosed by endometrial biopsy or curettage 
were studied before hysterectomy, bilateral salpingo-oophorectomy, and selected lymph node sampling. 
Ultrasonographic criteria for determination of tumor grade, depth of myometrial invasion, uterine volume, 
and tumor volume were established. Tumor grade was compared with preoperative and postoperative 
pathologic diagnoses, depth of invasion was compared with postoperative pathologic evaluation, and 
uterine volume and tumor volume were compared with postoperative evaluation of tumor grade and depth 
of invasion. Data were analyzed 3y xê testing, and, where appropriate, sensitivity, specificity, and accuracy 


of ihe ultrasonographic measurements were determined. 


RESULTS: The following statistically significant correlations (p = 0.05) were found. Ultrasonography 
predicted tumor grade as accurately as preoperative pathologic evaluation did. Depth of invasion =50% or 
>50% significantly correlated. Uterine volume =<200 mi predicted <50% depth of invasion 28 of 32 times. 
Uterine volume >500 ml was noted in six cases; five of these had grade 2 or 3 tumor and four had depth 
of invasion >50%. Tumor volume =20 ml predicted a grade 1 tumor in 25 of 39 cases and depth of 
invasion =59% in 34 of 39 cases Tumor volume >20 ml correlated with a grade 2 or 3 tumor in 11 of 11 
cases and a depth of invasion >£0% in seven of 11 cases. In 25 grade 1 tumors diagnosed 
postoperatively by pathologic study, none was associated with a tumor volume >20 ml. 

CONCLUSION: Pretreatment ultrasonographic measurements should be of value in the management of 
patients with endomeirial carcinoma. (AM J OBSTET GYNECOL 1992:167:406-12.) 


Key words: Pretreatment, transvaginal ultrasonography, endometrial carcinoma 


Endometrial carcinoma is the most common malig- 
nancy of the female reproductive tract. Appropriate 
initial management is determined by correct preoper- 
ative clinical staging; however, the preoperative clinical 
staging is often incorrect when compared with intra- 
operative and postoperative pathologic findings.'* We 
hypothesize that ultrasonographic knowledge of tumor 
differentiation, depth of myometrial invasion, uterine 
size, and tumor volume may be useful in making ap- 
propriate preoperative planning. The need for more 
sophisticated evaluation of potential distant metastasis 
or nodal disease with computerized tomographic (CT) 
scanning* ° or magnetic resonance imaging (MRI)° 
could be identified. This knowledge might influence 
clinical management. The use of preoperative 
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radiation’ or more or less invasive surgical procedures 
might be indicated. 

The evaluation of pretreatment transvaginal ultra- 
sonography and its potential usefulness in the man- 
agement of patients with endometrial carcinoma is pre- 
sented. 


Material and methods 


Fifty-six patients with a diagnosis of endometrial car- 
cinoma by endometrial biopsy or curettage were re- 
ferred to the ultrasonography unit. Six patients were 
excluded from the study. Two patients evaluated by 
ultrasonography were thought to have endometrial hy- 
perplasia (confirmed by a repeat curettage), two pa- 
tients received radiation therapy, one patient refused 
surgery, and one patient died before surgery. 

After ultrasonographic evaluation all patients had a 
total abdominal hysterectomy with bilateral salpingo- 
cophorectomy with selected pelvic or periaortic lymph 
node sampling. 

All ultrasonographic examinations were performed 
by the same investigator (CFS) with an ATL Ultramark 
IV with a 5 and 7.5 MHz transvaginal transducer with- 
out knowledge of the tumor description on the pre- 
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Fig. 1. Uterine measurements: L, Longitudinal diameter; AP, 
anteroposterior diameter; TI, transverse diameter. Tumor 
measurements: TA, Tumor area; TD, tumor depth; MD, myo- 
metrial depth. Depth of invasion (percent), TD/MD x 100; 


T2, transverse diameter. 


operative pathology reports. All patients had the fol- 
lowing evaluations. 

Tumor grade was determined at ultrasonography 
with the following criteria: grade 1, hypoechoic ap- 
pearance (relative to myometrium) with a complex mot- 
tled, cribriform pattern throughout the tumor; grade 
2, hypoechoic appearance with a more homogeneously 
solid pattern; and grade 3, relatively isoechoic or hy- 
perechoic appearance and a homogeneously solid 
tumor. 

Tumor grade was determined in the preoperative 
and postoperative pathologic specimens by the De- 
partment of Pathology with the recommendations of 
the International Federation of Gynecologists and Ob- 
stetricians. 

Depth of myometrial invasion was determined by 
measuring the distance from the endometrial cavity 
luminal interface with the myometrium to the most 
distal depths of tumor, dividing this distance by the 
total thickness of the myometrial wall involved and mul- 
tiplying by 100.*° This is shown in Fig. 1. 

Uterine measurements consisted of longitudinal 
length from the internal os to the outer serosal edge 


of the fundus in the sagittal plane. An anteropostericr 
diameter was obtained in the same sagittal view of the 
greatest diameter of the fundus 90 degrees to the lon- 
gitudinal axis. The uterine transverse diameter was ob- 
tained at the largest diameter in the fundus in the trans- 
verse plane. These are illustrated in Fig. 1. 

Uterine volume was calculated as a parallelogram by 
multiplying longitudinal length x anteroposterior di- 
ameter X transverse diameter, which is expressed in 
milliliters. Although this does not represent a true uter- 
ine volume because the uterine shape was not taken 
into account, the measurement of this volume (paral- 
lelogram) is approximately 1.6 times the volume of its 
enclosed uterus.”® 

Tumor measurements consisted of (1) a circum- 
scribed area (square centimeters) of the “tumor as 
viewed in iis greatest dimension longitudinally and in 
a sagittal plane and (2) the transverse measurement of 
the tumor at its greatest distance in a transverse plane. 
These are also demonstrated in Fig. 1. Tumor volume 
was calculated by multiplying the circumscribed area 
(square centimeters) by the greatest distance in a trans- 
verse plane in centimeters; it is expressed in milliliters. 
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Table IA. Comparison of tumor grade: Ultrasonographic versus preoperative pathologic diagnosis 












Ultrasonographic 

diagnosis 
Grade 1 4 
Grade 2 ] 9 


Grade 3 ] . 2 


Preoperative diagnosis 


9) 






43.2 <0.001 


Orne 


Table IB. Comparison of tumor grade: Ultrasonographic versus postoperative pathologic diagnosis 












Ultrasonographic 





diagnosis 
Grade 1 
Grade 2 l 9 
Grade 3 0 , l 


Postoperative diagnosis 


0 






<0.901 


ll 


Table IC. Comparison of tumor grade: Preoperative versus postoperative pathologic diagnosis 












Preoperative 
diagnosis 


Grade 1 
Grade 2 
Grade 3 





Again, this volume does not represent the true tumor 
volume but is thought to be consistently related to tu- 
mor volume. The true volume can only be calculated 
when the exact, three-dimensional shape of the tumor 
is taken into account. 

Statistical significance was calculated with the x° test. 
When appropriate, sensitivity, specificity, and accuracy 
were determined with the following formulas: Sensi- 
tivity = True positive + (True positive + False nega- 
tive); Specificity = True negative + (True nega- 
tive + False positive); Accuracy = (True posi- 
tive + True negative) + (True positive + True 
negative + False positive + False negative). 


Results 


The age (mean + 1 SD) of the study population was 
53 + 14 years with a range of 26 to 83 years. The body 
weight (mean + 1 SD) was 185 + 55 pounds with a 
range of 108 to 310 pounds. Nineteen (38%) of the 
patients weighed >200 pounds. The mean time be- 
tween curettage or endometrial biopsy and ultrasono- 
graphic evaluation was 31 + 16 days with a range of 6 
to 71 days. The mean time between ultrasonographic 
evaluation and hysterectomy was 23 + 22 days witha 
range of | to 150 days. 

After hysterectomy, a diagnosis of endometrial car- 
cinoma was confirmed in 44 patients. Six patients had 


Postoperative diagnosis 






x 





<0.001 


3 8 es, 


malignant millerian mixed tumors, all of which were 
poorly differentiated (grade 3). The grading of mül- 
lerian mixed tumors was based on their most Hegniani 
component. 

Comparisons of tumor grade by ultrasonography 
and the preoperative and postoperative pathologic 
evaluations are presented in Tables IA, IB, and IC. As 
can. be seen, there is good correlation between each 
pair of grading methods. 

Table IJ compares the depth of invasion as deter- 
mined by ultrasonography with the postoperative 
pathologic evaluation. Again, z significant correlation 
is found between these two measurements. 

The relationship between uterine volume and tumor 
grade is shown in Table III. We examined three critical 
measurements of uterine volume, ie., S100 or >100, 
<200 or >200, =590 or >500 ml. The only statistically 
significant correlation was found at critical uterine vol- 
ume of 500 ml. l 

Table IV depicts the relationship between measure- 
ments of uterine volume and depth of invasion. There 
is a statistically significant correlation between these two 
measurements at the critical uterine volumes of 200 
and 500 ml. 

It can be seen in Tables V and VI that tumor volume 
is statistically significantly related to both tumor grade 
and depth of invasion. Three critical levels of tumor 
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Table II. Comparison of depth of invasion: Ultrasonographic versus postoperative pathologic diagnosis 






Ultrasonography 


=50% 
>50% 3 





Sensitivity 58%; Specificity 92%; accuracy 84%. 


Postoperative pathologic diagnosis 






2 4.5 <0.001 


Table III. Relationship between uterine volume and postoperative pathologic tumor grade 















Uterine volume 


(ml) 


=100 

>100 ie : 
=200 19 8 
>200 6 4 
=500 24 ll 
>500 l l 


NS, Not significant at p = 0.05 level. 


Tumor grade 





I 
12 4.3 NS 
5 53 NS 
9 

4 6.0 <0.05 


Table IV. Relationship between uterine volume and postoperative pathologic depth of invasion 










Depth of invasion 







Uterine volume 


(ml) 


<100 14 1 
>100 24 1l 3.5 
<200 28 4 

>200 10 8 6.4 
<500 36 8 4 
>500 9 4 


NS, Not significant at p = 0.05 level. 


volume were evaluated, i.e., =10 or >10, =20 or >20, 
=50 or >50 ml. Statistical SENGE was found at all 
three critical levels. 


Comment 


We have attempted to determine the pracrical use- 
fulness of pretreatment measurements of tumor grade, 
depth of invasion, uterine volume, and tumor volume 
by ultrasonography. 

Without ultrasonography (or some other imaging 
technique), the only information available te the gy- 
necologic surgeon is uterine size by physical examina- 
tion and tumor grade by endometrial biopsy or curet- 
tage. Because many of these patients are obese, viewing 
the uterus with ultrasonography should improve the 
estimation of uterine size. In addition, evaluation of 
depth of invasion and tumor volume are not available 
by standard procedures. Tumor extension into the cer- 
vix and extension beyond the uterus, although not 
presented here, have been described by other investi- 
gators." 








Sensitivity Specificity 





NS G2% 37% 50% 
' <0.05 67% 74% 72% 
<0.01 33% 95% 80% 


Comparing the accuracy of preoperative pathologic 
evaluation with ultrasonography in predicting the post- 
operative pathologic tumor grade, the postoperative 
pathologic evaluation showed grade 1, 2, or 3 tumors 
in 25, 12, and 13 patients, respectively. The preoper- 
ative pathologic evaluation correctly predicted grade 1, 
9 and 3 tumors in 84%, 83%, and 77% of patients, 
respectively. The overall accuracy was 82%. Grading 
by ultrasonography was correct in 96%, 75%, and 85% 
of the patients, respectively. Overall accuracy was 88%. 
Another way of evaluating these data (probably a more 
useful way clinically) is to determine the accuracy of 
the predictions. The preoperative pathology report 
showed 23 grade 1, 15 grade 2, and 12 grade 3 tumors. 
The preoperative reports were correct 91%, 67%, and 
83% of the time. Overall predictive accuracy was 82%. 
At prospective ultrasonographic evaluation, there were 
26 grade 1, 12 grade 2, and 12 grade 3 tumors, re- 
spectively. The evaluations were correct 92%, 75%, and 
92% of the time. Overall accuracy was 88%. It would 
appear that tumor grading by ultrasonography is at 
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Table V. Relationship between tumor volume and postoperative pathologic tumor grade 











Tumor volume 


- (mì) 


=10 19 5 
>10 6 7 
<20 25 § 
>20 0) 4 
=50 25 10 

c} 


>50 0 








Tumor volume 


(ml) 





25 


<10 9 
>10 13 10 
=20 34 5 
>20 4 7 14.2 
<50 36 8 
>50 9 4 6.8 


least as accurate as grading by preoperative endome- 
trial biopsy or curettage. 

Knowledge of depth of invasion of the tumor into 
the myometrial wall is additional information available 
by ultrasonography not availab:e by biopsy or curet- 
tage. When ultrasonography evaluation predicted 
depth of invasion =50% or >50%, the predictions were 
correct 88% and 70% of the time, respectively. This 
accuracy is comparable with mare sophisticated imag- 
ing techniques.'~ * 

With regard to the measurement of uterine volume, 
it would appear that knowledge of small ($200 ml) or 
large (>500 ml) uterine volumes may be useful as pre- 
dictive values. A uterine volume $200 ml predicted 
=50% depth of invasion 88% of the time. A uterine 
volume >500 ml predicted a grade 2 or 3 tumor and 
>50% depth of invasion 83% and 67% of the time, 
respectively. Although knowledge of large uterine vol- 
ume (>500 ml) would appear tc provide the more use- 
ful information, these volumes were found in only 12% 
of study patients. 

Tumor volume =20 or >20 ml may be of predictive 
value. Tumor volumes =20 ml correctly predicted a 
grade 1 tumor and <50% depth of invasion 64% and 
&7% of the time, respectively. A tumor volume >20 m] 
predicted a grade 2 or 3 tumor and >50% depth of 
invasion 100% and 64% of the time, respectively. In 
none of 25 cases was a grade |] tumor associated with 
a tumor volume >20 ml. 

We conclude that these data support the hypothesis 
that pretreatment ultrasonographic measurements 
may provide useful information before surgery. The 
gynecologic oncologist might decide that further stud- 
ies, such as MRI, are indicated or may modify the treat- 


Tumor grade 


Depth of invasion 
x" 
8.9 







10 10.6 <0.01 
$ 9.6 <0.01 
9 
4 8.0 <0.05 






Accuracy 





<0.01 83% A 70% 
<0.001 58% 89% 82% 
<0.01 33% 95% 80% 


ment plan to include radiation therapy or a more or 
less extensive surgical procedure. 
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Editors’ note: This manuscript was revised after these 
discussions were presented. 


Discussion 


Dr. MARK A. CROZIER, Greenville, South Carolina. 
No aspect of gynecologic oncology is more confusing 
and yet more relevant to obstetricians and gynecologists 


than the management of endometrial carcinoma. 


There is considerable variation in the type of surgery 
recommended; which, if any, adjuvant treatment is 
needed; and the timing of the adjuvant therapy. An 
attempt to clarify this confusion is not the purpose of 
this paper. What is well established is that there are 
patients with well differentiated cancers and superficial 
myometrial invasion who have a very low incidence of 
retroperitoneal nodal metastasis and survival rates 
around 90% that can be adequately treated with total 
abdominal hysterectomy and bilateral salpingo-oopho- 
rectomy without extended surgical staging or adjuvant 
irradiation. Patients with poorly differentiated or 
deeply invasive tumors have a higher incidence of nodal 
metastasis and poorer survival rates and probably 
should have adjuvant therapy or extended surgical 
staging. 

Most patients with endometrial cancer are initially 
seen by or referred to an obstetrician or gynecologist. 
Few will be directly seen by a gynecologic oncologist. 
Most obstetricians and gynecologists in general practice 
are not comfortable performing the extended surgical 
staging currently recommended for endometrial car- 
cinomas. However, a significant percentage of endo- 
metrial cancers are well-differentiated, superficial can- 
cers that can be adequately treated with total abdominal 
hysterectomy and bilateral salpingo-oophorectomy 
without extended surgical staging or adjuvant therapy. 
Referral to a gynecologic oncologist results in addi- 
tional expense, perhaps referral out of the patient’s 
home community, and loss of continuity of care with 
the primary physician. In addition, many of these pa- 
tients are elderly, obese, or have medical problems and 
can ul afford extended surgery or adjuvant irradiation 
therapy that will not benefit them. Several studies have 
established the relative inaccuracy of clinical staging, 
i.e., physical examination and curettage. ‘This is one of 
the reasons that International Federation o? Gynecol- 
ogists and Obstetricians has adopted a surgical patho- 
logic method of staging endometrial carcinomas. An 
accurate preoperative method of assessing prognostic 
factors such as grade and depth of myometrial invasion 
would allow the patients with well-differentiated su- 
perficial cancers to be treated by total abdominal hys- 
terectomy and bilateral salpingo-oophorectomy with- 
out referral, while those with poorly differentiated or 
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deeply invasive cancers could be referred for extended 
surgical staging or adjuvant therapy. This study kas 
attempted to determine the ability of preoperative vag- 
inal probe ultrasonography to predict two well-known 
prognostic factors in endometrial carcinoma, that is, 
final pathologic grade and depth of myometrial inva- 
sion. It has also introduced two ultrasonographic pa- 
rameters that seem to correlate with grade and depth 
of invasion, that is, uterine volume and tumor volume. 

Pretreatment vaginal probe ultrasonography pre- 
dicted postoperative pathologic grade in 24 of 26 grade 
] tumors, nine of 12 grade 2, and 11 of 12 grade 3 
tumors. All of these were statistically significant cor- 
relations. Preoperative vaginal probe ultrasonography 
predicted postoperative depth of invasion for 35 of 40 
<50% and seven of 10 >50% invasion. Both of these 
achieved statistical significance. Tumor volume showed 
statistical correlation with both grade and depth of in- 
vasion. Of note was that no grade 1 cancer had a tumor 
volume >20 mi and that 11 of 11 tumors >20ml were 
grade 2 or 3. The numbers are small, but vaginal probe 
ultrasonography appears to predict, with a high degree 
of accuracy, both grade and depth of invasion. Com- 
bining this with the parameters of uterine volume and 
tumor volume, we may be able to accurately predict 
preoperatively significant pathologic prognostic facters 
and provide more effective and less morbid treatment. 

I would like to close by asking several questions. First, 
have there been comparisons between vaginal probe 
ultrasonography, CT scan, and MRI in predicting 
grade and depth of invasion? Second, is there any rea- 
son to order an MRI if a vaginal probe ultrasonographic 
examination is done? Third, have tumor volume and 
uterine volume been looked at as independent preg- 
nostic factors in endometrial cancer? Finally, does uter- 
ine volume add anything that tumor volume won’t tell 

ou? 

i DR. CHARLES F. SnrLey III (Closing). Dr. Crozier 
has certainly identified several applications of ultraso- 
nography in its use in patients with endometrial car- 
cinoma. I would first like to address his questions in- 
dividually. “Have there been comparisons between vzg- 
inal probe ultrasonography, CT scan, and MRI in 
predicting grade and depth of invasion?” I know of no 
study where all three techniques were performed on 
the same patient sample with direct comparisons made 
of the predictive accuracy of the methods. However, 
there are certainly several studies that have analyzed 
individual techniques for predicting grade and depth 
of invasion. Although I have not analyzed or compared 
them statistically, they certainly do not appear to be 
very similar in their predictions. 

The second question was, “Is there any reason to 
order an MRI if vaginal probe ultrasonography is- 
done?” If the history, physical examination, pathology 
reports, and ultrasonographic data collectively suggest 
a very good possibility of nodal disease or distant dis- 
ease, then I certainly think CT and MRI may be helpful 
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and appropriate to evaluate the process. The corollary 
is also true; if the data strongly suggest that the tumor 
is limited to the uterus, then I suspect that CT and MRI 
would not be necessary. 

Third, “Have tumor volume and uterine volume 
been studied as independent pregnostic factors in en- 
dometrial carcinoma?” To my knowledge, tumor vol- 
ume has not previously been evaluated as a prognostic 
factor in endometrial carcinoma transvaginally. Uterine 
size classically has been evaluated by measuring the 
depth of the uterine cavity in the past. I strongly suspect 
that this was a very crude attempt to,define tumor vol- 
ume as opposed to actual uterine size. I know of no 
study in which the evaluation of uterine size by mea- 
suring its volume has been adequately evaluated. 

Finally, “Does uterine volume add anything to tumor 
volume that tumor volume won’t tell you?” First let me 
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say that the determination of uterine volume, as you 
can see from the presentation, is a very easy measure- 
ment to make and not extremely time consuming. It 
seems to me that the best way to use this measurement 
would be when the uterus is either very small or very 
large. Small uteri were associated with very, if you will, 
low risk or less aggressive disease and large uteri are 
associated with more severe disease. It simply contrib- 
utes additional information when trying to differentiate 
between mild and severe disease. It also is very difficult 
in very large uteri to evaluate the endometrial cavity be- 
cause of changes in the distance to the endometrial cav- 
ity where the resoluiion is not quite as good; therefore 
it may be helpful. It is my belief that the measurement 
of tumor volume will eventually be shown to be a more 
useful measuremeni; however, I see no reason to dis- 
continue making the measurement at this time. 
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The efficacy of radiation therapy in the management 
of malignant disease is well established. Adequate tu- 
moricidal doses may result in adverse effects on sur- 
rounding healthy tissue. The pathophysiologic char- 
acteristic of radiation tissue damage is one of a pro- 
gressive obliterative endarteritis, leading to a 
hypovascular, hypoxic, and hypocellular tissue bed.’ 
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Subsequent tissue breakdown may occur sponta- 
neously, particularly when the total radiation dose is 
high or as a result of direct trauma. The greatly in- 
creased demand for oxygen and other cellular metab- 
olites associated with tissue healing will exceed available 
supply in this setting, leading to a chronic, noaresolving 
wound. Although the sensitivity to radiation damage 
varies from tissue to tissue, therapeutic radiation-in- 
duced necrosis has been reported in a wide variety of 
anatomic sites. Hyperbaric oxygen therapy has recently 
been demonstrated to overcome the effects of late ra- 
diation-induced changes by a potent angiogenic effect. 
Intermittent exposure to elevated oxygen doses at 2.0 
to 2.5 atmospheres absolute pressure will effectively 
manage tissue hypoxia and reestablish the oxygen gra- 
dient necessary to induce wound healing responses.* 
The majority of clinical experience has centered on the 
treatment of osteoradionecrosis of the mandible with 
limited experience involving soft tissue, bladder, mye- 
lin, and gastrointestinal tract.* * This article documents 
the successful use of hyperbaric oxygen therapy in the 
management of radiation damage to the cervix and 
vaginal vault. 


Material and methods 


Patients referred from the Division of Gynecologic 
Oncology at the University of South Carolina School 
of Medicine to the Department of Hyperbaric Medicine 
at Richland Memorial Hospital for treatment of radia- 
tion-induced soft tissue necrosis were studied. Patients 
were examined by senior faculty, and aggressive at- 
tempts were made to rule out recurrent or metastatic 
disease with routine radiographic procedures and bi- 
opsy of necrotic wounds. 

Patients accepted for hyperbaric oxygen therapy 
were free of active malignancy for at least 6 weeks be- 
fore beginning treatment. Patients also had failure of 
healing after 3 months of conservative therapy. This 
therapy included hydrogen peroxide or antiseptic ir- 
rigation, topical conjugated estrogen, nutritional sup- 
plementation, and surgical debridement where indi- 
cated. 

On referral all patients were examined by a hyper- 
baric medicine consultant. A thorough history was ob- 
tained and physical examination was performed to en- 
sure that no medical contraindications to hyperbaric 
oxygen therapy were present. A course of therapy was 
then outlined to include number of treatments, total 
duration of each treatment, and number of treatments 
per day. 

A Sechrist Monoplace (Sechrist Industries, Anaheim, 
Calif.) hyperbaric chamber was used for all patients. 
Compression to 2.0 atmospheres absolute pressure was 
undertaken while the patient breathed 100% oxygen. 
Patients were carefully monitored during each treat- 
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ment session by registered nurses under the supervi- 
sion of the Director of Hyperbaric Medicine. 

Patients were examined by the Gynecologic Oncology 
faculty at the end of the recommended course of ther- 
apy, and results of treatment were documented. 


Results 


From 1986 to 1991, 18 patients with radiation-in- 
duced soft tissue necrosis were referred by Division of 
Gynecologic Oncology for hyperbaric oxygen therapy. 
Four patients did not complete therapy. Therapy was 
discontinued in three with histologic evidence of re- 
current disease. A fourth patient refused to continue 
therapy because of severe anxiety associated with con- 
finement in the hyperbaric chamber. Fourteen patients 
completed 15 courses of the recommended number of 
treatments. The mean age of the patients was 53 years, 
with a range from 35 to 78 years. The primary site of 
cancer was cervix (nine patients), endometrium (one 
patient), vagina (three patients), and colon (one pa- 
tient). All patients had received external beam radiation 
with a mean dose of 4830 Gy. In addition, 53% of 
patients received intracavitary radiation. 

Eleven patients received hyperbaric oxygen therapy 
for soft tissue radionecrosis of the vaginal vault alone. 
Two patients were treated for vaginal necrosis with an 
associated rectovaginal fistula. One of these patients 
had previously been successfully treated with hyper- 
baric oxygen therapy for soft tissue radionecrosis of the 
vagina 4 years before development of recurrent necro- 
sis of the vagina with rectovaginal fistula formation. 
One patient was treated for necrosis of the abdominal 
wall in the area of external beam radiation therapy. 
Another patient developed massive necrosis of the ab- 
dominal wall, sacrum, and vagina with development of 
large vesicovaginal and rectovaginal fistulas. 

Hyperbaric oxygen therapy was given at 2.0 atmo- 
spheres absolute pressure one to two times per day for 
90 to 120 minutes each. The average number of treat- 
ments was 44 with a range of 18 to 143. Compression 
was well tolerated in all patients. The only complication 
was seen in one patient who suffered a ruptured tym- 
panum, which healed spontaneously without sequelae. 
No patient required interruption of therapy due to a 
complication of compression. 

Each of the 11 patients with soft tissue radionecrosis 
of the vagina alone showed marked improvement or 
complete resolution of necrosis at the completion of 
therapy. Complete resolution was seen in all patients 
within 8 weeks of hyperbaric oxygen therapy. One of 
these patients developed recurrent squamous cell car- 
cinoma of the cervix in the. bladder base. She under- 
went anterior exenteration one year after hyperbaric 
oxygen therapy. The vaginal cuff healed well, and there 
is no evidence of necrosis 9 months after surgery. Both 
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patients with rectovaginal fistulas underwent fecal di- 
version by loop colostomy followed by hyperbaric oxy- 
gen therapy with resolution of necrosis. Rectovaginal 
fistula repair was performed with subsequent closure 
of loop colostomy. Three years after surgery there is 
no evidence of recurrent necrosis or fistula. A patient 
with necrosis of the panniculus had complete healing 
after hyperbaric oxygen therapy. 

The only treatment failure occurred in one patient 
who developed massive necrosis of the abdominal wall, 
sacrum, and vagina with rectovaginal and vesicovaginal 
fistula formation. She underwent urinary and fecal di- 
version, repetitive surgical debridement, skin grafting, 
aggressive wound care, nutritional support, and inten- 
sive hyperbaric oxygen therapy totaling 143 treatments. 
Bacterial overgrowth complicated wound healing and 
the necrosis progressed, eventually leading to her 


death. 


Comment 


The goal of radiation therapy is to deliver tumori- 
cidal doses with minimum possible adverse effects on 
adjacent healthy tissue. In recent years a better under- 
standing of radiobiologic principles has served to re- 
duce the degree of iatrogenic damage through the es- 
tablishment of upper radiation limits, fractionated ex- 
posure protocols, and the development of high-energy 
radiation delivery systems. 

In spite of these improvements, localized radiation- 
induced tissue breakdown continues to present a clin- 
ical challenge. The most commen form of this disease 
is osteoradionecrosis of the mandible, although it has 
been reported in a wide variety of other bony and soft 
tissue sites.” The pathophysiologic features of localized 
radiation tissue injury have recently been redefined.’ 
The long accepted and empirically derived sequence 
of radiation, trauma, and infection has been replaced 
by a description that more accurately describes the bio- 
chemical and cellular pathology. Histologic analysis of 
tissue biopsies from 58 patients revealed the postra- 
diation, iatrogenic process as one of a progressive, 
obliterative endarteritis. This process results in a de- 
crease in blood flow, leading to a hypovascular, hypoxic, 
and hypocellular tissue bed. 

Another misunderstanding of the pathologic process 
of radiation tissue injury has been that revascularization 
would gradually occur with time. Therefore it was 
thought that any surgical procedures contemplated in 
this area should be delayed as long as possible. Marx® 
has demonstrated that as time passes there is less vas- 
cularity, less tissue perfusion, and more fibrosis and 
greater risk for a nonhealing surgical site. 

The treatment of local tissue breakdown as a sec- 
ondary effect of radiation therapy is a frustrating med- 
ical and surgical dilemma. Hypovascularity predisposes 
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to tissue breakdown, either spontaneously or after di- 
rect trauma. Radiation-induced ulcerations are painful, 
and adequate control of pain without addicting medi- 
cations is often impossible. Surgical incision of the ob- 
vious lesion may lead to the development of a larger 
nonhealing wound because adjacent tissue is also com- 
promised. Attempts to cover external wounds with skin 
grafts or flaps typically requires repeated procedures 
and, in many cases, still proves unsuccessful. 

About 10% of all patients treated with radiation to 
the pelvis for a gynecologic malignancy will develop a 
superficial vaginal vault necrosis that may become a 
progressive problem predisposing to fistula formation. 
Traditional therapy of vaginal vault necrosis consists of 
hydrogen peroxide douches, sodium hypochlorite 
douches, and estrogen cream.’® If fistulas develop, fecal 
or urinary diversion is required. Fistula repair, when 
attempted, is complicated by the hypovascularity and 
tissue hypoxia present in the irradiated vagina. 

During the 1970s hyperbaric oxygen therapy was in- 
troduced for the management of radiation-induced tis- 
sue damage.'*'' The subacute and chronic phases of 
the radiation wound are particu.arly suited to this form 
of therapy. Hyperbaric oxygen acts to stimulate colla- 
gen formation at the wound edges through elevation 
of local tissue oxygen tensions.* New microvasculature 
dependent on a collagen matrix for physical support is 
greatly enhanced in this setting and allows reepithe- 
lialization to occur. A 20 to 30 day course of hyperbaric 
oxygen will provide a rich capillary bed in surrounding 
radiation-damaged tissue that, although hypoperfused 
and hypoxic, is still viable. This angiogenic effect is 
clearly dependent on the adminristration of oxygen un- 
der hyperbaric conditions. A recent comparative study 
failed to demonstrate such revascularization when oxy- 
gen was administered under normobaric conditions, in 
contrast to the effect when oxygen was administered 
under hyperbaric conditions.” 

In 1977 Glassburn and Brady” reported on 27 pa- 
tients who received hyperbaric oxygen therapy for ne- 
crotic wounds. Twelve patients were treated for necro- 
sis of the vagina or perineum. All eight of the patients 
who completed therapy showed marked improvement 
or complete healing of their wounds. The only com- 
plication was rupture of a tympanic membrane. 

Hyperbaric oxygen therapy for radiation-induced 
vaginal vault necrosis is safe and well tolerated by most 
patients. We believe hyperbaric oxygen therapy to be 
an effective method for promoting healing in areas of 
radiation necrosis. The effects of this healing improves 
patient comfort and may also prevent the more serious 
problem of fistula formation. In those patients with 
rectovaginal fistula, hyperbaric oxygen therapy after 
fecal diversion may decrease the morbidity and increase 
the success of fistula repair. 
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Editors’ note: This manuscript was revised after these 
discussions were presented. 


Discussion | 

Dr. W. ALLEN ADDISON, Durham, North Carolina. 
Regional necrosis induced by radiation directed toward 
the cure of cancer is a difficult and frustrating problem. 
Frequently the necessary concern about the possibility 
of uneradicated malignancy leads to the repeated 
trauma of biopsies in tissue already so compromised as 
to defy healing. Such biopsies, and possibly local mea- 
sures meant to cleanse and debride, may well serve to 
aggravate necrosis in these fragile and sorely devital- 
ized tissues. 

I suspect that all services that treat gynecologic ma- 
lignancy by radiation, and which have access to hyper- 
baric oxygen therapy, have put patients like those who 
constitute the subject of this report into the hyperbaric 
chamber. Our own experience with such patients has 
been mixed and includes both apparent dramatic suc- 
cesses and clearly dismal failures. 

A Medline search done for the purpose of this dis- 
cussion revealed that there are no published reports in 
the gynecologic literature about the use of hyperbaric 
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oxygen in the treatment of radiation-induced necrosis. 
That fact alone certainly enhances the importance of 
this report. 

Now one might be stringent and point out that in 
this report radiation-induced soft tissue necrosis is not 
clearly defined and that no measurements of the areas 
or volume of necrosis are given. Additionally, one 
might inquire of the authors precisely what determined 
the number of hyperbaric oxygen treatments that were 
given to each patient and why the evolving bacteriology 
of these necrotic ulcers was not followed during ther- 
apy. Or, one might be pragmatic and accept the fact 
that such a study as this cannot be fairly subjected to 
the sort of scientific exactitude demanded by maternal- 
fetal medicine. 

It took the authors 5 years to find 14 evaluable pa- 
tients. These patients had not responded to traditional 
and less expensive treatment than hyperbaric oxygen, 
and they were desperate. Their prospects included pro- 
gressive disability, addiction, and death. In this setting, 
there are no options for the randomization and controls 
that would be demanded by a reproductive endocri- 
nologist. The only real option was to pull out all stops, 
treat these desperate patients as intensively as possible, 
and observe the results as carefully as possible. This, I 
believe, is what was done. I for one continue to have 
faith in the careful observations of seasoned clinicians. 

I have checked with experts on the subject at the 
institution where I work and have been assured that 
technically the hyperbaric oxygen therapy was admin- 
istered appropriately. I have also been assured by them 
that a therapy as expensive as hyperbaric oxygen is not 
likely to be invoked if there are acceptable alternatives. 

My only questions to Dr. Williams are the following: 
(1) What did determine the number of hyperbaric oxy- 
gen treatments a patient received? I assume it was heal- 
ing of clinically detectable necrosis, but this is not stated 
in the manuscript. (2) What was the cost of this therapy? 
and (3) Would earlier institution of hyperbaric oxygen 
therapy in such patients as those presented arrest the 
process sconer and result in shorter necessary treat- 
ment and less ultimate expense? If so, could patients 
be identified who should be started on hyperbaric oxy- 
gen at the earliest signs of radiation-induced necrosis, 
such as those with preexisting microvascular disease? 

Dr. WILLIAMS (Closing). The number of hyperbaric 


oxygen treatments received by each patient was deter- 


mined by the hyperbaric medicine consultant. At the 
beginning of this project there were a larger number 
of treatments per person than there were toward the 
end. In 1988 Marks’ working with Johnson, both den- 
tists skilled in treating carcinomas of the mouth, re- 
ported on the measurement of transcapillary oxygen 
tension in irradiated tissues of the jaw. They described 
an S-shaped curve of oxygen tensions with three dis- 
tinct phases. The first, or lag phase, identifies no mea- 
surable angiogenesis. This is a phase of collagen syn- 
thesis and capillary budding. Oxygen tensions remain 
approximately 30% that of nonirradiated tissue until 
the eighth exposure to hyperbaric oxygen. In the secz- 
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ond, or rapid-rise phase, oxygen tensions increase geo- 
metrically to a maximum of 82% to 85% between the 
eighteenth and twenty-third exposures. During this 
phase visible sign of angiogenesis are present. In the 
third or plateau phase the transcapillary oxygen tension 
values of the irradiated tissues are 80% to 85% of those 
_ of nonirradiated tissue. Oxygen tension never reaches 
the same value as in nonirradiated tissue. These levels 
do remain stable over several years. On the basis of 
these data, our current protocol calls for 20 hyperbaric 
oxygen treatments. At the end of this period the patient 
is reevaluated and may be referred for 10 to 20 more 
treatments if there is a good response but one that is 
felt to be inadequate. This may be particularly impor- 
tant in patients who have larger lesions. 

A little bit more about the costs— The average total 
treatment cost is about $8000. No cost-benefit analysis 
has been done for the treatment of this particular con- 
dition, but extensive work has been done on osteora- 
dionecrosis of the mandible.’ It has been estimated that 
conventional therapy for osteoradionecrosis of the 
mandible costs about $69,000, with a cure rate of 
around 8%. The treatment of osteoradionecrosis of the 
mandible with a 100% cure rate costs about $30,000. 
The prevention of osteoradionecrosis with hyperbaric 
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oxygen in those patients who may undergo surgery in 
this area is about 95% successful and costs $8000. So 
we see a significant cost savings in that particular area. 

As far as identifying patients who may be at particular 
risk, our patient population had diseases that may have 
reflected some microvascular problem. There were a 
fair number of diabetics and hypertensives. Although 
we have a much larger number of patients with hy- 
pertension and diabetes who don’t have development 
of radiation necrosis, of course, it would be very dif- 
ficult to predict those patients. 

Earlier treatment would be nice, but unfortunately 
our patients are first seen with this necrosis the same 
way that they are first seen with their cancers. Usually 
it is in an advanced stage and we are unable to catch it 
very early. 
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The incidence of cerebral palsy 


Clinical Opinion 


Mortimer G. Rosen, MD, and Janet C. Dickinson, BSN, MSW 


New York, New York 


The clinician is often held responsible for obstetric events that are suspected of being related to cerebral 
palsy. To review the incidence of cerebral palsy and to aid the clinician in this situation, a search of 
published studies was conducted. Composite rates of cerebral palsy in different birth weight infants and 
cerebral palsy with and without serious mental retardation were calculated. The cumulative incidence rate 
at the age of 5 to 7 years was 2.7 cases of cerebral palsy for 1000 birth cohorts. Approximately 36% of all 
cerebral palsy occurred in the infant <2500 gn. Serious mental retardation (intelligence quotient <50) 
accompanied cerebral palsy approximately 30% of the time for the term infant and 18% of the time when 
the infant was <2500 gm. On the basis of a past estimation that 70% of cerebral palsy is of antepartum or 
unknown origin, the term infant at risk for intrapartum-attributed cerebral palsy may be about 1 in 2000 


term births. (AM J OssteT GYNECOL 1992;167:417-23.) 


Key words: Cerebral palsy, incidence, mental retardation 


Cerebral palsy continues to pose a diagnostic and 
therapeutic dilemma for the obstetrician because its 
various causes are poorly understood. Electronic fetal 
monitoring, initiated in the early 1960s, raised hopes 
that some cases of cerebral palsy could be prevented 
through a better means of evaluation of the fetus dur- 
ing labor. Today, studies continue to find a lack of as- 
sociation between intrapartum fetal monitoring and 
long-term neurologic outcome.’ Confounding the in- 
cidence issue is the fact that obstetric practices and neo- 
natal intensive care have changed. With increased in- 
fant survival, increased neurologic morbidity may occur 
more frequently, offsetting the overall effects of clinical 
practice changes.’ 

This review attempted to evaluate current morbidity 
data with respect to the rates of cerebral palsy. Past 
studies have generally found a prevalence rate of about 
2 per 1000 living infants at 7 to 10 years of age, with 
serious mental retardation (intelligence quotient [1Q] 
<50) present in 20% to 30% of these children.*? The 
largest United States study, the Collaborative Perinatal 
Project, found a cerebral palsy cumulative incidence 
rate (which includes children with cerebral palsy who 
died) of 4.6 per 1000 of infants at 7 years of age.’ The 
question raised in this review was whether the cumu- 
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lative incidence of cerebral palsy has changed during 
the past 10 years, specifically the cumulative incidence 
in the term infant. 


Methods 


A Medline search was conducted of all original En- 
glish language studies published since 1980, with major 
infant neurologic damage as an end point. Unfortu- 
nately, although these studies were published since 
1980, the birth dates of the populations often went back 
to the 1950s. Few recent studies of the combination of 
mental retardation and cerebral palsy were found; 
therefore studies conducted before 1980 were included 
when that aspect is discussed. 

Where possible, in some of the tables the birth dates 
were indicated rather than the publication dates of the 
studies, so that the reader could consider the possible 
differences in neonatal care in the different time pe- 
riods. To be included in analyses, studies had to provide 
adequate raw numbers to determine the denominator 
for the rates of cerebral palsy either in the total pop- 
ulation or by birth weight. Cumulative incidence at the 
age of 4 to 7 years was used because it provides more 
information than either a straight incidence or preva- 
lence rate. The cumulative incidence rate used all births 
during a set period of time as the denominator, and 
numerator included infants with cerebral palsy who 
had died. Including infants who had died has been 
recommended to provide as complete a picture of ce- 
rebral palsy as possible.’ Prevalence rate was not used, 
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Table I. Cumulative ITA of cerebral palsy per 1000 live births 









Year published Birth years Country follow-up (yr) (per 1009) 
Jarvis et al.? 1985 1972-1975 England 5 1.8 
Nelson and Ellenberg* 1386 1959-1966 United States* 7 4.6 
Emond et al. 1989 1970 England 7 2.5 
Hagberg et al. “4 1389 1979-1982 Sweden 4 2.2 
Holst et al.” 1989 1978 Denmark 4 4,9 
Dowding and Barry": 1988 1979-1981 Ireland - 4 1,9: 
Stanley and Watson" 1988 1979-1981 West Australia 5 2.3 
Riikonen et al.” 1989 1978-1982 Finland 5 20 
Torfs et al? 1990 1959-1966 California 5 2.0§ 
Pharoah et al.” 1990 1984 England 5 1.9 
Meberg’® 1990 1980-19&4 Norway 4 2.1 
Composite rate 2.7 


*Collaborative Perinatal Project. 

tExcluded deaths before age 2. 

+Excluded all congenital anomalies. 

§Did not indicate whether deaths were included. 


because it can vary tremendously depending on the age 
of diagnosis and the length of time of survival. In the 
Collaborative Perinatal Project 15% of the children ci- 
agnosed with cerebral palsy at 12 months nae died by 
the age of 7 years,ê” 

Studies with follow-up at different ages, between 4 
and 7 years, were qualified by stating the different ages. 
Cases of cerebral palsy that were abviously caused post- 
natally were excluded. Studies usually did not diffe:- 
entiate cerebral palsy by degree of handicap, so a 
study’s diagnosis of cerebral palsy was accepted. Figures 
from the Collaborative Perinatal Project were included 
to provide comparisons and because that study const- 
tuted a large and essentially singular United States ce- 
rebral palsy incidence study. The Agures from the Col- 
laborative Perinatal Project incluced both infants who 
had a diagnosis of cerebral palsy who had died and 
cases of cerebral palsy that they defined as mild (net 
requiring bracing, wheelchair, etc.}° because we decided 
that their “mild” category would be included in all cases 
of cerebral palsy in other studies. We primarily used 
later published reports about the Collaborative Per-- 
natal Project because these categories were includec. 
Earlier reports that excluded deaths and “mild” cere- 
bral palsy yielded a 2.5 per 1000 rate.’ 

For types of cerebral palsy, the denominator is a_l 
cases of cerebral palsy. When discussing the different 
types of cerebral palsy, the most frequently used cat- 
egories of cerebral palsy included diplegia (or paraple- 
gia), a form of cerebral palsy where the legs are pri- 
marily affected; hemiplegia, where only one side of the 
body is affected; and quadriplegia (or tetraplegia), 
where three or all four limbs are affected. Extrapyram- 
idal (or dyskinetic) cerebral palsy, including choreoath- 
etotic and dystonic and ataxia, wes included as much 
as possible when studies had this as a distinct category. 


The analyses of cerebral palsy by birth weight were 
done with live births at that birth weight as denomi- 
nators. Because studies used either cerebral palsy or 
mental retardation as starting points, both types of 
studies were considered. However, when considering 
studies using mental] retardation as the starting point, 
the primary focus was that proportion of the mentally 
retarded who also had cerebral palsy. Mental] retarda- 
tion not associated with cerebral palsy was not reviewed. 


Results 


Excluding cases that had an obvious postnatal origin, 
10 studies published since 1980 determined the cu- 
mulative incidence rates for cerebral palsy***’’ (Table 
I). The average cumulative incidence rate of these stud- 
ies was 2.7 per 1000 livebirths. 

Table II describes studies that included the break- 
down by type of cerebral palsy.®™ 1115179 Years of birth, 
not publication, are given. Not all the previously dis- 
cussed studies were included, because not all had break- 
down by type of cerebral palsy. The average propor- 
tions of the different types of cerebral palsy of all with 
cerebral palsy were 34% diplegia, 30% hemiplegia, 20% 
quadriplegia, and 16% extrapyramidal. 

Table III includes studies that grouped cerebral palsy 
by birth weight.” +% 127.2 Years of birth, rather than 
dates of publication, are indicated for the reasons pre- 
viously stated. The average proportions of cerebral 
palsy by birth weight of all children with cerebral palsy 
were 36% for those weighing <2500 gm and 64% for 
children weighing >2499 gm. 

Some of these studies analyzed cerebral palsy rates 
by smaller increments of birth weight® 1111+15 U (Table 
IV). The increments varied too much to do an exact 
comparison, but the figures are helpful to determine 
any trends in the incidence by birth weight. 
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Table II. Distribution of cerebral eal by type* 


Incidence of cerebral palsy 419 





[Diptega (%) | Hemiplegia (%) | Quadriplegia (%) Bea aa (o. 


Nelson and Ellenberg*t 1959-1966 United Szates 
Pharoah et al,” 1984 England 
Dowding and Barry” 1979-1981 Ireland 

Dale and Stanley’? 1971-1975 Australia 
Riikonen et al.” 1978-1982 Finland 
Hagberg et al.” 1979-1982 Sweden 
Jarvis et al.’ 1972-1975 England 


Composite rates 


29 14 
40 7 1] 
25 10 27 
22 32 5 
29 3¢ 24 
36 74 15 
29 39 9 
30 20 16 


*Denominators are all cases of cerebral palsy. Rows may not total 100% because some types of cerebral palsy were excluded. 


tBased on survivors. 
` Used term letraplegia. 
§Used term paraplegia. 


Table HI. Distribution of cerebral palsy by birth weight* 


Study Year of birth <2500 gm (%) | >2499 gm (%) | Overall low-birth-weight births (%) 


Nelson and Ellenberg’ 1959-1966 United States 
Pharoah et al." 1984 England 
Stanley and Watson" 1979-1981 West Australia 
Holst et al.” 1978 Denmark 
Jarvis et al.’ 1972-1975 England 
Meberg’® 1980-1984 Norway 
Hagberg et al." 1979-1982 Sweden 
Dowding and Barry” 1979-1981 Ireland 
Riikonen et al.” 1978-1982 Finland 

Saito et al.” 1963-1976 Japan 

Torfs et al.’ 1959-1966 California 


Composite rates 


*Denominator is cases of cerebral palsy. 
Collaborative Perinatal Project. 
tFigure from Dale et al.” 


Some studies analyzed trends of cumulative inci- 
dences of cerebral palsy over periods of time®?? 151% 19 
(Fig. 1). Some studies found recent minor decreases, 
others found almost no change in rate, and other stud- 
ies found recent minor increases. When there was a 
minor increase, the type of cerebral palsy that increased 
the most was diplegia or cerebral palsy among low- 
birth-weight (LBW) infants. 

A few studies analyzed the occurrence of serious 
mental retardation among children with cerebral palsy. 
Table V provides the figures from those studies.'*?"” 
The average rate of serious mental retardation (IQ 
<50) along with cerebral palsy for all birth weights was 
25%, 18% for infants weighing <2500 gm, and 30% 
for those >2499. 

A few studies analyzed the occurrence of cerebral 
palsy among children with serious mental retarda- 
tion.” These figures are based on children surviving 
at the time of the study (prevalence). The composite 
rate for the studies of all cases of mental retardation 
with cerebral palsy was 16.8% (Table V1). McLaren and 
Bryson” reviewed studies for the presence of cerebral 
palsy in the seriously mentally retarded. They encoun- 
tered difficulties due to differences in methodology and 


9.2 
a = 6.7 
32 68 4.lł 
40 60 3.5 
26 74 7.0 
27 3 4.2 
38 2 4.0 
32 68 5.1 
52 49 4.0 
52 48 4.5 
17 83 6.8 
36 64 5.3 


a frequent lack of differentiation between disordecs; 
for example, neurologic, motor, and sensory disorders 
may have been combined. Four studies were sufficienily 
specific enough to be analyzed.*** Kiely” analyzed two 
other studies?” ** for the occurrence of cerebral pa-sy 
in populations with serious mental retardation. Because 
of methodologic differences used in the studies, tnis 
composite rate should be considered as an approxi- 
mation. 


Comment 


One task in standardizing studies was to consider 
when the follow-up was done and when the diagnasis 
of brain dimage was made. Nelson and Ellenberg®’ 
pointed out the difficulty of comparing studies because 
of the variation in timings of follow-up. Studies gen- 
erally grouped all degrees of cerebral palsy together; 
however; milder cases often were not known until zhe 
child entered school and as many as 50% of patients 
diagnosed at 12 months were free of motor handicap 
at 7 years of age. A cumulative incidence rate addresses 
the problem of loss of cases through deaths. 

There was a problem with the lack of data on births 
that occurred in the past 10 years. The only reviewed 
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Table IV. Rate of cerebral palsy by birth weight (per 1000) 





Dowding and Barry” 20.2 
Meberg’? 

Hagberg"! 

Jarvis et al.? 

Pharoah et al.” 


Stanley and Watson" 


*Includes the lower-birth-weight group. 


o Rate in infants 
Rate in infantis. <1000 gm 1000-1499 gm 
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Rate in infants 





Rate in infants 
1500-1999 gm 


2000-2499 gm 
46.7 15.7 3.2 
13* 14* 
90* 30 6 
3.5% 7.4% 
44% g 9.7% 
26.9% 17.2 8 


Table V. Percentages of serious mental retardation (IQ <50) in cases of cerebral palsy by birth weight* 











Country 


Nelson and Broman” 7 United Statest 26 
Hagberg et al." 4 Sweden 14 
Pharoah et al." 5 (mean) England 36 
Composite rate 25 


*Includes infants or children who died (cumulative incidence). 
fCollaborative Perinatal Project. 


Table VI. Percentage of cerebra. palsy in 
those with serious mental retardation 


(IQ <50)* 


With cerebral palsy 
in serious mental 









Country or retardation 
Study state population (%)- 

McQueen et al.” 7-10 Canada 15.4 
Jacobsen and <21 New York 15.8 

Janicki” ; l 
Gustavson et al” 5-16 Sweden 18.6 
McDonald” 10 Quebec 12.8 
Oregon State <20 Oregon 15.8 

Board of 

Health” 
Drillien et al.®}  7.5-14.5 Scotland 22.9 
Composite rate. 16.8 


*Surviving at time of study. 
TIQ <55. 


studies where births did occur solely in the 1980s were 
the Meberg study’ and the Pharoah et al.” studies. 
Some studies, published quite recently, were based on 
births from as far back as the 1950s or earlier, before 
the use of neonatal. intensive care and before the 
means were established to prevent erythroblastosis 
fetalis. 

With the advent of neonatal irtensive care units in 
the 1970s, the survival of very-low-birth-weight infants 
has improved. The average survival rate beyond the 
neonatal period for the <1500-gm infant in developed 
countries was 15% to 40% in the early 1970s and 60% 
to 75% in the mid-1980s.* Although there is concern 
that, with this increased survival, the incidence of ce- 


Rate in all weights 







Rate of sertous mental 
retardation in <2500 gm 


Rate of serious mental 
retardation in >2499 gm 






with cerebral palsy (%) with cerebral palsy (%) 
15 33 
13 16 
27 40 
18 30 


rebral palsy among LBW infants has increased, we 
found the rate to be fairly stable at about 15 per 1000 
LBW births (<2500 gm) since the 1950s (Fig. 1). For 
the very-low-birth-weight infant (<1500 gm) this rate 
is higher. Studies found rates of cerebral palsy of 13 to 
90 per 1000 for neonatal survivors of 500 to 1500 gm 
at birth (Table IV). Other studies have had findings of 
a stable rate of neurologic impairment along with an 
increased survival rate for very-low-birth-weight babies. 
A review by Hagberg et al.” found that where 2 country 
had a higher perinatal mortality rate to begin with and 
a greater drop in perinatal mortality rate with the ad- 
vent of improved neonatal care, the rate of cerebral 
palsy did not increase noticeably. However, when the 
rate was lower to begin with and neonatal care has been 
used with increasingly smaller babies, the cerebral palsy 
rate has increased to a greater extent. The implication 
is that babies who have needed minimal to moderate 
improved neonatal care to survive tend to have low 
morbidity, whereas the much smaller babies who need 
intensive, long-term care to survive are more likely to 
have permanent neurologic problems. Hagberg et al.* 
sees a 40 times higher live-birth prevalence of cerebral 
palsy in the very-low-birth-weight infant than in the 
normal-birth-weight infant. 

One problem we encountered was the cutoff point 
for LBW babies. Some studies included the 2500 gm 
infant in the LBW group and others did not. This dis- 
crepancy could significantly change the final figure. An- 
other problem was the interchangeable use of the terms 
LBW and preterm.” With these problems, the figures 
on cerebral palsy by birth weight are a close approxi- 
mation of cerebral palsy by birth weight. An average 
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Fig. 1. Rates of cerebral palsy for all birth weights per 1000 live births (éop) and per 1000 live births 


<2500 gm (bottom). Asterisk, Neonatal survivors. 


of 36% of all cerebral palsy occurred in the LBW pop- 
ulation. Therefore approximately 5.3% of the birth 
population contributed 36% of the cases of cerebral 
palsy. When studies providing cerebral palsy rates over 
periods of time are considered, the rate for infants 
weighing >2499 gm was stable at 1 to 1.5 per 1000 
births of infants of that birth weight. Our composite 
figure, which includes more studies, was 1.8. 

There appeared to be some consistency in the rates 


of cerebral palsy for the different birth weights, so one 
would think that overall rates could be tentatively ex- 
trapolated on the basis of a combination of the LBW 
rate, which is higher in the United States and has re- 
mained relatively unchanged at about 6.8%,” and the 
survival of these infants. Because the percentage of 
LBW infants varies from country to country, we would 
then expect the percentage of cerebral palsy occurring 
ing FHR B-sympathetic and parasympathetic tone, re- 
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in different birth weights to vary in a similar fashion. 
However, this was not the case. Other variables seemed 
to be involved. Besides the socioeconomic and ethnic 
compositions of the population that appear to be as- 
sociated with LBW, one also needs to consider health 
policies in and within different countries concerring 
access to prenatal care and the resuscitation and tr2at- 
ment of very small newborns. 

As early as 1897, Freud noted that there appeared 
to be different types of cerebral palsy that probably had 
different origins, so they should be studied separately. 
Others have reiterated this message more recently.** 
Birth weights and types of cerebral palsy seem to be 
intertwined so it is difficult to discuss one without dis- 
cussing the other. Diplegia, which occurs more ofen 
among infants of LBW, was 34% of all cerebral pzlsy 
cases, whereas LBW infants were 36% of all cases of 
cerebral palsy (although these two do not completely 
overlap). 

The rates of serious mental retardation (IQ <50) 2c- 
curring along with cerebral palsy also differed by birth 
weight. The composite rate of serious mental retar- 
dation in those with cerebral palsy was 25% for all birth 
weights, 18% for LBW, and 30% for those weighing 
>2499 gm. Therefore 75% of all children with cerebral 
palsy have IQs >50 with most of those having IQs >70, 
and the occurrence of serious mental retardation is 
more common with the normal-birth-weight infants 
who have cerebral palsy. Among all infants with serious 
mental retardation, the rate of cerebral palsy was ap- 
proximately 16.8%. However, the sources of the pop- 
ulations for this last figure need to be considered. Manv 
of these studies were based on instituuonalized popu- 
lations. Also, because these studies were based on sur- 
vivors, it underestimates the overall incidence. 

Thus we may estimate that intrapartum cause for 
cerebral palsy is <0.5 per 1000 term births and that 
active prevention for those infants awaits better un- 
derstanding of cause of the disease, because the usual 
monitoring methods in labor do not allow for that ci- 
agnosis.' It is more probable that understanding and 
preventing premature birth and better means of an- 
tepartum surveillance are more likely to contribute to 
the prevention of cerebral palsy. 

To the obstetrician the incidence of cerebal palsy has 
major clinical meaning. It is clear that the target pop- 
ulation for cerebral palsy still hovers at about 2.7 per 
1000 live births at 4 to 10 years of age. About 36% of 
cerebral palsy will have origins in infants weighing 
<2500 gm, with increasing risk for cerebral palsy wita 
each decrement in infant birth weight. The emphasis 
in research should be on finding causes of and solutions 
for early prenatal problems that contribute to births at 
very low weights, to births of small-for-gestational-ag2 
infants, and to births of otherwise prenatally damaged 
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infants. Tort reform needs to acknowledge these un- 
knowns in the etiology of cerebral palsy, so the clinician 
can be enabled to practice his or her best without having 
to do so defensively. 

In the term infant the incidence of cerebral palsy will 
be about 1.8 per 1000 of children with that birth weight. 
Thus the target for more than 90% of all deliveries is 
small. It is also important to understand that past es- 
timates of origins of cerebral palsy for term infants are 
divided into perinatal (25% to 30%) causes and the 
remainder probably prenatal or unknown causes. A 
portion of those with perinatal causes will be intrapar- 
tum causes. 
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Home uterine activity monitoring in France: A randomized, 


controlled trial 


Béatrice Blondel, PhD,* Gérard Bréart, MSc, MD, Yves Berthoux, MD, 
Michel Berland, MD.” Georges Mellier, MD, René-Charles Rudigoz, MD,’ and 
Jean-Marie Thoulon, MD" 


Villejuif and Lyon, France 


OBJECTIVES: We assessed the effectiveness of ambulatory tocodynamometry in reducing the preterm 
delivery rate in women at risk of preterm delivery such as women with risk factors and women previously 
hospitalized and discharged. 

STUDY DESIGN: In four public maternity units these women were randomly allocated to two groups: 84 
had home uterine activity monitoring and daily midwife contact and 84 were given the standard care for 


high-risk women, which generally includes home visits by community midwives. 
RESULTS: The proportion of deliveries before 37 weeks’ gestation was slightly higher in the monitored 
group than in the control group (32% vs 22%). The corresponding odds ratio was 1.7 (95% confidence 


- interval: 0.9 to 3.5). 


CONCLUSION: Although the sample was smail, these results suggest that home uterine activity 
monitoring was probably not beneficial to the population studied, or at least that any benefit would have 
been too small to justify extending this monitoring in this high-risk population. (Am J OssteT GYNECOL 


1992;167:424-9.) 


Key words: Term Guard system, preterm delivery, uterine activity, prenatal screening, 


prevention 


The identification of women at increased risk of pre- 
term labor is one of the major issues in preventing 
preterm deliveries. At present, screening of threatened 
preterm labor is mainly conducted on the basis of the 
findings of vaginal examinations and the perception of 
contractions by women, but these criteria have limited 
usefulness. Certain signs of cervical maturation, espe- 
cially the dilatation of the internal os, are predictive of 
preterm delivery’* but have low sensitivity.? Further- 
more, self-reported contractions are poorly correlated 
to uterine activity® and to preterm delivery.” * 

Another approach to enhancing early diagnosis of 
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threatened preterm labor was recently developed on 
the basis of assessment of uterine activity by ambulatory 
tocodynamometer in high-risk women. It was observed 
that women who sutsequently experienced preterm la- 
bor had greater uterine activity than women who la- 
bored at term, and this difference was found up to 
several weeks before the onset of labor.’ In the United 
States, the effectiveness of home uterine activity mon- 
itoring and daily nursing contact has been assessed in 
several randomized, controlled trials in which this type 
of care was found to reduce the preterm delivery rate? 
or to permit earlier diagnosis of preterm labor.*” 
However, because home uterine activity monitoring 
has positive effects in the United States does not guar- 
antee that it will be effective in other settings. In France 
an active policy is pursued during pregnancy to prevent 
preterm delivery by routine vaginal examinations, bed 
rest, admission to the hospital, prescription of B-sym- 
pathomimetics and home visits by community mid- 
wives, To ascertain whether under these conditions 
home uterine activity monitoring reduces the number 
of preterm deliveries. we conducted a randomized, con- 
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Table I. Demographic and social characteristics of women 


Monitored group 


Maternal age (yrs, mean + SD) 


Number of previous pregnancies (%) 


yo 


2 
Not living with the child’s father* (%) 


Low social class (%) 
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Control group 
28.6 + 4.7 28.3 + 4.8 
n= 80 n = 83 
31 27 
27 30 
42 43 
n = 84 n = 83 
7 5 
n = 83 n = 75 
35 42 
n = 76 n= 7) 


*Any marital status. 
+Father was either manual worker or had no occupation. Mothers not cohabiting were not considered in this variable. 


trolled trial in which a group of women using the Term 
Guard uterine activity monitor (Tokos Medical Cor- 
poration, Santa Ana, Calif.) was compared with a con- 
trol group given the usual obstetric care provided high- 
risk women in France. 


Population and method 


The trial included two groups of women: (1) women 
who had been discharged and sent home after hospi- 
talization for threatened preterm labor (discharged 
group), and (2) women at high risk for preterm delivery 
(high-risk group). In the latter group, the risk factors 
were twin gestation, previous delivery at <35 com- 
pleted weeks of gestation or cervical cerclage during 
the current pregnancy. Women were enrolled between 
24 and 34 weeks of pregnancy. 

We compared two groups of women: a monitored 
group and a control group. The monitored group was 
instructed at home in the use of the ambulatory toco- 
dynamometer. The device was used for | hcur every 
morning and evening. A midwife at the Tokos Medical 
Center contacted the women every day by telephone. 
The women were asked to state their symptoms and 
transmit the data recorded concerning -heir uterine 
activity. The women were also visited onze a week by 
a Tokos Center midwife. Women with persistent symp- 
toms or contractions in excess of their established base- 
line contraction frequency were sent to the outpatient 
clinic or the inpatient ward. 

The women in the control group had home visits by 
a community midwife once or twice a week; this was 
the standard care prescribed_by the participating cen- 
ters for high-risk women. In addition, the women in 
both the monitored and control groups were given pre- 
natal care by obstetricians or midwives at the outpatient 
clinics and were hospitalized if necessary. 

Because the objective of the trial was to assess the 
Term Guard system in current medical practice, we did 
not alter this practice in the participating centers, and 


no specific recommendations were made to physicians 
regarding the diagnosis of threatened preterm labor 
or tocolytic treatments. In France women with severe 
symptoms of threatenéd preterm labor are usually ad- 
mitted to the hospital and are administered intravenous 
B-sympathomimetics. The other tocolytic treatments 
are mainly inhibitors of prostaglandin synthesis and 
progesterone. 

Our study was carried out in the four public mater- 
nity units located in Lyon. The women were enrolled 
between October 1988 and May 1989. After obtaining 
their informed consent we allocated them to the mon- 
itored and control groups by randomization with sealed 
envelopes. In each maternity unit randomization was 
done separately within the discharged and high-risk 
groups. 

In all, 158 women were randomized into the moni- 
tored or control groups in a ratio of 1:1. As regarcs 
the two populations included in this trial, the overall 
sample comprised 74 women who had been discharged 
from the hospital (37 monitored and 37 control group 
women), and 94 high-risk women (47 monitored and 
47 control). The risk factors of the latter group were 
the following: twin gestation (55%), previous delivery 
at <35 weeks (24%) and cervical cerclage (21%). One 
woman in the control group was lost to follow-up after 
enrollment, so that the analysis was conducted on 1€7 
women: 84 in the monitored group and 83 in the con- 
trol group. 

During the study data were collected at entry and 
after delivery. At entry an information sheet was com- 
pleted before randomization to confirm the eligibilizy 
of each participant and assess the risk of preterm de- 
livery from the state of the cervix and the contractions 
perceived by the woman. After delivery data on pre- 
natal care, delivery, and pregnancy outcome were ob- 
tained from hospital case notes. 

Gestational age was assessed on the basis of last men- 
strual period and ultrasonography. If there were dis- 
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Table II. Risk factors at study entry 


Previous adverse outcome* (%) 
Twin gestation (%) 

Treated icciteted preterm labort (%) 
Perceived contractions at study entry (%) 


Cervix at study entry (%) 
Dilatation of the internal os =] cm 


- Length =I cm 


' Monitored group 
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Control group 

19 33 

n = 84 n= 8] 
30 32 

n = 84 n = 83 
49 36 

n = 83 n = 83 
5i 43 

n = 82 n = 76 
16 14 

n = 82 n = 77 
21 24 

n = 82 n = 78 


Differences are not significant except previous adverse outcome (p < 0.05). 
*Stillbirth, neonatal death, or delivery at <37 full weeks of gestation. 
+Treatment before study entry with B-sympathomimetics or inhibitors of prostaglandin synthesis. 


agreement the ultrasonographic data were used. Pre- 
term delivery (before 37 full weeks’ gestational age) was 
the primary outcome criterion. However, participating 
physicians or midwives sometimes stopped tocolytic 
treatment or uterine monitoring at 35 weeks, and this 
cut-off point was also selected for the analysis. To dis- 
tinguish threatend preterm labor from preterm deliv- 
ery, threatened preterm labor was defined as preterm 
labor not followed. by delivery within 24 hours after the 
onset of the first symptoms (contractions, dilatation of 
the internal os of the cervix, or premature rupture of 
the membranes). . 

Statistical analysis was done by the x? test and Stu- 
dent’s ¢ test. Analysis was stratified by group (dis- 
charged or high-risk). Results for gestational age and 
birth weight were given as odds ratios, and the corre- 
sponding confidence intervals were calculated accord- 
ing to the method of Mantel-Haenszel. 


Results 


At study entry the monitored and control groups 
were comparable for maternal age, number of previous 
pregnancies, family status, and social class (Table I). We 
found that the proportion of women who had a history 
of stillbirth, neonatal death, or delivery before 37 weeks 
of gestation was smaller in the monitored group than 
in the control group (Table II). No difference between 
the two groups was observed for two other risk factors: 
the proportion of twin gestations and episodes of 
threatened preterm labor treated by f-sympathomi- 
metics or inhibitors of prostaglandin synthesis before 
study entry. The two groups were also comparable with 
regard to the state of the cervix and the contractions 
perceived by the women at study entry. Furthermore, 
the women in both groups were enrolled at a similar 
gestational age: 28.9 weeks (+3.3) in the monitored 
group and 28.6 weeks (+ 2.9) in the control group. 

In the monitored group one woman refused to par- 


ticipate in the monitoring during the initial contact by 
a Tokos Center midwife; later, two others failed to com- 
ply with the Term Guard regimen and the monitoring 
was stopped. These three women were kept in the mon- 
itored group for the analysis. The average length of 
monitoring was 42.6 days (+42.0). During this period 
the women had 3.3 home visits (+ 1.7) by a Tokos Cen- 
ter midwife. For 69% of the women the monitoring was 
definitely stopped because the length of gestation was 
close to 37 weeks. ‘The two other main reasons for the 
cessation of monitoring were admission to hospital for 
preterm labor or delivery (21%) or diagnosis of another 
complication (6%). 

In the control group 87% of the women had home 
visits by community midwives (Table III). The average 
length of this care system was 42.3 days (+ 47.0). The 
women in both the monitored and control groups had 
three visits to the outpatient clinic between study entry 
and delivery. 

The proportion of women admitted to the hospital 
for threatened preterm labor oz other pregnancy com- 
plications was 37% in the monitored group and 40% 
in the control group. In the monitored group 21 (25%) 
women were admitted for threatened preterm labor. 
Of these, three had cervical dilatation >1 cm and two 
had premature rupture of membranes. In the control 
group, of the 16 (19%) women admitted for threatened 
preterm labor, two had cervical dilation > 1 cm and four 
had premature rupture of merr branes. In both groups 
all the women admitted for threatened preterm labor 
were treated with tocolytic agents; nevertheless, intra- 
venous $-sympathomimetics were prescribed for 13 
(15%) women in the monitored group and 6 (7%) in 
the contro] group. Overall prescription of contraction 
inhibitors (intravenous or oral B-sympathomimetics, in- 
domethacin, or progesterone) was more frequent in the 
monitored group than in the control group (79% vs 
59%; p = 0.006). 
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Table III. Prenatal care after study entry 


Type of care (%) 
Term Guard system 
Home visiting system 
Neither 
Visits to the outpatient clinic (mean + SD) 
Admission to hospital* (%) 
Admission for threatened preterm labor* (%) 


Intravenous B-sympathomimetics* (%) 


Treatment for inhibition of contractionst (%) 
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rake 
99 0 
0 87 p < 0.001 
] 13 
n = 84 n = 83 
06 2.3 3.0 + 1.9 NS 
n = 75 n = 77 
37 40 NS 
n = 84 n = 83 
25 19 NS 
n = 84 n = 83 
15 7 NS 
n = 84 n = 83 
79 59 p = 0.006 
n= 8] n= 78 


NS, Not significant. 
*Not followed by delivery within 24 hours. 


+8-sympathomimetics, indomethacin, or progesterone, prescribed in the inpatient ward or at the outpatient clinic. 


In the monitored group six babies were stillborn or 
died before discharge (Table IV). Four were preterm 
(between 25 and 28 weeks). In the control group there 
were three stillbirths or deaths, one of which was pre- 
term (25 weeks). The proportion of deliveries at <37 
weeks of gestation was 32% in the monitored group 
and 22% in the control group (odds ratio = 1.7; 0.9 to 
3.5). The trend was similar in the two stratified groups, 
that is, in the discharged group (22% vs 13%) and the 
high-risk group (40% vs 28%). The proportions of de- 
liveries before 35 weeks were 19% and 11%, respec- 
tively, in the monitored and control groups (odds ra- 
tio = 1.9; 0.8 to 4.7). Among all the singletons and 
twins delivered, the proportion of babies weighing 
<2500 gm was similar in the two groups (36 vs 34%, 
odds ratio = 1.1; 0.6 to 2.1). 


Comment 


in our study we did not find home uterine activity 
monitoring to significantly reduce the number of pre- 
term deliveries. Our sample size was not large enough 
to enable us to reach a definite conclusion regarding 
the effect of the Term Guard system. Nevertheless, our 
results showed no trend that argued in favor of this 
type of care and, if this system had a positive effect, it 
would be a very small one. According to the range of 
the odds ratio for preterm delivery, the relative de- 
crease in the preterm delivery rate is very unlikely to 
be >10% through home uterine activity monitoring. 
Thus there is poor evidence that the Term Guard sys- 
tem can be useful in our population because the ben- 
eficial effect that could be observed would be too small 
to justify extending the use of such a system. 

We originally planned to include 900 women in the 
trial. This sample size was based on the expected pre- 
term delivery rates, which we estimated to be 25% for 


the control group on the basis of previous French stud- 
ies.” Thus a trial including 900 women had a 95% 
chance of showing a significant difference at the 5% 
level if the preterm delivery was reduced from 25% in 
the control group to 15% in the monitored group (two- 
tailed test). It was not possible to reach this sample size 
because the Tokos Medical Corporation was no longer 
funded in France. However, according to the preterm 
delivery rates observed in our study, the sample size 
originally planned would have been too small to show 
a significant difference between the monitored group 
and the control group. 

Our results cannot be explained by a higher risk of 
preterm delivery in the monitored group than in the 
control group, because the two groups were similar as 
regards all risk factors except for a history of adverse 
pregnancy outcome, which was more frequent in the 
control group. A few more women were treated for 
threatened preterm labor before enrollment in the 
monitored than in the control group, but at study entry 
dilatation of the internal os of the cervix was equally 
frequent in both groups. After study entry we found 
that treatments for the inhibition of contractions, ad- 
ministration of intravenous B-sympathomimetics and 
hospitalization for threatened preterm labor were 
slightly more frequent in the monitored group than in 
the control group. This could have been because of the 
presence of more women with threatened preterm la- 
bor in the monitored group than in the control group. 
It could also be the very consequence of uterine activ-ty 
monitoring because the aim of such monitoring is to 
detect contractions that would otherwise be unknown. 
Because the doctors knew the results of the monitoring, 
they might have diagnosed a larger number of cases of 
threatened preterm labor in the monitored group than 
in the control. 
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Table IV. Pregnancy outcome 
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Odds 95% 
Monitored group Control group ratio” CI 


Stillbirth 1/109 


Death before discharge 5/109 
Weeks’ gestation (%) 
=32 T 
33-34 12 
35-36 13 
237 68 


l (84 women) 
Gestational age <37 wks (%) 
l (84 women) 
Birth weight <2500 gm (%) 
(107 newborns) 


CI, Confidence interval. 
*Monitored versus control, 


During the trial attention was paid to the adequate 
use of home uterine activity monitoring and nursing 
support. This care system was provided by the French 
branch of the Tokos Medical Corporation. The mon- 
itoring device used, the organization of home care, and 
the standards applied to the interpretation of the data 
obtained by monitoring were similar to those prevailing 
in the United States. The midwife in charge of the 
Tokos Center was experienced in the prevention of 
preterm births and had been trained in several Tokos 
Centers in the United States. This care system was 
tested in two different settings in France before the 
trial began.’* ° Furthermore, in the trial protocol home 
visits by a Tokos midwife were added to the care usually 
provided by Tokos Centers to make sure that the mon- 
itored group would not be at a disadvantage compared 
with the control group. 

One of the published randomized controlled trials 
that assessed Term Guard effectiveness showed clear 
evidence of a decrease in the preterm delivery rate in 
the overall group of women who used a uterine activity 
monitor compared with those who used uterine self- 
palpation (15% vs 45%).? However, the results were 
based on a small sample (34 and 33 women, respec- 
tively), and the confidence interval of the odds ratio for 
preterm delivery was large. In other randomized con- 
trolled trials in which women menitored at home were 
compared with women given standard care and edu- 
cation on self-palpaticn for uterine contractions,*"' the 
positive effects observed on the preterm delivery rate 
were restricted to the women who experienced preterm 
labor after study entry, and no overall conclusion was 
reached for the entire group included in these trials. 

It is often suggested that the Term Guard system 
might be effective in preventing preterm births because 
uterine activity monitoring twice a day and frequent 
contacts with nurses would help to diagnose preterm 
labor at an earlier stage, when the state of the cervix 15 
considered to be favorable for tocolysis. This possibility 


(83 women) 
17 0.9-3.5 
(83 women) 
LJ 0,6-2.] 
(110 newborns) 


has been confirmed by several randomized controlled 
trials in which, at the first preterm labor episode, 
women who were monitored daily had less advanced 
cervical dilatation than those given standard care, and 
there were fewer tocolysis failures in the former group 
than in the latter.* We were unable to verify this hy- 
pothesis ourselves because we only knew the state of 
the cervix for women who had threatened preterm la- 
bor and who were delivered >24 hours after admission 
to hospital. However, among these women we found 
no trend towards earlier diagnosis of threatened pre- 
term labor in the monitored group. 

If the Term Guard system has a beneficial effect in 
reducing the preterm delivery rate, the question is 
raised as to whether it is the monitoring data or the 
frequent nurse contacts that result in improved out- 
come. The results of several randomized controlled 
trials suggest that the information supplied by moni- 
toring might be less effective than the support provided 
bv daily contacts with a nurse. Thus Jams et al.’*"’ 
showed that the preterm delivery rate was not signifi- 
cantly different in the group monitored by the Term 
Guard system and in a group o7 women who only had 
daily contact with a Tokos Center nurse. Dyson et al." 
compared a monitored group with a group of women 
who used the monitor and also had this daily contact 
but for whom the monitoring data were not available 
for care management. Dyson et al. found no significant 
difference in preterm delivery rates between the two 
groups. However, in patients with twin gestation they 
observed a significant reduction in the numbers of very 
low birth weight babies and admissions to the intensive 
care nursery in the group for whom the monitoring 
data were used. Porto et al. ° mace a similar comparison 
among women who had either single or multiple ges- 
tation and found no difference in the frequency of 
preterm delivery between the monitored group and the 
group with blind data. Nurses might, therefore, have 
a major role in the Term Guard system by providing 
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social support and paying attention to all the preterm 
labor symptoms reported by the women.” 


If this is the case our finding that home uterine ac- 


tivity monitoring failed to reduce the number of pre- 
term deliveries might be the result of the great attention 
devoted to the screening of threatened preterm labor 
and the efforts made to prevent preterm deliveries in 
France. For example, books aimed at pregnant women 
emphasize the risk of preterm delivery and the mea- 
sures that can be taken to prevent it.” These publi- 
cations also describe in detail the symptoms of preterm 
labor, thus inciting women to contact their physician 
and comply with the medical decisions. Furthermore, 
French doctors have a very active approach tc the pre- 
vention of preterm deliveries. The effectiveness of all 
the measures taken to avoid this pregnancy outcome is 
not always known and some of these measures, such as 
home visits by community midwives,™” have not been 
observed to have positive effects on the preterm deliv- 
ery rate. Nevertheless, the overall policy conducted to 
prevent preterm deliveries may have beneficial results. 
The introduction of a new type of care such as the 
Term Guard system may not necessarily be useful 
within this framework, although it might be effective 
in a different medical environment. 

Further research is needed to test whether home 
uterine activity monitoring improves the prevention of 
preterm birth as it was recently expressed by a multi- 
disciplinary workshop.* Thus we will know in which 
countries or populations beneficial effects may be ex- 
pected. 


We thank the staff of the Tokos Medical Center, par- 
ticularly Maryse Courbiére and Christian Rochet, and 
the staff involved in the trial in each participating ma- 
ternity unit. We also thank Professors Emile 
Papiernik and Michel Tournaire for their advice re- 
garding the protocol. 
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Maternal hyperoxygenation in the treatment of intrauterine 


growth retardation 


Cesare Battaglia, MD, Paolo G. Artini, MD, Gerardo D’Ambrogio, MD, Paolo A. Galli, MD, 


Alberto Segre, MD, and Andrea R. Genazzani 
Modena, Italy 


OBJECTIVE: In the current study th2 efficacy of maternal hyperoxygenation on growth-retarded fetuses 


was evaluated. 


STUDY DESIGN: Thirty-six pregnant women with intrauterine growth retardation were studied. The 
patients were divided in oxygen-treaced (n = 17) and untreated (n = 19) groups. Doppler analysis of the 
fetal circulation was performed on the arrival to the hospital, after 12 hours, and thereafter on alternate _ 
days until delivery. Fetal blood was sampled by cordocentesis for immediate blood gas analysis at 


entrance to the study and the day of delivery. 


RESULTS: Significant improvement in Doppler flow patterns in treated patients were found when 
compared with untreated women. The Doppler variations were associated with complementary 
modifications in fetal blood gas. These differences resulted in a significant modification in perinatal 
mortality with an incidence of 29% and 68% (p < 0.01) in treated and untreated groups, respectively. 
CONCLUSION: Our data suggest a benefit of maternal hyperoxygenation in the treatment of fetal growth 


retardation. (AM J OBSTET GYNECOL 1992;167:430-5.) 


Key words: Hyperoxygenation, growth retardation, Doppler. cordocentesis 


Uteroplacental insufficiency leads to intrauterine 
growth retardation (IUGR), which is a major cause of 
perinatal mortality and postnatal morbidity.’ ? IUGR 
and oligohydramnios in the second and early third 
trimesters of pregnancy indicate a poor prognosis for 
the fetus. These conditions may complicate about 1% 
of pregnancies." 

Arterial Po. in the fetus is 25% to 33% of the arterial 
Po, in the adult. Some authors referred to this as “phys- 
iologic hypoxia” even though it represents a normal 
state of fetal oxygenation.* However, in spite of the low 
Po, fetal blood is capable of transporting large 
amounts of oxygen from the placenta to the fetus. This 
is possible because (1) the hemog-obin. of fetal red blood 
cells has a high affinity for oxygen and (2) the rate of 
perfusion of fetal organs is high in comparison with 
oxygen requirements. : 

Fetal hypoxia is induced by any decrease in fetal ox- 
ygenation below the normal level. Such a decrease may 
induce a reduction in the Po, of umbilical venous blood 
(hypoxic hypoxia). Chronic intrauterine hypoxia, hy- 
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percapnia, acidosis, hyperlacticemia, and erythroblas- 
tosis occur in many growth-retarded fetuses. 
Current management includes early diagnosis, bed 
rest, and antenatal monitoring of fetal well-being until 
the fetus reaches a stage of viability that allows delivery. 
In the current prospective, randomized study the value 
of long-term maternal hyperoxygenation in compari- 
son with the traditional management of bed rest was 
evaluated in the treatment of growth-retarded fetuses. 


Patients and methods 


From October 1989 through August 1991 we studied 
36 pregnant women at 26 to 34 weeks’ gestation with 
IUGR. All the patients gave their informed consent to 
participate in the study. Patients included in the study 
fulfilled the following criteria: known last menstrual 
period, regular menses, absence of maternal diabetes, 
fetal ultrasonographic examination before 22 weeks 
with biometric data consistent with duration of amen- 
orrhea, singleton fetus, no fetal malformation or chro- 
mosomal defects; reduced amount of amniotic fluid 
(oligohydramnios was defined by the absence of any 
amniotic fluid pocket measuring =2 cm in a vertical 
axis), abnormal Doppler flow velocity waveforms in ma- 
ternal-fetal circulation (+2 SD of our reference 
ranges), ultrasonographic measurements of fetal ab- 
dominal circumference <5th percentile of our refer- 
ence ranges, and reactive nonstress test. 

The patients admitted in the study were randomly 
assigned to two different treatments: (1) the traditional 
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Table 1. Demographic and clinical data in oxygen-treated and untreated patients (mean + SE) 


Treated Untreated 
(n = 17) (n = 19) 














Significance between 
groups 


Admission | Delivery 
(p) ) 













Significance Significance 


(p) (p) 
Maternal age (yr) 28.1 (25-35) 29.4 (29-36) NS 
Gestational age (wk) 30.220.5 31.7 +03 29.7 + 1.6 30.92 0.1 NS NS 
Parity 
8 (47%) 10 (53%) NS 
] 8 (47%) 7 (37%) NS 
>l 1 (6%) 2 (10%) NS 
ime rom dngn 10.1 + 3.5 9 + 3.] NS 
parturition (days) 
‘ Estriol (ng/ml) 414+7 58.1 + 84 NS 39.1 + 6.3 40.3 + 0:8 NS NS NS 
Human placental lacto- 3.4 +02 7.3 + 0.6 NS 29202: -29 £06 NS NS NS 
gen (pg/ml) 
Hematocrit (%) of Go wages MW fhe = =a P| NS 38.4 + 1.5 38.6 +1 NS NS NS 
Uric acid (mg/dl) 48+02 51+0.l NS 49+0.1 5508 NS NS NS 
Mean platelet volume 121203 13.5205 NS 114 +02 12.2 £ 0.5 NS NS NS 
(f) 
Platelets (1000/ml) 165 + 11 13110 NS 189 +17 152+8 NS NS NS 
Oligohydramnios 17 (100%) 19 (100%) NS 


NS, Not significant. 


management of bed rest (plus antihypertensive medi- 
cation, when necessary) and (2) the same management 
plus humidified 55% oxygen at a rate of 8 L/min ad- 
ministered continuously (except during meals, etc.) 
through an MC face mask for 24 hours a day.’ 
Ultrasonographic assessment of amniotic fluid vol- 
ume was performed on alternate days until parturition. 
A weekly ultrasonographic measurement of fetal ab- 
dominal circumference was performed. Both assess- 
ments were performed with the patients in a semire- 
cumbent position with a 3.5 MHz convex array real- 
time scanner (Ansaldo AU 940, Genova, Italy}. 
Doppler analysis of maternal-fetal circulation was 
performed on the arrival of patients to the aospital, 
after 12 hours (only on umbilical artery), and thereafter 
on alternate days until parturition. Flow velocity wave- 
forms were recorded with a duplex pulsed Doppler 
(Ansaldo AU 940) with a 3.5 MHz convex transducer. 
Low-frequency Doppler signals originating from vessel 
wall motion were eliminated by a 100 Hz low-frequency 
filter. No fetal breathing or intervening fetal motion 
activity occurred during recording. Several arteries 
were analyzed transabdominally. We calculated the 
resistance index (Resistance index = Systolic — Dia- 
stolic/Systolic)® for the uterine and umbilical artery and 
the pulsatility index (Pulsatility index = Systolic — Di- 
astolic/Mean)’ for the descending thoracic acrta and 
middle cerebral artery. The time-averaged mean ve- 
locity im the descending aorta was calculated’ (the 
pulsed sample volume was placed in the fetal descend- 
ing aorta just above the level of diaphragm; the angle 
of insonation was between 50 and 60 degrees; and the 
results express the mean velocities over the cardiac cycle 


of the maximum frequencies recorded). For each ex- 
amination we obtained the mean value of three con- 
secutive waveforms. 

Fetal blood was sampled by cordocentesis’”*' for im- 
mediate blood-gas analysis at entrance to the study 
while the mother was breathing air and again on the 
day of delivery while the mother was breathing oxygen. 
Cordocentesis was performed by an aseptic technique 
without maternal fasting, sedation, and local anesthesia 
The umbilical cord vessel sampled was identified br 
ultrasonography as either vein or artery by turbu- 
lence produced after injection of 200 wl of saline so- 
lution.'® |! The fetal origin of blood was subsequently 
confirmed by the Kleihauer test. Fetal blood (100 ph 
was collected into heparinized syringes, and blood-gas 
analysis was performed with a Radiometer AB-336 
blood gas anlayzer (Radiometer, Copenhagen). On the 
day of delivery, after a further informed consent, cor- 
docentesis was repeated, indicating to the patients that 
gas analysis would be useful to understand about feta. 
well-being. 

The Doppler and cordocentesis indices were not re- 
vealed to the labor staff but were correlated with preg- 
nancy outcome. 

During the study all patients had the following ma- 
ternal-fetal functional indices measured every 3 days: 
human placental lactogen, estriol, hematocrit, platelet 
count, mean platelet volume, and uric acid. 

The potential harm of hyperoxygenation for the 
mother’s lung was studied by serial determinations of 
pulmonary vital capacity.” 

Statistical analysis. An unpaired / test was used to 
calculate the significance of the difference among the 
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Table II. Fetal transabdominal Doppler velocimetry in oxygen-treated and untreated patients (mean + SE) 


After 12 hows (p 


Resistance index 


Uterine artery 0.78 + 0.06 
Umbilical artery N=11 EDF negative 
N=2 RF 
N= 0.84 + 0.04 
Pulsatility index 
Thoracic aorta 5.8 + 0.4 
Middle cerebral 2.4 + 0.2 
artery 
Time-averaged mean 
velocity (cm/sec) 
Thoracic aorta 16 + 2 


Treated (N = 17) 


Significance 


0.78 + 0.08 NS 
EDF negative N = 10 EDF negative NC 
RF N=1 RF NC 
0.83 + 0.01 N=6 0.78 + 0.06 NS 
5.0.20) <0.05 
3.1 Od <0.05 
207-1 <0.05 


EDF, End-diastolic fow; RF, reverse flow; NS, not signincant; NC, not calculated. Note: In the treated group in one case the 
reverse flow changed in end-diastolic flow negative and in two cases the end-diastolic flow negative changed with the appearance 
of diastolic flow. In the untreated group in three cases the diastolic flow end-diastolic flow disappeared and in two cases the end- 


diastolic flow negative changed in reverse flow. 


Table III. Cordocentesis indices* in oxygen-treated and untreated patients (mean + SE) 


Treatment (N = 17) 


Admission normal range Delivery normal range (p) 


21.2 + 2.4 (24-50) 
43.7 + 1.8 (31-42) 


Pos (mm Hg) 
Pco, (mm Hg) 
H 


Oxygen saturation (%) 57.0 + 2.8 (60-89) 


NS, Not significant. 
*All the sample were obtained from umbilical vein. 


groups. A value of p < 0.05 was considered statistically 
significant. 


Results 


The 36 women were divided into oxygen-treated 
in = 17) and untreated (n = 19) patients. In the 
ireated group the duration cf oxygen therapy was 
10.1 + 3.4 (mean + SE) days. 

At admission to the hospital the fetal abdominal cir- 
cumference was as indicated in Fig. 1. 

Many indices, such as demographic and clinical data, 
were not significantly different between the treated and 
untreated groups (Table I). Except for uterine artery 
waveforms, significant improvements were found in 
Doppler flow patterns (Table II) in treated patients 
compared with untreated women. The intraobserver 
variations were 5.8%. The Doppler variations were as- 
sociated with complementary modifications in fetal 
blood gas (Table III). These differences resulted in a 
significant modification in perinatal mortality with an 
incidence of 29% and 68% (p < 0.01) in treated and 
untreated groups, respectively. A single case of intra- 


7.31 + 0.03 (7.36-7.45) 


Significance 
97.7 + 3.3 (23-48) <0.01 
38.0 + 0.6 (32-43) <0.05 
7.34 + 0.01 (7.37-7.45) <0.05 
71.2 + 3.4 (68-88) <0.01 


uterine death resulted in the untreated group. The 
indications for delivery and perinatal outcome were 
similar in both groups (Table IV). In all the cases the 
birth weight was below the fifth percentile of Italian 
standards. In the treated patients the surviving fetuses 
had little morbidity with no severe neonatal compli- 
cations. In the untreated group one of the surviving 
fetuses developed intraventricular hemorrage with sub- 
sequent severe handicaps. The fetal growth velocity was 
not significantly affected by therapy. 

No fetal complications, except eight cases of transient 
bradycardia, were registered as a consequence of fetal 
blood sampling in either group. 

No significant variations in maternal pulmonary ca- 
pacity were found in the treated patients. The adverse 
effects of high oxygen concentrations on the fetus were 
not evaluated in the postnatal period because in our 
cases the rise in fetal blood Po, resulted in values within 
the normal range. 

The obstetric management was decided by the labor 
staff on the interpretation of fetal heart rate tracings 
or the deterioration of maternal conditions. 
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Significance between 


Untreated ai = 19) groups 
Significance 
Admission After 12 hours Delivery (p) Admission Delivery 
0.81 + 0.04 0.84 + 0.08 NS NS NS 
N = 12 EDF negative N = 12 EDF negative N = 13 EDF negative NC NC NC 
N=1 RF N=1 RF N= 3 RF NC NC | NC 
N=6 0.86 + 0.03 N=6 0.83 + 0.02 N=83 0.86 + 0.04 NS NS NS 
5.8 + 0.8 6.0 + 03 NS NS <0.01 
2.7 + 0.1 1.9 + 0.1 <0.01 NS <0.01 
VRR | 16.0 + 0.4 NS NS <0.05 
Untreated (N = 19) ) Significance between groups 
Significance Admission Delivery 
Admission (normal range) Delivery (normal range) (p) (p) (p) 
23.7 + 0.9 (24-50) 20.0 + 1.0 (23-48) <0.05 NS <0.01 
39.1 + 2.7 (31-42) 45.0 + 1.5 (32-43) <0.05 NS <0.01 
7.31 + 0.05 (7.36-7.45) 7.30 + 0.02 (7.37-7.45) NS NS <0.01 
58.3 + 2.4 (60-89) 50.9 + 4.1 (68-88) <0.05 NS <0.01 


Table IV. Delivery data and perinatal outcome in oxygen-treated and untreated patients (mean + SE) 


Treated Untreated Significance 


Indication for delivery 


Preeclampsia 3 (18%) 5 (26%) NS 

Intrauterine death — 1 (5%) NS 

Biophysical profile 14 (82%) 13 (69%) NS 
Vaginal delivery — 1 (5%) NS 
Cesarean delivery 17 (100%) ' 18 (95%) NS 
Male fetuses 14 (73%) 14 (74%) NS 
Female fetuses 3 (27%) l 5 (26%) NS 
Birth weight (gm) 1070 + 139 997 + 134 NS 
Birth weight <1000 gm 8/17(47%) 12/19 (63%) NC 
Perinatal death 5 (29%) 12 (63%) 

(29%) (68%) <0.01 

Sullbirth — 1 (5%) 
Severe neonatal compli- — 1 (8%) NS 

cation 


NS, Not significant; NC, not calculated. 
*Intraventricular hemorrhage. 


Comment fetal exchange, maternal oxygen therapy was suggested 
Starting from the hypothesis that the most likely to improve fetal metabolic conditions. 
cause of IUGR is an impaired uteroplacental or fetal- In the current study the efficacy of maternal hyper- 


placental perfusion with consequent reduced maternal- oxygenation was rather evident. After 12 hours of ther- 


434 Battaglia et al. 


August 1992 
Am J Obstet Gynecol 


Oxygen treated 


CA (cm) 
6 


33 





Untreated 





25 26 #27 28 29 
Gestation {weeks) 


31 32 . 33 34 35 


Fig. 1. Fetal abdominal circumference (CA) at admission to hospital in 17 IUGR fetuses who were 
subsequently treated with maternal hyperoxygenation, compared with 19 untreated fetuses. There 
were 18 (©) surviving fetuses and 18 (x) dead fetuses. 


apy no evident changes of Doppler flow waveforms 
were recorded. However, on the day of delivery, after 
a mean period of 10 days of oxygen therapy, modih- 
cations of the Doppler patterns were shown. At the level 
of umbilical artery in one case the reverse flow was 
modified to end-diastolic flow negative, and in two cases 
of end-diastolic flow negative a diastolic flow reap- 
peared a few days before the celivery. In the treated 
patients a significant improvement of Doppler flow ve- 
locity waveforms in other districts was observed. Such 
variations were associated with a progressive improve- 
ment in blood-gas indices. Or. the other hand, un- 


treated patients showed a worsening of the “brain-spar- 
ing effect.” Hypoxia, hypercapnia, and acidosis wors- 
ened in the untreated group. 

As previously described, some IUGR fetuses are hyp- 
oxemic, hypercapnic, hyperlacticemic, and acidotic.° 
Several mechanisms in the production of hyperlacti- 
cemia have been suggested. Increased placental pro- 
duction, impaired fetal gluconeogenesis, and inade- 
quate oxygen supply represent possible sites of lactate 
hyperproduction.’*” In the current study the evalua- 
tion of maternal and fetal blood lactate concentration 
was not done. 
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The maternal hyperoxygenation in hypoxic and se- 
verely growth-retarded fetuses improved and main- 
tained fetoplacental oxygenation. This effect resulted 
independently from the immediate response of the fe- 
tal-placental vasculature. Furthermore, the maternal 
hyperoxygenation modifying the fetal blood-gas con- 
centrations and consequently the chemoreceptor-me- 
diated vascular reactivity reversed the brain-sparing ef- 
fect, probably restored an aerobic metabolism, and re- 
sulted in the decreased incidence of fetal death and 
neonatal complications. This is an indirect confirmation 
of what occurs in animal experiments, in which the 
more depressed the Po, and pH are, the more probable 
the development of brain injury is and the more dif- 
ficult resuscitation is.* 

In conclusion, maternal oxygen therapy improved 
the fetal condition and survival but was inadequate in 
increasing the placental transfer of nutrients, because 
fetal growth velocity resulted unaffected.' 

The study suggests a benefit of oxygen therapy for 
the treatment of severe IUGR and should encourage 
further studies. 


We thank Dr. Felice Petraglia for his kind collabo- 
vation in preparing the manuscript. 
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Behavioral treatment of menopausal hot flushes: Evaluation by 


ambulatory monitoring ~ 


Robert R. Freedman, PhD, and Suzanne Woodward, PhD 
Detroit, Michigan 


OBJECTIVES: We attempted to develop an effective behavioral treatment for menopausal hot flushes and 
to determine the active behavioral co nponents of this procedure. 


STUDY DESIGN: Thirty-three women with frequent menopausal hot flushes were randomly assigned to 
receive eight sessions of training in paced respiration, muscle relaxation, or a-wave 
electroencephalographic biofeedback (placebo control). Hot flushes were objectively measured by means 
of 24-hour ambulatory monitoring of the sternal skin conductance level. 

RESULTS: Subjects undergoing paced respiration had significant reductions in hot flush frequency and 


raspiration rate, as well as increases in tidal volume. 


CONCLUSION: Paced respiration training may be a useful treatment alternative for the reduction of hot 
flushes in women who cannot tolerate hormone replacement therapy. {AM J OBSTET GYNECOL 


1992:167:436-9.) 


Key words: Hot flush, menopause, relaxation, sympathetic nervous system 


Hot flushes are the most common symptom of the 
climacteric and occur in the vast majority of meno- 
pausal women. Although hormone replacement ther- 
apy is an effective treatment for hot flushes, it may be 
contraindicated for some women who have an in- 
creased risk of cancer. Central sympathetic activation 
is increased in women with hot flushes,’* and 
agents such as clonidine, which inhibit this activation, 
have been shown to ameliorate hot flushes in some 
studies.*° 

Behavioral relaxation methods have been shown to 
reduce sympathetic activity in normal subjects’® and in 
some clinical groups.'° In a pilot study’! we showed that 
a combination of progressive muscle relaxation exer- 
cises and slow, deep breathing reduced the incidence 
of self-reported hot flushes by about 50%. Since two 
treatment procedures were combined in that study, it 
was not possible to determine which component was 
responsible for the therapeutic effect. Therefore in the 
current investigation, the muscle relaxation and paced 
respiration exercises were administered to two separate 
groups. a-Wave electroencephalographic biofeedback 
was chosen as the placebo control procedure because 
it elicits subjective reports of relaxation without its phys- 
iologic effects.'* We also sought to objectively determine 
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the effects of the treatments with the use of 24-hour 
ambulatory monitoring of the sternal skin conductance 
level. This measure has been shown to correlate highly 
with patients’ reports of hot flushes.’* 


Material and methods 


Thirty-three postmenopausal women were recruited 
from newspaper advertisements requesting women for 
participation in a research study of behavioral treat- 
ments for hot flushes. All women reported having at 
least five hot flushes per day and had been amenorrheic 
for at least 1 year. Three women had previously taken 
estrogen but stopped at least 1 year before the current 
study. All women gave written informed consent ac- 
cording to procedures approved by our institutional 
review board. | 

The women were randomly assigned, in equal num- 
bers, to one of three behavioral treatment groups. Each 
woman received eight l-hour, biweekly treatment ses- 
sions. Patients undergoing paced respiration had ab- 
dominal and thoracic chest excursions recorded with 
strain gauges and a polygraph. A research assistant 
viewed the polygraph tracings and instructed the pa- 
tient to breathe at six to eight cycles/min and to increase 
the amplitude of the abdominal tracing. Patients learn- 
ing muscle relaxation were given live training by a re- 
search assistant using previously published methods.” 
Patients were initially trained to systematically tense 
and then relax 16 gross muscle groups and to distin- 
guish between sensations of tension and relaxation. In 
later sessions the procedure was reduced to seven and 
then to four muscle groups. a-Wave feedback patients 
received visual feedback for the production of 8 to 13 
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Table I. Demographic characteristics of 
patients (means + SD) 






Treatment group 


Paced Muscle 
respiration relaxation 














a-Wave 


feedback 

Age (yr) 50.7 + 8.6 53.1460 523.9 +57 
Weight (lb) 141.3 + 37.1 146.3 + 17.9 145.7 + 14.0 
Years postmeno- 5.0 + 5.3 10.2 67 G3: 5:5 

pausal 
Menopause 

Natural 9 9 9 

Surgical 2 2 2 
Race 

White 6 8 7 

Black 5 3 4 


Hz electroencephalographic activity accordirg to pre- 
viously published methods." In the procedure the pa- 
tient watches a light that is activated when 8 to 13 Hz 
electroencephalographic activity reaches a preset am- 
plitude level. The training is done in three 10-minute 
trials separated by 5-minute rest periods. 

Before treatment, all women received 24-nour am- 
bulatory monitoring of the sternal skin conductance 
level to detect hot flushes.’*'* Two Meditrace disposable 
silver—silver chloride electrodes, 1.5 cm in diameter, 
were filled with 0.05 mol/L potassium chloride paste 
and attached over the sternum. Sternal skin conduct- 
ance level signals were recorded on an Oxford Medilog 
9000 recorder with a constant voltage circuit. The Med- 
ilog tapes were replayed at 60x real time with an Ox- 
ford Medilog playback unit, an analog-to-digital con- 
verter, and an IBM computer. The computer was pro- 
grammed to detect any sternal skin conductance level 
increase 22 pmho in 30 seconds, which served as the 
objective definition of a hot flush. We have previously 
demonstrated that the concordance between this mea- 
sure and patient reports was 95% for spontaneous hot 
flushes recorded in the laboratory and 86% for those 
recorded during ambulatory monitoring. The ambu- 
latory recording was repeated after completion of the 
last treatment session. 

Before treatment, each patient also received a test of 
her ability to voluntarily relax. After a 10-minute rest 
period, the patient was instructed to relax as deeply as 
possible for 5 minutes, followed by a second 10-minute 
rest period. During the entire session, the patient’s res- 
piration rate and tidal volume were recorded with a 
Sensormedics MMC metabolic cart. This procedure was 
repeated after the last treatment session. 

Pretreatment group differences in age, weizht, years 
since menopause, hot flush frequency, and respiratory 
measures were tested with one-way analyses of vari- 
ance. Hot flush frequency data were next analyzed with 
a two-way (Group X Pretreatment/ Posttreatment) re- 
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Table II. Hot flush frequency during 24-hour 
ambulatory monitoring (means + SD) 










Treatment group 
Paced Muscle a-Wave 
respiration relaxation feedback 


14.2 + 9.8 10.3 + 7.3 
13.6 + 10.6 12.0 + 10.2 


Pretreatment 15.7 + 8.1 
Posttreatment 9.6 + 6.2% 


*) < 0.02, significantly different from pretreatment value. 


Table ITI. Respiration measurements during 
voluntary relaxation tests (means + SD) 










Treatment group 
Paced Muscle a-Wave 
respiration relaxation feedback 
Pretreatment 
Rate 13.7 22 5227 123222 
(cycles/ min) 
Tidal volume 0.42 + 0.07 0.50 + 0.14 0.53 + 0.10 
(L./breath) 
Posttreatment 
Rate 10.2+3.3* 11.52+2.7 13.7 + 3.2 
(cycles/min) 
Tidal volume 0.55 + 0.277 0.48 + 0.16 0.47 + 0.11 
(L./breath) 


*p < 0.015, significantly different from corresponding pre- 
treatment value. 


Tp < 0.03, significantly different from corresponding pre- 
treatment value. 


peated-measures analysis of variance. The significant 
interaction effect was then decomposed into the prz- 
treatment/posttreatment simple effects for each 
group. Respiratory measures were analyzed with 
three-way (Group x Period X Pretreatment/Posttreet- 
ment) repeated-measures analyses of variance. As d2- 
scribed, significant interactions were broken down in:o 
lower-order simple effects for further analysis. Possible 
relationships between changes in hot flush frequency 
and demographic variables were tested with Pearson 
product-moment correlation coefficients (age, weight, 
years since menopause) and ż tests (race, type of men- 
pause). The minimum level of statistical significance 
was p < 0.05. 


Results 


Before treatment, there were no significant differ- 
ences among the three groups in age, weight, or time 
since menopause (Table I) or in the frequency of sternal 
skin conductance level—defined hot flushes recorded 
during ambulatory monitoring (Table II). The analysis 
of hot flush frequency demonstrated a significant 
(p < 0.05) Group X Pretreatment/ Posttreatment in- 
teraction effect. Simple effects tests showed that hot 
flush frequency decreased significantly for the paced 
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respiration group (p < 0.02) but not for the muscle 
relaxation (p> 0.2) or a-wave feedback (p> 0.5) 
groups. 
. There were no group differences in respiration rate 
or tidal volume during the pretreatment voluntary re- 
laxation test (Table III). The analysis of variance on 
respiration rate showed a significant (p < 0.02) 
Group X Pretreatment/Posttreatment interaction ef- 
fect. Simple effects analyses showed a significant Pre- 
treatment/Posttreatment decline on this measure for 
the paced respiration group (p < 0.015) but not for the 
other two groups (both p > 0.4). For tidal volume a 
significant (p<0.05) Group x Pretreatment/Post- 
treatment interaction effect was also found. Simple ef- 
fects tests showed a significant pretreatment/ posttreat- 
ment increase in tidal volume for the paced respiration 
group (p < 0.03) but not for the muscle relaxation 
(p > 0.8) or a-wave feedback (p > 0.5) groups. 

There were no significant relationships between any 
pretreatment variable and the pretreatment/ posttreat- 
ment change in hot flush frequency. 


Comment 


In the current study patients who received paced 
respiration training significantly reduced their fre- 
quency of hot flushes, increased their tidal volume, and 
slowed their respiration rates. Patients who received 
muscle relaxation exercises or a-wave feedback showed 
no significant changes in hot flush frequency or in el- 
ther respiration measure. Taken together with our pre- 
vious findings,’' these results show that training in slow, 
deep breathing alone will result in a significant reduc- 
tion in the occurrence of menopausal hot flushes. 

This effect was documented by 24-hour monitoring 
of an objective measure of hot flushes and therefore is 
not subject to the limitations of self-report data. More- 
aver, our recordings were performed over a 24-hour 
period; therefore they accurately detected both sleep- 
ing and waking hot flushes. Self-reports of events oc- 
curring during sleep are obviously less reliable than 
objective physiologic data, particularly since not all hot 
flushes result in awakening.” 

It has previously been shown that yohimbine, an as- 
adrenergic antagonist, provokes hot flushes? and 
that clonidine, an a,-adrenergic agonist, ameliorates 
them.” ** Yohimbine increases central norepinephrine 
release by blocking inhibitory, presynaptic a,-adren- 
ergic receptors”? and clonidine acts in the opposite man- 
ner.'° The main metabolite of brain norepinephrine is 
3-methoxy-4-hydroxyphenyl glycol,” and we have 
shown that plasma levels of this metabolite are signif- 
icantly elevated in menopausal women with hot flushes 
as compared with levels in those without them.’ Taken 
together, these data suggest that elevated central sym- 
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pathetic activation is involved in the initiation of meno- 
pausal hot flushes. 

We hypothesize that the slow, deep breathing exer- 
cises act in some way to modulate this activation and 
thereby reduce the frequency of hot flushes. However, 
the connection between changes in respiration and cen- 
tral sympathetic activation remains to be made. In 
cross-sectional studies, Schaefer” compared slow, deep 
breathers having high alveolar carbon dioxide levels 
with fast, shallow breathers having low carbon dioxide 
levels. The former group had slower resting heart rates, 
reduced adrenal cortical activity, and decreased auto- 
nomic responsiveness compared with the latter group, 
but measures of central sympathetic activity were not 
obtained. Further research in this area would be of 
great interest. 

In conclusion, we have shown that training in a sim- 
ple breathing procedure results in a significant reduc- 
tion in menopausal hot flushes as measured over a 24- 
hour period. This technique may be useful for women 
with hot flushes who are unable to receive hormone 
replacement therapy. 
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Increased lipolytic activity and high ratio of free fatty acids to 


albumin in sera from women with preeclampsia leads to 
triglyceride accumulation in cultured endothelial cells 


Marit J. Endresen, BScD, Bjørg Lorentzen, MD, and Tore Henriksen, MD, PhD 


Oslo, Norway 


OBJECTIVE: The null hypothesis of this study was that the triglyceride accumulation in endothelial cells 
exposed to sera from preeclamptic women was determined by the presence of triglyceride-rich lipoproteins 


in the sera. 


STUDY DESIGN: The accumulation of triglycerides in cultured endothelial cells was studied using 


incorporation of tritiated glycerol. 


RESULTS: Triglyceride-rich lipoprotzins in the patient sera contributed little to the endothelial triglyceride 
accumulation. However, sera from preeclamptic women were found to have a higher molar ratio of free 
fatty acids to albumin compared with sera from women with normal pregnancies (1.6 + 0.5 vs 0.9 + 0.4, 
respectively, p < 0.025). In addition, sera from preeclamptic women, compared with sera from normal 
pregnancies, showed enhanced lipolytic activity (release of free fatty acids 0.85 + 0.29 vs 0.17 + 0.16 
mmol/ml per 24 hours, respectively: p < 0.025) that further increased the free fatty acids/albumin ratio. 
CONCLUSION: Sera from preeclamptic women have both a higher ratio of free fatty acids to albumin and 
increased lipolytic activity, resulting in enhanced endothelial uptake oï free fatty acids, which are further 


esterified into triglycerides. (AM J OBSTET GYNECOL 1992;167:440-7.) 


Key words: Preeclampsia, endothelium, hyperlipidemia, free fatty acids, lipolysis 


Preeclampsia is a pregnancy-specific disorder char- 
acterized by increased blood pressure, urinary loss of 
proteins, edema, and activation of the hemostatic sys- 
tem.’ It has become evident that many of these patho- 
physiologic changes may be explained by alterations in 
the maternal vascular endothe-ium.* However, factors 
that can cause disturbance of the endothelial cell func- 
tions in preeclampsia have not been identified. 

Pregnant women have altered lipid metabolism as 
reflected in a marked hyperlipidemia.” Among those in 
whom preeclampsia develops, an additional change in 
the lipid metabolism seems to be present because the 
plasma levels of triglycerides are further increased 
as compared with those of women with normal 
pregnancies,’ From the area of cardiovascular research 
there is increasing evidence that hyperlipidemia can 
cause endothelial dysfunction.* We have therefore 
raised the question whether the endothelial dysfunction 
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of preeclampsia is causatively related to the alterations 
in the metabolism of lipids. 

Recently we reported that sera from women with 
preeclampsia induced accumulation of triglycerides in 
endothelial cells. This accumulation was accompanied 
by altered endothelial cell function as demonstrated by 
reduced prostacyclin release. In the current work we 
have studied the mechanism(s) responsible for the tri- 
alyceride accumulation in the endothelial cells. We 
demonstrate that both an increased ratio of free fatty 
acids to albumin and an enhanced lipolytic activity of 
sera from women with preeclampsia result in higher 
endothelial uptake of free fatty acids, which are further 
esterified into triglycerides. 


Material and methods 


Chemicals. Albumin, triglycerides, insulin, transfer- 
rin, oleic acid, stearic acid, and linoleic acid were all 
obtained from Sigma (St. Louis}. Ham’s F-10 medium 
and penicillin-streptomycin solution were purchased 
from Gibco (Grand Island, N.Y.). Tissue culture 
equipment was supplied by Costar (Cambridge) and 
Falcon (New Jersey, England). 1(3)°H-glycerol, 99.9 
GBq/mmol, were purchased from Amersham (Arling- 
ton Heights, Ill). All organic solutions were of reagent 
grade. 

Patient selection. A previously healthy normotensive 
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Hours 


Fig. 1. Effect of various times of exposure of endothelial cells to sera from: preeclamptic women (0), 
control pregnancies (0), and nonpregnant women (X) on incorporation of tritiated (H) glycerol 
into endothelial triglycerides. Each point represents mean + SD of triplicate incubations. 


woman was considered to have preeclampsia if the 
blood pressure after 20 weeks of gestation was 
>140/90 mm Hg on at least two occasions 6 hours 
apart. In addition, proteinuria of >300 mg/24 hours 
was required for the diagnosis. The control group con- 
sisted of healthy women of similar gestational age and 
parity with uncomplicated pregnancies and nonpreg- 
nant women. 

Blood samples. Informed consent was obtained from 
each women. Blood samples were drawn after 8 to 10 
hours of fasting. The blood was allowed to coagulate 
for 90 to 120 minutes at room temperature. Sera were 
obtained by centrifugation at 800g for 10 minutes and 
immediately placed at — 70° C. Care was taken to han- 
dle the sera from preeclamptic and control women sim- 
ilarly and in parallel. 

Cell cultures. Endothelial cells were isolated from 
the veins of umbilical cords obtained from normal preg- 
nancies of women not included in the control group.° 
The cells were seeded in 2 cm? wells in 1 ml of culture 
medium consisting of Ham’s F-10 medium supple- 
mented with 2.5% (vol/vol) bovine calf serum, 7.5% 
(vol/vol) horse serum, penicillin (100 IU/ml), strep- 
tomycin (100 pg/ml), and amphotericin (2.5 ug/ml). 
Primary cultures were obtained from a new umbilical 
cord for each experiment, and the cells were used 2 to 
3 days after seeding. 

Preparation of isolated lipoprotein fractions. Very- 
low-density hpoprotein was prepared from freshly ob- 


Table I. Endothelial content of triglycerides 
and tritiated glycerol] incorporation into 
triglycerides after 60 hours’ exposure to sera 
from preeclamptic women or sera from 
normal pregnancies 


ug Triglycerides per | Counts/min/mg X 
Sera mg cell protein 10” 


Preeclamptic 7&3 140 + 12 
women 

Normal yas em Ile 2 
preg- 
nancies 


Values are mean + SD of triplicate incubations. 


tained sera from preeclamptic and control women by 
ultracentrifugation at density 1.006 gm/ml at 100,000g 
under sterile conditions for 24 hours at 4° C.° The 
fractions obtained were used immediately after prep- 
aration. . 

Measurement of tritiated glycerol incorporation 
into cellular triglycerides. In the experiments where 
tritiated glycerol incorporation into endothelial triglyc- 
erides was measured, the procedure was as follows: 5 
wCi/ml tritiated glycerol and 0.1 pmol/ml unlabeled 
glycerol (both final concentrations) were added 12 
hours before the end of each incubation (unless other- 
wise indicated) in a volume of 50 wl per well (containing 
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Fig. 2. Incorporation of tritiated glycerol into endothelial 


triglycerides in presence or absence of very-low-density 
lpoprotein. Endothelial cells were exposed for 36 hours io 
unfractionated preeclamptic serum (A), very-low-density li- 
poprotein—deficient serum (B), or very-low-density lipopro- 
tein—deficient serum reconstituted with very-low-density li- 
poprotein (C, 1 pmol triglycerides per milliliter; D, 2.5 pmol 
triglycerides per milliliter}. Each bar represents mean + SD 
of triplicate incubations. 


1 ml of medium). To end an experiment the cells were 
washed four times with phosphate-buffered saline so- 
lution with Hepes,” and cellular lipids were extracted 
in situ by exposure to 1 ml of hexane per well for 2 
hours. The lipids were then separated by thin-layer 
chromatography on precoated silica gel plates (Poly- 
gram, Machery-Nagel, Germany) in a solvent system of 
petroleumether-diethyl ether acetic acid (85:15:1). 
The triglyceride-containing spots were scraped off, and 
the radioactivity was measured (Rackbeta 1217, LKB, 
Pharmacia, Oslo). Preliminary experiments showed 
that 85% of the hexane extractable lipids were found 
in the triglyceride fraction. In some of the experiments 
the endothelial content of triglycerides was determined 
as described previously.’ Cellular protein was deter- 
mined according to the method of Lowry et al., as de- 
scribed by Henriksen et al. 

Lipid staining. For staining of lipids the procedure 
was as follows: The cells were washed twice in Hepes 
and phosphate-buffered saline solution, fixed in 50% 
ethanol, stained in sudan red for 2 to 3 minutes, quickly 
washed in 50% ethanol, followed by another washing 
in purified water. The cells were afterstained in he- 
matoxylin for 2 to 3 minutes, washed in purified water, 
-and finally exposed to saturated lithium carbonate for 
a few seconds. 
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Fig. 3. Molar ratio of free fatty acids (FFA) to albumin in sera 
from women with preeclampsia (PE), women with uncompli- 
cated pregnancies (C), and nonpregnant women (C0). Dupli- 
cate determinations were done for each individual. Numbers 
of individual sera and SEM are indicated for each bar, Dif- 
ference between serz from preeclamptic and normally preg- 
nant women was significant, p < 0.025. 


Experimental protocol . 

Effect of time of exposure of endothelial cells to 
sera from preeclamptic and normally pregnant 
women and nonpregnant women on incorporation of 
tritiated glycerol into cellular triglycerides. The cells 
were washed twice® with Ham’s F-10 medium and then 
incubated for 12, 24, 36, and 48 hours with 1 ml of 
Ham’s F-10 medium containing 30% (vol/vol) sera 
from either preeclamptic, normally pregnant women 
or nonpregnant women. Tritiated glycerol incorpora- 
tion into endothelial triglycerides was measured as de- 
scribed above. 

Cell incubations in presence and absence of very- 
low-density lipoprotein. Freshly isolated very-low-den- 
sity lipoprotein in serum from a preeclamptic woman 
was added back to the very-low-density lipoprotein— 
poor bottom in two different concentrations (1.0 or 2.5 
umol of triglyceride per milliliter). The cells were 
washed twice? and then incubated with either unfrac- 
tionated serum or the very-low-density lipoprotein— 
poor bottom with or without the two different concen- 
trations of very-low-density lipoprotein. Tritiated glyc- 
erol incorporation into endothelial triglycerides was 
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Fig. 4. Effect of albumin on incorporation of tritiated glycerol into endothelial triglycerides. En- 
dothelial cells were exposed for 48 hours to serum from women with preeclampsia containing 
increasing amounts of albumin. Final albumin concentrations in culture media are given on abscissa. 
Each point represents mean + SD of triplicate incubations. 


measured as described in the preceding text. Parallel 
cultures were stained for lipids. 

Cell incubations with various ratios of free fatty 
acids/albumin 

Heat-inactivated sera. Three sera from women with 
preeclampsia and three sera from normally pregnant 
women (freshly obtained and stored at — 70° C untul 
start of experiment) with different ratios of free fatty 
acids/albumin were heat inactivated at 57° C for 60 
minutes. Then the cells were washed twice and incu- 
bated with Ham’s F-10 medium containing 30% 
(vol/vol) of the heat-treated sera. After 2 days the me- 
dium was renewed, followed by another 2 days’ incu- 
bation. Tritiated glycerol incorporation into cellular tri- 
glycerides was measured as described. 

Addition of albumin to serum from a woman with 
preeclampsia at start of cell incubations. Increasing 
amounts of albumin was added to serum from a woman 
with preeclampsia with an original albumin concentra- 
tion of 17 mg/ml. The endothelial cells were then 
washed twice and exposed to Ham’s F-10 medium con- 
taining 30% (vol/vol) of the serum with or without the 
additional albumin (final concentrations in the culture 
media were 5, 25, 35, and 55 mg/ml). After 48 hours’ 
incubation tritiated glycerol was added, and after an- 
other 24 hours’ incubation incorporation into endo- 
thelial triglycerides was measured as described. Parallel 
cultures were stained for lipids. 

Addition of free fatty acids to sera from normally 


pregnant women at start of cell incubations. A total 
of 2 pmol of free fatty acids (360 pg of oleic acid, 
120 ug of stearic acid, 90 wg of linoleic acid, and 
30 ug of arachidonic acid) was dissolved in heptane and 
evaporated under nitrogen. The dry material was dis- 
solved in 0.5 ml of ethanol containing 2.2 pmol of so- 
dium hydroxide. After evaporation under nitrogen the 
free fatty acid salts were dissolved in 100 pl of purified 
water at 60° C. The free fatty acids were added to 2 ml 
of serum from normally pregnant women in 10 pl al- 
iquots with gentle shaking at 37° C. The endothelial 
cells were then exposed to Ham’s F-10 medium con- 
taining 30% (vol/vol) of the serum from normally preg- 
nant women with or without the additional free fatty 
acids. The final total concentrations of free fatty acids 
in the culture medium were 0.74, 0.86, 1.11, and 1.61 
ywmol/ml. After 24 hours’ incubation tritiated glycerol 
was added, and after another 24 hours’ incubation the 
incorporation into triglycerides was measured as de- 
scribed in the preceding text. 

Lipolytic activity in sera from preeclamptic and 
normally pregnant women and nonpregnant women. 
The lipolytic activity was determined as the difference 
in the concentration of free fatty acids at the start and 
end of incubations at 37° C for the times indicated in 
the figure legends. In three experiments the sera were 
heat inactivated by incubation for 60 minutes at 57° C. 


The concentration of free fatty acids in the sera or the... 


culture media was measured with a kit for devérmi- 
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Fig. 5. Content of sudanophilic granules in endothelial cells exposed to preeclamptic serum (left 
panel) or to preeclamptic serum with additional albumin, 8 mg/ml (middle panel) or 18 mg/ml (right 


panel). 


nation of nonesterified fatty acid kit (Wako, Germany). 
Initial experiments showed that the release of free fatty 
acids during clotting of the blood contributed to <8% 
of the free fatty acid content of the sera. Furthermore, 
when sera were tested against plasma, similar levels of 
free fatty acids were found. 

Statistical analysis. The Student ¢ test was used. 


Results 


In five experiments with sera from five different in- 
dividuals the incorporation of tritiated glycerol into en- 
dothelial triglycerides was up to 20 times higher in en- 
dothelial cells exposed to sera from women with pre- 
eclampsia than in the controls. Table I shows an 
experiment in which the tritiated glycerol incorpora- 
tion was twelve times higher than in the control. The 
endothelial content of triglycerides was increased four 
times compared with that in the controls. The incor- 
poration of tritiated glycerol was close to linear during 
a 48-hour incubation with serum from women with 
preeclampsia (Fig. 1). 

Very-low-density lipoprotein is the major carrier of 
serum triglycerides and can lead to triglyceride accu- 
mulation in cells after endocytic uptake.” Addition of 
very-low-density lipoprotein from sera from women 
with preeclampsia to albumin-containing Ham’s F-10 
medium did not lead to accumulation of sudanophilic 
granules in the endothelial cytoplasm (data not shown). 
Furthermore, removal of very-low-density lipoprotein 


decreased the tritiated glycerol incorporation into tri- 
glycerides by about 20% compared with that observed 
for unfractionated sera from women with preeclampsia 
(p > 0.025). When very-low-density lipoprotein was 
added back to very-low-density lipoprotein—poor 
sera from women with preeclampsia, a 20% increase 
in the tritiated glycerol incorporation was found 
(Fig. 2). 

A second possible cause of triglyceride accumulation 
in cells is increased uptake of exogenous free fatty 
acids.* The major determinant of the rate of cellular 
uptake of free fatty acids is the ratio of free fatty acids 
to albumin.’ As shown in Fig. 3, sera from women with 
preeclampsia had a significantly higher free fatty 
acids/albumin ratio compared with sera from normally 
pregnant and nonpregnant women (p < 0.025). Given 
that the triglyceride accumulation in endothelial cells 
exposed to sera from women with preeclampsia is due 
to enhanced free fatty acid uptake, addition of albumin 
should have an inhibitory effect. As shown in Fig. 4, 
addition of increasing amounts of albumin to sera from 
women with preeclampsia almost completely inhibited 
the incorporation of tritiated glycerol into triglycerides. 
Furthermore, the cellular lipid accumulation induced 
by the sera from women with preeclampsia could be 
reversed by addition of albumin (Fig. 5). Conversely, 
addition of free fatty acids to a sera from normally 
pregnant women resulted in increased incorporation 
of tritiated glycerol into triglycerides (Fig. 6). A cor- 
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Fig. 6. Effect of fatty acids on incorporation of tritiated glycerol into endothelial triglycerides. 
Endothelial cells were exposed for 24 hours to sera from normally pregnant women with or without 
additional free fatty acids. Final concentrations of fatty acids in culture media are shown on abscissa. 
Each point represents mean + SD of triplicate incubations. 


responding increase in cytoplasmic lipid droplets was 
found (data not shown). 

Release of free fatty acids as a result of enhanced 
lipolytic activity of the sera from women with pre- 
eclampsia could lead to a further increase in the ratio 
of free fatty acids to albumin. We therefore determined 
the lipolytic activity in sera from preeclamptic and nor- 
mally pregnant women, and as shown in Fig. 7 the 
release of free fatty acids in the sera from women with 
preeclampsia was three to four times higher than in 
the sera from normally pregnant women (p < 0.025). 
Time-course studies showed linearity of the free fatty 
acid release up to 48 hours’ incubation (data not 
shown). Eighty-five percent of this lipolytic activity 
could be inhibited by heat inactivation of both sera (data 
not shown). This procedure decreased markedly the 
incorporation of tritiated glycerol into endothelial tri- 
glycerides. However, a 100% higher tritiated glycerol 
incorporation into triglycerides was still present in en- 
dothelial cells exposed to heat-inactivated sera from 
women with preeclampsia as compared with heat-in- 
activated sera from normally pregnant women 
(p < 0.01) (Fig. 8). 


Comment 

We recently reported that sera from women with 
preeclampsia induce accumulation of triglycerides in 
cultured endothelial cells.’ In the current work we pro- 


1 
fi 

» 0.8 

t 

= 

© 

< 

X 

N 0.6 

£ 

< 

a 

D 0.4 

= 

© 

z 

£ 





PE C CO 
(n=17) (n=10) (n=6) 


Fig. 7. Net increase in free fatty acids (FFA) in sera from 
preeclamptic women (PE), from normal pregnancies (C), or 
from nonpregnant women (C0). A total of 50 ul of the various 
sera was incubated at 37° C for 24 hours, and increase in free 
fatty acid concentrations was measured. Numbers of individ- 
ual sera and SD are indicated for each bar. 
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Fig. 8. Incorporation of tritiated glycerol into endothelial tri- 
glycerides after thermal treatment of sera. Endothelial cells 
were exposed for 96 hours to either sera from preeclamptic 
women (PE) or sera from normal pregnancies (C) that had 
previously been heat inactivated at 57° C for 60 minutes. Each 
bar represents mean + SD of triplicate incubations. 


vide strong evidence that the endothelial triglyceride 
accumulation is due to increased uptake of free fatty 
acids from the culture media containing sera from 
women with preeclampsia. We demonstrate that the 
endothelial triglyceride content increased by adding 
free fatty acids to the control sera. Conversely, by pro- 
viding sera from women with preeclampsia with ad- 
ditional albumin the endothelial triglyceride accumu- 
lation was inhibited. Thus by altering the ratio of free 
fatty acids to albumin the degree of triglyceride accu- 
mulation in endothėlial cells could be controlled. This 
is in accordance with the general conception that the 
major determinant of free fatty acid uptake in cells is 
the ratio of free fatty acids to albumin. Finally, we found 
only a minor effect of the triglyceride-rich very-low- 
density lipoprotein particles on the content of triglyc- 
erides in the endothelial cells. 

The in vivo ratio of free fatty acids to albumin was 
higher in sera from preeclamptic women compared 
with controls. In experiments where the release of free 
fatty acids from the sera was minimized by heat inac- 
tivation of the lipolytic enzymes, a 100% higher incor- 
poration of tritiated glycerol into endothelial triglyc- 
erides was still present after incubation with sera from 
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women with preeclampsia compared with sera from 
normally pregnant women. In addition, the sera from 
women with preeclampsia contained an increased li- 
polytic activity that further amplified the ability of the 
sera to induce triglyceride accumulation in the endo- 
thelial cells. 

Interactions of plasma lipids, lipoproteins, and the 
endothelial cells have been shown to be of major im- 
portance in the early development of atherosclerosis.* 
The endothelial cells can induce oxidative modifica- 
tions of plasma low-density lipoprotein. Oxidized low- 
density lipoprotein is cytotoxic to endothelial cells and 
is taken up rapidly by macrophages, giving rise to foam 
cells.*ë Also, remnants of triglyceride-rich lipoproteins 
are toxic to cultured endothelial cells.” Hyperlipidemia 
has been shown to inhibit endothelium-dependent re- 
laxation of vasculature in vivo." Furthermore, in vitro 
production of prostacyclin is influenced by both plasma 
lipoproteins and the types of fatty acids present.'~ '* 
Thus there is ample evidence that the plasma lipids 
may interfere with the properties of endothelial cells. 

Our previous work and the current study demon- 
strate that alterations in the lipolytic activity and the 
increased ratio of free fatty acids to albumin can change 
the properties of cultured endothelial cells. ‘These find- 
ings have two aspects. First, the enhanced lipolytic ac- 
tivity of sera from women with preeclampsia further 
underscores that the lipid metabolism of women with 
preeclampsia is altered. Second, the free fatty acids and 
possibly other lipid or enzymatic components of the 
sera from women with preeclampsia may be mediators 
in inducing endothelial dysfunction in preeclampsia. 

To further test “the lipid hypothesis of preeclampsia” 
studies are in progress to characterize the enhanced 
lipolytic activity of sera from women with preeclampsia. 


We thank Hallvard Gjgnneess for valuable discussions 
and support and Antonio B.S. Poleo for helpful advice 
in the preparation of the manuscript. 


REFERENCES 


1. Brown MA. Pregnancy induced hypertension. Curr Con- 
cepts Anaesth Intens Care 1989;17:183-97. 

2. Roberts JM, Taylor RN, Musci TJ, et al. Preeclampsia: an 
endothelial disorder. AM J OBSTET GYNECOL 1989; 
161:1200-4. 

3. Potter JM, Nestel PJ. The hyperlipidemia of pregnancy 
in normal and complicated pregnancies. AM J OBSTET 
GYNECOL 1979;130:165-70. 

4. Steinberg D, Parthasarathy S, Caren TE, et al. Beyond 
cholesterol. Modifications of low density lipoprotein that 
increase its atherogenecity. N Engl J Med 1989;320:1915- 
24. 

5. Lorentzen B, Endresen MJ, Hovig T, Haug E, Henriksen 
T. Sera from preeclamptic women increase the content 
of triglycerides and reduce the release of prostacyclin in 
cultured endothelial cells. Thrombosis Res 1991;63:363- 
72. 

6. Henriksen T, Mahoney EM, Steinberg D. Enhanced mac- 


Volume 167 
Number 2 


rophage degradation of biologically modified low density 
lipoprotein. Arteriosclerosis 1983;3:149-59. 

. Gianturco SH, Lin AH-Y, Hwang L, et al. Distinct murine 
macrophage receptor pathway for human triglyceride- 
rich lipoproteins. J Clin Invest 1988;82:1633-43. 

. de la Llera M, Glick JM, Rothblat G. Mechanism of tri- 
glyceride accumulation in rat preadipocyte cultures ex- 
posed to very low density lipoprotein. J Lipid Res 
1981;22:245-53. 

. Sorrentino D, Robinson RB, Kiang C, et al. At physiologic 
albumin/oleate concentrations oleate uptake by isolated 
hepatocytes, cardiac myocytes and adipocytes is a satur- 
able function of unbound oleate concentrations. J Clin 
Invest 1989;84:1325-33. 


10. 


11. 


12. 


13. 


Preeclamptic sera and endothelial triglycerides 447 


Speidel MT, Booyse FM, Abrahams A, et al. Lipolyzed 
hypertriglyceridemic serum and triglyceride-rich lipopro- 
teins cause lipid accumulation and are cytotoxic to cul- 
tured human endothelial cells. High-density lipoproteins 
inhibit this cytotoxicity. Thrombosis Res 1990;58:251-64. 
Creager MA, Cook JP, Mendelsohn ME, et al. Impaired 
vasodilation of forearm resistance vessels in hypercholes- 
terolemic humans. J Clin Invest 1990;86:228-34. 
Spector AA, Scanu AM, Kaduce TL, etal. Effect of human 
plasma lipoproteins on prostacyclin production by cul- 
tured endothelial cells. J] Lipid Res 1985;26:288-97. 
Denning GM, Figard PH, Kaduce TL, et al. Role of tri- 
glycerides in the endothelial arachidonic acid metabolism. 
J Lipid Res 1983;993-1001. 


Use of the fetal chest in estimating fetal weight 
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St. Louis, Missouri, and Pittsburgh, Pennsylvania 


OBJECTIVE: This study was designed to develop formulas using the chest circumference instead of the 


abdominal circumference for estimating fetal weight. 


STUDY DESIGN: Ultrasonographic measurements of the chest circumference, biparietal diameter, 
abdominal circumference, humeral length, and femoral length were obtained in 75 term fetuses of 
uncomplicated pregnancies within 24 hours of delivery. Three equations for fetal weight estimation that 
used the chest circumference, instead of the abdominal circumference, in combination with the biparietal 
diameter or the humeral length were developed by regression analysis. 

RESULTS: The average mean errors of fetal weight estimation for these equations vary from 7.1% to 


7.6%. 


CONCLUSIONS: These equations may be used in predicting the birth weight when the fetal abdomen is 
altered by certain fetal abnormalities. (AM J OBSTET GYNECOL 1992:167:448-50.) 
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Estimating the fetal weight by ultrasonography on 
the basis of computer-generated equations has been 
useful in the clinical management of many obstetric 
conditions. Equations that use the abdominal circum- 
ference (AC) in combination with the head circumfer- 
ence (HC), the biparietal diameter (BPD), or the fem- 
oral length (FL) have been extensively used for this 
purpose.'® Certain fetal conditions such as abdominal 
wall defects, significant uropathy, and intestinal ob- 





Fig. 1. Fetal chest circumference is obtained with two perpendicular diameters measured at four- 


chambered view of heart along bony rib margins. 
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Fig. 2. Scattergram along with linear regression line of birth weight versus fetal chest circumference 


is based on 75 patients. 


Table I. Equations for estimating fetal weight (N = 45 patients) 


Equation No. 


1. BWT = 154(CC) + 420(BPD) — 4507 
2. BWT = 148(CC) + 458(HL) — 3509 


3. BWT = 138(CC) + 320(HL) + 280(BPD) — 4908 


Coefficient correlation p Value 
0.86 0.0001 
0.87 0.0001 
0.88 0.0001 





Table II. Percentage error of fetal weight 
estimation (N = 30 patients) 


Equation No. 


l 7.6 8.8 — 
2 1.4 8.8 — 
3 7.1 7.6 — 
4 (1) 1.0 9.8 0.001 
5 (2) Bak 11.1 0.001 





Percentage error = 100 (EFW — BWT)/BWT. The p val- 
ues are calculated for the difference in mean percentage er- 
rors between equation 4 or 5 and equation 1, 2, or 3. 


struction or atresia may make the AC unsuitable for an 
accurate estimation of the fetal weight. This study was 
designed to develop formulas that use the chest cir- 
cumference (CC) instead of the AC for estimating fetal 
weight. 


Material and methods 


This study was carried out at the Washington Uni- 
versity Medical Center during the period from Aug. 1, 
1989, to Oct. 30, 1989. Ultrasonographic measure- 
ments of BPD, HC, AC, CC, FL, and humeral length 
(HL) were made in 75 term fetuses of uncomplicated 
pregnancies within 24 hours of delivery with the use 
of a 3.5 MHz linear transducer. The BPD was measured 
at the level of the midbrain from the outer margin to 
the inner margin of the proximal and distal skull tables 


Table III. Accuracy of fetal weight estimation 
(N = 30 patients) 


Equation No. | S5% of BWT | <10% of BWT | <15% of BWT 


3 40 57 70 
4 Bs Fe 77 87 
5 33 73 87 





respectively. The femoral length was measured from 
the greater trochanter to the lateral epicondyle. The 
chest circumference was measured in a transverse plane 
at the level of the four-chambered view of the heart 
along the bony margins of the chest (Fig. 1). Antero- 
posterior (AP) and transverse (TRV) diameters were 
measured and the circumference was calculated ac- 
cording to the formula: Circumference = (AP + 
TRV) x 1.57. The relationship between ultrasono- 
graphic measurements (BPD, HC, CC, AC, FL, and 
HL) and birth weight (BWT) was retrospectively ex- 
amined by stepwise regression analysis based on 45 pa- 
tients. Equations for estimating the fetal weight by 
means of the chest circumference with the best corre- 
lations were developed. These equations were then pro- 
spectively used to estimate the fetal weight in 30 pa- 
tients. For comparison, the estimated fetal weights were 
also obtained from the following previously published 
equations that utilize the AC: Log 10 BWT = 
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— 1.7492 + 0.166(BPD) + 0.046(AC) — 2.646(AC + 
BPD)/1000 and Log 10 BWT = 1.3598 + 0.051(AC) 
+ 0.1844(FL) — 0.0037 (AC x FL). These two equa- 
tions are from references 1 and 2 and are identified as 
equations 4 and 5, respectively, in our subsequent dis- 
cussion and in Tables II and III. Relative error was 
calculated by dividing the difference in the estimated 
fetal weight (EFW) and the BWT by the BWT. Un- 
derestimation of the birth weight results in a negatively 
relative error. The Student ¢ test was used to compare 
the mean percentage errors of estimating fetal weight 
by our equations with those by equations 4 and 5. A p 
value of <0.05 is considered statistically significant. 


Results 


Birth weights range from 2260 to 4740 gm. The chest 
circumference varies linearly with the birth weight with 
a correlation coefficient of 0.69 and a p value of 0.001 
(Fig. 2). The three best-fit equations that used CC in 
combination with BPD, HL, or FL are presented in 
Table I. The correlation coefficients of these equations 
are 0.86, 0.87, and 0.88, respectively. The accuracy of 
predicting the birth weight is summarized in Tables II 
and III. Table II shows the means and the standard 
deviations of the systematic percentage error. Table III 
shows the percentage of patients with the estimated 
fetal weight within 5%, 10%, or 15% of the birth weight, 
respectively. The equations containing CC tend to un- 
derestimate the birth weight. The difference in the rel- 
ative mean percentage error of predicting BWT be- 
tween the equations that use CC and those using AC 
as proposed by Shepard et. al.’ or Hadlock et als is 
statistically significant (Table II). The intraobserver 
variation coefficient for measuring the chest circum- 
ference is 5%. 


Comment 


Chest circumference linearly increases while the ratio 
of the chest circumference to the abdominal circum- 
ference remains constant at about 0.89 as gestation ad- 
vances during the interval of 16 to 40 weeks.* The chest 
circumference increases on an average 9.1 mm and 6.3 
mm per week during the intervals of 20 to 30 weeks 
and 30 to 40 weeks, respectively.” Our study demon- 
strated that the chest circumference correlates propor- 
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tionately with the birth weight in normal term preg- 
nancies. In addition, the mean percentage error of fetal 
weight estimation with the CC, HL, and BPD as in our 
equation 3 is 8.1%, which is comparable to that reported 
by others using the AC."* Fifty-seven percent of our 
patients have the estimated fetal weight within 10% of 
the birth weight. Similarly, Shepard et al.’ reported that 
the fetal weight could be predicted within 10% of the 
birth weight with the use of the computer-generated 
formula and both the AC and BPD in 54.8% of their 
patients. Our study demonstrates that the equations 
that use the AC are more accurate in predicting the 
birth weight than those that use the CC for the same 
study population. Thus the previously published equa- 
tions that use the AC in combination with BPD, FL, or 
both are preferable to ours in estimating fetal weights 
when AC can be accurately measured in term preg- 
nancies. However, our equations could be reasonable 
alternatives when the measurement of the AC may not 
be optimal for the purpose of fetal weight estimation. 
The latter may occur in fetal conditions such as ab- 
dominal wall defects, obstructive uropathy, or bowel 
obstruction. The increased fetal abdominal circumfer- 
ence in these situations may not necessarily reflect the 
increased fetal weight. 

Thus our equations that use the CC in combination 
with the BPD or HL can be used to estimate fetal weight 
with a high degree of accuracy. These equations may 
be helpful in selected cases of fetal abnormalities. 
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Oral condyloma lesions in patients with extensive genital 


human papillomavirus infection 


Pierluigi Benedetti Panici, MD,* Giovanni Scambia, MD,* Lidia Perrone, MD,* 
Francesco Battaglia, MD,* Paola Cattani, MD,” Carla Rabitti, MD,‘ Giuseppe Dettori, MD,” 
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OBJECTIVES: The incidence, location, and morphologic appearances of human papillomavirus oral 
lesions in patients with genital condylomatosis were investigated with clinical, colposcopic, and histologic 
examination as diagnostic procedures. The human papillomavirus types were also evaluated with filter in 


situ hybridization. 


STUDY DESIGN: One hundred one patients, 66 female and 35 male, with genital condyloma underwent 
an oral cavity examination. Ninety-nine (99%) practiced orogenital sex, and all were asymptomatic for oral 


lesions. 


RESULTS: Ninety-one underwent biopsy; histologic studies gave a diagnosis of condyloma in 48% of 101 
specimens collected. In 8 of 91 (9%) oral lesions were suspected by naked-eye examination; they were 
confirmed histologically in all eight. Of 83 patients suspected of having oral condyloma on colposcopic 
examination, 38 (46%) were confirmed histologically. Thus 38 of 46 patients (83%) had oral condyloma not 
visible to the naked eye. Colposcopically, oral lesions appeared filiform (50%), moruloid (26%), and mixed 
(24%). Twenty cytologic oral samples were also collected for deoxyribonucleic filter in situ hybridization 
analysis. Human papillomavirus deoxyribonucleic genital types were observed in 45% (9/20) of all oral 


scrapings collected, and all were histologically confirmed. 


CONCLUSION: Our data indicate that genital human papillomavirus types are capable of establishing a 
local infection in the oral cavity and demonstrate a high incidence of human papillomavirus oral lesions in 
patients with genital condyloma. (AM J OssteT GYNECOL 1992;167:451-8.) 


Key words: Oral condyloma lesions, human papillomavirus, colposcopy 


In the oral cavity the presence of various clinical 
expressions of different human papillomavirus (HPV) 
types has been reported by several authors.'® In par- 
ticular HPV type 13 has been found to be exclusively 
associated with focal epithelial hyperplasia.* 7 More- 
over, recently the presence of HPV types 6, 11, 16, and 
18 has also been found in different oral lesions.*'! How- 
ever, the prevalence and clinical spectrum of HPV oral 
cavity infection and the oncogenic potential of these 
lesions are still unknown. The manner of HPV trans- 
mission into the oral cavity is not precisely known. 
Direct contact and self-inoculation are probably the 
main contributors to the diffusion of the disease in 
sexually active individuals.'*"* 

In this study we wanted to investigate the presence, 
location, and morphologic appearances of HPV oral 
lesions in patients affected by genital condylomatosis 
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by means of clinical, colposcopic, and histologic ex- 
amination as diagnostic procedures. A series of 20 pa- 
tients were also evaluated for the presence of HPV 
types in oral cavity lesions with filter in situ hybridi- 
zation. 


Material and methods 


From February 1988 through February 1990, 101 
unselected, consecutive patients attending the Colpos- 
copy Clinic of the Department of Gynecology of the 
Catholic University were evaluated and enrolled for an 
oral cavity examination. All patients gave consent to 
participate in the study, and no one refused an oral 
cavity inspection with histologic examination. The 
study group consisted of 66 female (median age 33 
years, range 18 to 45) and 35 male (median age 32 
years, range 24 to 45) subjects with histologically con- 
firmed genital condyloma. All patients were asymptom- 
atic. The median age of the first coitus was 16 years 
(range 15 to 22), and the median number of partners 
was four (range 1 to 15). Ninety-nine of 101 patients 
(98%) practiced orogenital sex, and all showed one or 
more genital sites affected by HPV. In particular female 
patients showed vulvar (100%), cervical (56%), urethral 
(48%), vaginal (45%), and perianal and anal (38%) HPV 
lesions, whereas male patients showed HPV lesion of 
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Table I. Oral colposcopic lesion characteristics 
in 101 patients subjected to oral 
cavity examination 





No of patients with sus- 


pected oral lesions 9] 
Oral site affected (%) 
Tongue 100 
Buccal mucosa 2 
Lip l 
Tongue sites affected (%) 
l 76 
2 22 
>2 2 
No and size of lesions (%) 
>5 Lesions 61 
<5 Lesions 39 
>2 mm 58 
<2 mm 42 
Morphologic type (%) 
Filiform 50 
Moruloid 26 
Mixed 24 





the penile prepuce (87%), the penile shaft (25%), the 
glans with corona (35%), and the urethra meatus (3%). 

The epithelial surface of the oral cavity was inspected 
visually and by colposcopic examination with a Opm1 
CD PLUS Zeiss colposcope (Zeiss, Oberkochen 
Germany). 

Excisional biopsies under colposcopic guidance were 
taken from suspected HPV oral lesions. Specimens 
were placed in formalin for routine histologic studies. 
Cytologic oral samples were collected from the last 20 
patients with cotton exfoliating swabs before biopsy, 
and samples were put in phosphate-buffered saline so- 
lution and stored at — 20° C until assayed by filter in 
situ hybridization technique. 

Clinical and colposcopic terminology. After appli- 
cation of a 5% acetic acid solution in the oral mucosa 
and in the back and bottom of the tongue, which is left 
in place for 2 to 3 minutes, it is frequently possible to 
reveal the presence of white areas and colposcopic le- 
sions similar to those observed in the genital tract. The 
following types of characteristic colposcopic lesions 
were observed: (1) white filiform lesions with an evident 
capillary loop (2) white, roundish lesions with a central 
capillary loop and irregular surface (like a microscopic 
mulberry), which we defined “moruloid” and (3) shiny 
white keratotic plaques. 

Because of some morphologic similarites to HPV- 
related lesions of the genital tract, we hypothesized that 
these lesions could be indicative of HPV infection of 
oral cavity. 

We recorded all lesions <2 mm or >2 mm in the two 
major perpendicular diameters and also the number of 
lesions more than five or less than five in number for 
each oral area affected. 

Histologic terminology. Typical oral condyloma had 
histologic features similar to those found in the genital 
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area, where squamous epithelium with mild infiltration 
of lymphoid cell is present. The epithelium showed 
acanthosis (increased thickness of the spinous layer), 
hyperkeratosis (increased thickness or density of the 
stratum corneum), and koilocytosis (normal to enlarged 
hyperchromatic mononuclear or binuclear cells with 
perinuclear cytoplasmic vacuolization). The presence 
of multiple koilocytosis was taken as the pathogno- 
monic criteria to classify the lesion as condyloma. 
Therefore, lesions showing only minimal histologic 
changes, i.e., a mild degree of acanthosis and hyper- 
keratosis without koilocytosis or focal isolated koilocy- 
totic changes, were not classified as condyloma. 

Filter in situ hybridization. Filter in situ hybridiza- 
tion technique was performed according to the method 
described by Wagner et al.” 

By means of a counting chamber, the number of cells 
was estimated to be about 1 X 10 E4 epithelial cells for 
each sample. After thawing, the cells were resuspended 
and filtered into a nitrocellulose filter (0.45 pm pore 
size, 25 mm diameter, Sartorius Filters Inc., Hayward, 
Calif.). 

Cell lysis and deoxyribonucleic acid (DNA) denatur- 
ation were performed by overlaying the filter on a 
Whatman 3 MM paper, which was soaked in 1.5 
mol/L sodium chloride and 0.05 mol/L sodium hy- 
droxide for 5 minutes. Filters were then placed twice 
for 10 minutes on a Whatman 3 MM paper previously 
soaked in 0.5 mol/L Tris, pH 7.4, 20x saline sodium 
citrate (3 mol/L sodium chloride and 0.3 mol/L sodium 
citrate). Filters were air dried and baked at 80° C for 
30 minutes to fix the DNA . Each filter was cut in half 
and stored in 50 ml plastic Falcon tubes (approximately 
40 half filters per tube) until further processing. 

The filters were prehybridized for 4 hours at 42° C. 
The prehybridization solution consisted of 50% form- 
amide, 5X saline sodium citrate, 50 mmol/L sodium 
phosphate buffer (pH 6.5), 0.02% bovine serum al- 
bumin, 0.02% Ficoll 400, 0.02% polyvinylpyrrolidone, 
0.05 mg/ml denatured transfer ribonucleic acid (Boeh- 
ringer Mannheim, Germany). 

Hybridization was performed for 40 hours under 
stringent conditions at 42° C, which corresponded to 
20° C below melting temperature (— 20° C). The so- 
lution was the same as above; however, the concentra- 
tion of transfer ribonucleic acid was modified (0.1 
mg/ml) with the addition of 2 x 10 E6 counts/min/ml 
of denatured phosphorus 32-labeled HPV DNA 
probe. 

After hybridization the filters were washed three 
times for 30 minutes in 2 SCC containing 0.1% so- 
dium dodecyl phosphate at 68° C. 

The most filters were placed in stampholders and 
exposed to Kodak (Eastman Kodak Co., Rochester, 
N.Y.) X-Omat radiographic film for 5 days at 
=70 G, 
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Fig. 1. Morphologic features of condylomatous lesions of tongue at colposcopy. A, Filiform lesions 
of lower surface of tongue. White wart with central capillary loop is evident. (Original magnification 
x 12.) B, Some moruloid lesions of lateral border of tongue. (Original magnification x 12.) C, Both 
filiform and moruloid lesions are evident in this patient with oral HPV infection. (Original mag- 
nification X 12.) 


Probe DNA and radiolabeling. Recombinant plas- 
mid containing types 6, 11, 16, and 18 DNA were kindly 
provided by Dr. E. M. de Villiers (Deutsches Krebsfor- 
schung Zentrum, Heidelberg). 

The HPV DNA recombinant clones were amplified 
by standard methods.’ The HPV DNA insert was sep- 
arated from the vector by restriction enzyme digestion, 
electrophoresis, and electroelution and was subse- 
quently purified over NACs Prepac columns (BRL, 
Gaithersburg, Md.) as recommended by the manufac- 
turer. The DNA was labeled with *P-deoxythymidine 
(New England Nuclear, DuPont) by nick translation 
to a specific activity of >10 E8 counts/min/ypg of 
DNA.” 

The filter in situ hybridization was performed with 
two mixtures of HPV types 16 and 18 DNA and HPV 
types 6 and 11 DNA, respectively. 


Results 


Oral lesion characteristics are shown in Table I. Of 
101 patients with extensive genital HPV infection, 91 
(90%) were found to have suspicious oral lesions. In all 
suspected patients the tongue was affected, and the 
lesions were located on lateral borders and lower and 


back surface (Fig. 1). Colposcopic findings of the 
tongue consisted of filiform (Fig. 1, A) or moruloid 
lesions (Fig. 1, B), whereas both types of lesion can be 
observed in the same patient (Fig. 1, C). 

All patients with suspected oral condyloma lesions 
underwent biopsy. Seventy-five patients had a single 
biopsy, and 16 had two biopsies, for a total of 107 spec- 
imens. The histologic examination of the 107 speci- 
mens collected gave a diagnosis of condyloma in 49 out 
of 101 (48%) specimens. In six cases (6%), specimens 
were not sufficient for a diagnosis. In the remaining 
52 specimens, histologic studies gave a diagnosis of pap- 
illomatosis in 10%, leukoplakia in 8%, hyperkeratosis 


-in 7%, mixed in 10%, and normal tissue in 10%. No 


intraepithelial neoplasia was detected. Morphologically, 
the 107 specimens collected for histologic examination 
appeared as filiform lesions in 64 cases (60%), as mo- 
ruloid lesion in 28 cases (26%), as leukoplakia in only 
one case (0.9%), and as mixed lesions in the remaining 
14 cases (13%). Moruloid and filiform colposcopic le- 
sions showed different histologic features; in the first 
form (Fig. 2, A and B) the epithelial lining surface was 
flat, whereas in the latter (Fig. 3, A and B) the epithe- 
lium covered dermal fibrovascular axes in fine digita- 
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Fig. 2. A, Photograph shows epithelial lining with flat surface. There is a mild degree of papillomatosis 
and a moderate flogistic infiltrate in chorion. (Original magnification X 250.) B, Higher magnification 
showing epithelial koilocytotic changes. (Original magnification x 400.) 


tions. Eight of 91 patients (9%) were found to have 
suspicious oral lesions by visual inspection, and all were 
confirmed histologically. Among 83 patients colposcop- 
ically suspected for oral condyloma, 38 (46%) were his- 
tologically confirmed; thus 38 of 46 patients (83%) had 
oral condyloma not visible to the naked eye. 


Among 48 histologically confirmed diagnoses of 


tongue condyloma, 17% were located in the lower sur- 
face, 71% on the lateral borders, and 13% on the dor- 


sum of the tongue. Histologic studies gave a diagnosis 
of condyloma in one of three biopsy specimens taken 
from lip and oral mucosa. Table I also shows the cor- 
relations between morphologic type, location of col- 
poscopic lesions, and histologic type. The lateral bor- 
ders of the tongue showed only filiform warts in 70% 
(42/60) of sites, and 66.6% of these were histologically 
confirmed. Most of remaining cases showed mixed 
morphologic types. On the other hand, all lesions lo- 
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Fig. 3. A, Fine extroflexion composed of thin fibrovascular axes lined by squamous epithelium in 
stroma. There is a slight infiltration of parvicellular elements. (Original magnification x 250.) B, 
Higher magnification showing koilocytotic changes. (Original magnification x 400.) 


cated on the dorsum of the tongue had a moruloid 
surface and were histologically confirmed as condyloma 
in 27.2% of cases. 

The correlation between the colposcopic features and 
the histologic findings is reported in Table III. In par- 
ticular, koilocytes were more frequently present in fil- 
iform lesions than in moruloid lesions. 

Finally, to confirm the relationship between genital 


and oral condyloma lesions, cytologic oral samples ob- 
tained from the last 20 patients observed were analyzed 
for the presence of genital type HPV DNA by filter in 
situ hybridization (Table IV). HPV DNA were found 
in nine of 20 (45%) different patients. In five (56%) of 
the HPV-positive patients the viral sequences were ho- 
mologous to those of HPV types 6 through 11, and in 
three (33%) they were homologous to types 16 through 
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Table II. Correlation between morphologic type location of colposcopic oral cavity lesions, and 


histologic type 





Morphology Oral sites 

Tongue 

Filiform Lateral borders 

Filiform Lower surface 

Moruloid Dorsum 

Moruloid Lateral borders 

Filiform and moruloid Lateral borders 
Others 

Moruloid Lip 

Leukoplakia Oral mucosa 


Condyloma 


42 42.4 28 66.6 
17 17:7 8 47.0 
22 22.2 6 27.2 
3 5:3 l 33.3 
15 13.5 5 53.3 
l 35.5 — — 
2 66.6 l 50.0 





Table III. Correlation between colpscopic appearance and histologic type 


Colposcopic No 
appearance 
Filiform 69 
Moruloid 30 


Leukoplakia 2 


Papillomatosis 
8 
2 


Histologic type 


Koilocytosis 


12 41 59 
7 T 23 
— l 50 





18. In one case viral DNA homologous to that of types 
6, 11, 16, and 18 was present. In the same 20 patients 
cytologic cervical samples were also collected. Among 
these 12 samples were positive for HPV types, with a 
concordance rate between cervical and oral samples of 
80%. Finally, the correlations between the sites of 
tongue localization of lesions and HPV DNA type in 
the nine patients with oral HPV infection are shown in 
Table V. 


Comment 


Our study shows that 50% of patients with multiple 
and widespread genital HPV infection who practice 
orogenital sex had histologically confirmed oral con- 
dylomas. This high incidence in a large series of pa- 
tients, all asymptomatic for oral lesions, has never been 
reported in literature, although in the last years an 
increasing interest in HPV research by oral pathologist 
has been reported, and the genital oral sexual trans- 
mission of the organism has been hypothesized.” 1151 

Our results may be related to the particular sexual 
behavior of patients analyzed, who practiced orogenital 
sex. The simultaneous cytologic detection of the same 
HPV types both in the oral cavity and the genital tract 
of patients supports this mode of transmission. How- 
ever, the systematic use of colposcopy as a diagnostic 
procedure must also explain the higher incidence 
of oral HPV lesions in our study, compared with 
other studies in which colposcopy was not per- 


formed 7, 10,.11,,.33 


In fact, the much higher sensitivity of colposcopy 
with respect to simple visual examination (83% vs 9%) 
suggests that magnification is a mandatory procedure 
for detecting oral lesions. Colposcopy also allows us to 
establish the exact location, number, and morphologic 
appearance and to perform direct biopsies of the oral 
areas suspected. In contrast to others authors who re- 
ported oral condylomatous lesions equally distributed 
among various oral cavity sites," in our series the 
tongue represents the oral site most frequently af- 
fected. In our series oral condylomas appeared as mul- 
tiple, small, white or pink nodules, sessile or pedun- 
culate with a moruloid aspect, and as papillary growth 
with filiform characteristics. The size of oral lesions was 
>? mm in >50% of lesions, and in 61% of cases more 
than five lesions were present. Therefore our data con- 
firm and extend previous observations obtained in 
small series of patients.” '' " 

Histologic examination gave a diagnosis of oral con- 
dylomas in 48% of 101 biopsies collected, whereas 27% 
of the remaining negative specimens showed features 
usually indicative of the presence of HPV infection.” 
The histologic finding of normal tissue in 10% of our 
biopsy material could be ascribed at least in part to an 
incorrect sampling. 

HPV types 6, 11, and 13 have been identified in warty 
lesions of the oral cavity.” HPV type 16 has also been 
found, but it is less commonly associated with benign 
oral lesions. The results reported in our study dem- 
onstrate that HPV types 16 and 18 and 6 and 11, which 
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Table IV. Clinical, colposcopic and histologic characteristics of HPV typed lesions 


Subject Age Colposcopic 
No. Sex (yr) HPV type* appearance Histologic type 
29 


l M 6/11 

2 M 29 Negative 

3 F 33 Negative 

4 M 33 Negative 

5 M 45 6/11 

6 Ẹ 28 16/18 

7 F 24 Negative 

8 F 44 6/11 

9 F 30 6/11 
10 F 30 Negative 
1] F 29 Negative 
12 F 23 Negative 
13 F 28 6/11, 16/18 
14 F 29 Negative 
15 F 40 Negative 
16 M 38 Negative 
17 F 25 Negative 
18 F 26 16/18 
19 F 20 16/18 
20 F 35 6/11 


Filiform 


Widespread koilocytosis 


Filiform Papillomatosis with koilocytosis 
Filiform Hyperkeratosis with koilocytosis 
Filiform Papillomatosis with koilocytosis 
Filiform Papillomatosis with koilocytosis 
Filiform Papillomatosis with koilocytosis 
Filiform Papillomatosis with koilocytosis 
Filiform Condyloma acuminatum 
Filiform Condyloma acuminatum 
Filiform Condyloma acuminatum 
Filiform Papillomatosis with koilocytosis 
Filiform Papillomatosis with koilocytosis 
Filiform Condyloma acuminatum 
Filiform Condyloma acuminatum 
Filiform Condyloma acuminatum 
Filiform Papillomatosis with koilocytosis 
Filiform Widespread koilocytosis 
Filiform Papillomatosis with koilocytosis 
Moruloid Condyloma 

Filiform Papillomatosis with koilocytosis 


*Filter in situ hybridization was performed with two mixture of HPV types 6 and 11 DNA and HPV types 16 and 18 DNA, 


respectively. 


Table V. Correlation between age, sex, localization of lesions, and HPV DNA type in nine patients with 


oral condyloma 


se 7 s op 
29 M Lateral borders l 6-11 
45 M Right lateral border 6-11 
28 F Left lateral border 16-18 
20 F Dorsum 16-18 
26 F Lower surface and lateral borders 16-18 
44 F Dorsum and left lateral border 6-11 
30 F Lateral borders and lower surface 6-11 
35 F Right lateral border 6-11 
28 F Lateral borders 6-11, 16-18 


*By filter in situ hybridization technique (see Material and methods). 


are frequently found to be associated with genital le- 
sions, can be also detected in cells obtained from oral 
condyloma with filter in situ hybridization. Moreover, 
the incidence of lesions positive for these HPV types 
in the oral cavity resembles the one previously dem- 
onstrated for the genital condyloma. 

In fact, HPV DNA was observed in 45% (9/20) of all 
oral scrapings examined, and all were histologically 
confirmed. It is interesting to note here that the greater 
number of positive samples for HPV types 6 and 11 
(55%) compared with those which had DNA homolo- 
gous to types 16 and 18 (33%). These data might have 
a prognostic significance for these patients. Moreover, 
the presence in the oral cavity of HPV types 16 and 
18, which are more frequently associated to malignant 
genital diseases, point to the importance of having a 
simple and noninvasive technique that allows screening 
and follow-up of a high number of subjects in whom 
HPV infection is suspected. On the basis of this report 


a large clinical trial is now in progress in our depart- 
ment, aimed at comparing the occurrence of HPV sub- 
types in simultaneous biopsies taken from different 
areas of the genital tract and oral cavity from pa- 
tients with histologically confirmed genital and ozal 
condyloma. 

The presence of genital types of HPV DNA in cells 
obtained from oral condylomatous lesions indicates that 
these viruses are capable of establishing a local infection 
in different sites of the oral cavity. From our data aad 
in agreement with other authors,®*° it should be hy- 
pothesized that primary oral infection can follow a di- 
rect contact between virus and oral epithelium, as sug- 
gested by the sexual behavior of the patients studied, 
whereas secondary infections may result from hema- 
togenous spread or autotransmission in patients with a 
HPV genital infection.*° 

In conclusion, the presence of genital condylomas 
should alert the clinician to inquire about the presence 
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of simlar wartlike lesions in the oral cavity, with par- 
ticular regard to those patients wno practice orogenital 
sex.-Moreover, colposcopy appears to be an invaluable 
aid in establishing the diagnosis of oral condyloma. 


19. 
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A comparison of circulating hormone levels in postmenopausal 


women receiving hormone replacement therapy 


Raymond W. Jurgens, Jr., PhD, Laurence J. Downey, MD, William D. Abernethy, BS, 


Neal R. Cutler, MD,° and Julie Conrad, RN? 
Marietta, Georgia, and Beverly Hills, California 


seventeen postmenopausal subjects were randomized into this comparative study of esterified estrogen 
0.625 mg (Estratab), esterified estrogen 0.625 mg plus 1.25 mg methyltestosterone (Estratest H.S.), or 
conjugated estrogen 0.625 mg (Premarin). Sixteen subjects completed the study in which plasma hormone 
concentrations of estrone and estradiol were assessed at various time points. There were no significant 
differences among the treatment groups. (Am J Osstet Gyneco. 1992;167:459-60,) 


Key words: Hormone levels, postmenopausal women, hormone replacement therapy 


There are many different products available to cli- 
nicians for the treatment of postmenopausal symptoms, 
as well as a number of therapeutic regimens.’ Each 


product has been shown to have particular benefits and - 


allow for individual needs and concerns of patients, as 
well as their physicians. Management of postmeno- 
pausal symptoms usually includes oral estrogen, pro- 
gestogen, and androgen formulations currently mar- 
keted. Whereas a number of estrogen formulations 
have been prescribed for decades, there is little com- 
parative information available on the differences in po- 
tencies and pharmacologic effects. Some laboratories 
have measured free and total plasma estradiol and es- 
trone levels during a 25-day administration of estrone 
sulfate and estradiol. Others have correlated estrogenic 
potency with hepatic protein production after admin- 
istration of various oral, transdermal, and vaginally de- 
livered estrogen preparations.” 

The purpose of this study was to measure and com- 
pare plasma levels of estrone and estradiol in post- 
menopausal women after the administration of com- 
mercially available oral esterified or conjugated estro- 
gen products. 


Patients and methods 


The investigation was approved by the local human 
investigation committee and informed consent was ob- 
tained. Seventeen postmenopausal subjects (14 natural 
and three surgical) entered the study. The demo- 
graphic characteristics were similar across the three 
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Table I. Levels of follicle-stimulating hormone 






Follicle-stimulating 
hormone (mIU/ml) 













Subject Treatment 
identifier group 

60178 Estratab 99.6 * 
60180 Estratab 82.3 45.3 
60183 Estratab 65.8 54.0 
60188 Estratab 64.9 59.3 
60190 Estratab 73.2 40.3 
60193 Estratab 78.3 57.8 
60177 Premarin 60.2 22.2 
60182 Premarin 91.6 63.1 
60184 Premarin 157.4 83.1 
60187 Premarin ~ “ 109.1 66.9 
60189 Premarin 128.6 83.9 
60179 Estratest H.S. 151.1 86.1 
60181 Estratest H.S. 89.4 73.3 
60185 Estratest H.S, 143.3 69.1 
6019] Estratest H.S. ` 109.3 62.9 
60192 Estratest H.S. 141.6 87.4 


*Data not available. 


treatment groups. Mean age was 53.95 years with a 
range of 37.9 to 65.8 years. Two patients presented 
with menopausal symptoms at screening. At baseline 
(after washout) six patients were experiencing meno- 
pausal symptoms. Seventy-one percent of the subjects 
were white and 29% were categorized as other (His- 
panic, n = 3; black, n = 1). Subject 60186 did not meet 
inclusion-exclusion criteria and was dropped from the 
study shortly after treatment was begun. 

After patient randomization, blood samples were 
taken from patients at baseline and 8 hours after the 
first dose of drug. Patients returned to the clinic weekly 
for 5 weeks while taking medication at the same time 
daily after their morning meal. Blood samples were 
drawn & + 2 hours after the dose of study medication 
at each clinic visit for assay of plasma hormone levels. 
The plasma follicle-stimulating hormone level was de- 
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Fig. 1. Mean estradicl and estrone levels over time. 


termined at screening and on day 29. One week after 
administration of the last dose of study drug (day 36:, 
patients returned to the clinic for final evaluation and 
blood drawing. Estrone, estradio., and follicle-stimu- 
lating hormone were measured by radioimmun- 
oassay (Nichols Laboratories, San Juan Capistranc, 
Calif.). 


Results 


Sixteen subjects completed the study: six in the Es- 
tratab group, five in the Estratest H.S. group, and five 
in the Premarin group. There were no significant dif- 
ferences between the treatment groups in the plasma 
concentrations of estrone and es:radiol measured at 
any of the time points. The mean change in follicle- 
stimulating hormone from screening to day 29 was clin- 
ically insignificant among the three treatment groups 
(see Table I for subject levels). Vital signs remained 
constant over the course of the study. 


Comment 


As can be seen in Fig. 1, estrone and estradiol levels 
were fairly constant during treatment. Similar blood 
concentration levels appeared to be reached after a 
week of treatment with all three products. Circulating 
estrogens were cleared at the same rate after the end 
of treatment with all products and levels returning to 
approximately baseline levels within 7 days. The bio- 
logic action on the ovarian-pituitary feedback loop was 
apparently equivalent for all products, as they all ap- 
peared to suppress follicle-simulating hormone simi- 
larly after treatment with the study drug. 
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Prenatal diagnosis of human parvovirus B19 in nonimmune 


hydrops fetalis by polymerase chain reaction . 


Bruce W. Kovacs, MD, Dru E. Carlson, MD, Bejan Shahbahrami, MS, and 


Lawrence D. Platt, MD 
Los Angeles, California 


OBJECTIVE: Nonimmune hydrops fetalis is a potentially lethal condition reflecting the clinical 
manifestation of several pathologic processes. Recently maternal infection by human parvovirus B19 has 
been reported to result in nonimmune fetal hydrops. We sought to develop a rapid and sensitive test to 


detect the presence of this agent in utero. 


STUDY DESIGN: Using a cloned isolate of the virus, we developed an assay based on enzymatic 
amplification of a segment of the human parvovirus B19 genome that allows direct detection of this agent 


in samples of fetal blood and amniotic fluid. 


RESULTS: The method detected as few as 100,000 genome equivalences and was specific for the viral 
genome alone. We used this assay to evaluate nine fetuses initially seen with nonimmune hydrops. Three 
cases were found to be positive for the human parvovirus B19 genome. 

CONCLUSION: The method is powerful in that it is rapid, sensitive, and simple. This assay may have 
general applicability in evaluation of nonimmune hydrops and in documentation of the natural history of 
fetal human parvovirus infections. (Am J Opstet Gynecot 1992;167:461-6.) 


Key words: Prenatal diagnosis, parvovirus B-19, hydrops fetalis, polymerase chain reaction 


Hydrops fetalis is a potentially lethal condition that 
can be caused by immunologic or nonimmunologic fac- 
tors. The advent of measures to prevent rhesus factor 


isoimmunization has resulted in nonimmune fetal hy- © 


drops becoming the most frequently encountered form 
of this condition in the United States.’ It is estimated 
that this condition complicates | in every 3000 to 4000 
pregnancies.” 

Importantly, a variety of conditions have been as- 
sociated with nonimmune fetal hydrops. Therefore 
depending on the cause the fetal outcome can be quite 
variable. In some cases the hydrops appears to resolve 
spontaneously, resulting in an apparently narmal off- 
spring. However, in other cases the prognosis for the 
fetus is grave.’ When fetal hydrops is diagnosed by 
ultrasonography a clinical dilemma arises with respect 
to the most appropriate counseling and management. 
Thus it is important that as much information as pos- 
sible be gathered relative to the cause so that the an- 
tenatal management of this disorder is optimal.‘ 

Recently maternal infection by human parvovirus 
B19 during gestation has been reported to be associated 


From the Departments of Obstetrics-Gynecology and Pathology, Uni- 
versity of Southern California School of Medicine. l 
Recewed for publication August 12, 1991; revised January 21, 
1992; accepted February 13, 1992.. 

Reprint requests: Bruce W. Kovacs, MD, Molecular and Cytogenetics 
Laboratory, 1240 N. Mission Read, Room 1M-18, Los Angeles, CA 
90033. 

6/1/37265 


with nonimmune fetal hydrops.* Therefore in additicn 
to other modalities of diagnosis a rapid test to detect 
the presence of human parvovirus B19 in utero wouid 
add to the clinical tools used in the evaluation of non- 
immune hydrops and aid the clinician in management 
decisions. In this study we report on a sensitive methcd 
to detect the presence of the human parvovirus B19 
deoxyribonucleic acid (DNA) in clinical specimens 
based on sequence-specific DNA amplification. This 
polymerase chain reaction detection method was used 
to identify a portion of the parvovirus B19 genome in 
samples of fetal blood and amniotic fluid obtained from 
several pregnancies presenting with nonimmune hy- 
drops fetalis. 


Material and methods 


A 20-base oligonucleotide probe complimentary to 
nucleotides 1730 through 1749 of a human parvovirus 
B19 isolate’ was synthesized on an automated DNA 
synthesizer (model 380, Applied Biosystems, Foster 
City, Calif.) and purified by high-performance liquid 
chromatography and acrylamide gel electrophores:s. 
Hybridization of this probe to cloned plasmid DNA and | 
DNA obtained from clinical samples was performed 
either in gel or with nylon membranes after radiola- _ 
beling the B19 oligonucleotide probe with phosphorus 
32—labeled adenosine triphosphate T4 polynucleotide 
kinase.* The conditions of hybridization for both the 
dried gels or nylon membranes was at 60° C for 8 to 
12 hours in 6x standard saline citrate buffer contain- 
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Table I. Nonimmune fetal hydrceps cases evaluated 


Gestational age - Fetal hemoglobin Human parvevirus 
Case (wk)* (gm/dl) (DNA) 


3476 29 14.9 
9802 21 12.1 
8217 35 13.5 
5653 32 15.2 
7721 32 9.1 
2356 22 29 
1121 30 15.0 
5183 37 12.6 
3325 36 17.1 


*At blood sampling. 
TOf percutaneous umbilical blood sample. 


ing 10 pg/ml transfer ribonucleic acid and 2 x 107° 
cpm/ml of the B19 oligonucleotide probe.’ After hy- 
bridizations the matrixes were washed in 6 X standard 
saline citrate buffer for 2 to 3 hours at room temper- 
ature. and 30 minutes at 65° C. Gels and membranes 
were then autoradiographed with intensifying screens 
at — 70° C for 1 to 3 days. 

The primer set for enzymatic ‘amplification of the 
parvovirus B19 genome by polymerase chain reaction 
was synthesized and purified in the same way as B19 
oligonucleotide probe. The 5’ primer was identical to 
nucleotides 1667 through 1686 of the parvovirus ge- 
nome; the 3’ primer was the reverse compliment of 
nucleotides 1921 through 1940 of the viral genome.’ 
The primers for the human genomic positive standard 
were composed of a pair of oligonucleotides that am- 
plify a 700 base-pair segment previously described in 
the human actin gene.’ The conditions for the poly- 
merase chain reaction amplification were optimized for 
a 100 pl reaction volume with 2.5 units of Taq poly- 
merase (AmpliTaqg, Perkin-Elmer Cetus, Norwalk, 
Conn.). Each reaction mixture contained 50 mmol/L 
potassium chloride, 10 mmol/L Tris pH 8.3, 2.5 
mmol/L magnesium chloride, 1.0 mmol/L deoxynu- 
cleoside triphosphates, 40 pmol/L each primer, 
4 mmol/L spermidine hydrochloric acid, and various 
amounts of template DNA as noted in results. Each 
reaction mixture was overlayed with mineral oil; after 
an initial incubation at 97° C for 4 minutes, 30 cycles 
of amplification were carried out, each consisting of 
] minute at 94° C and 3 minutes at 65° C. After the 
amplification 10 pl aliquots of the reaction mixture 
were either subjected to electrophoresis in 2% agarose 
gels for 1 hour at 60 V or spotted onto nylon mem- 
branes with a dot blot device. Nonisotopic detection of 
the amplification product was done by staining gels with 
ethidium bromide for 15 minutes; the gels were then 
visualized and photographed with ultraviolet light. 

The known positive standard template DNA source 
was the plasmid pYT104C (a gift from P. Tattersall) 
containing the entire coding sequence of a human par- 
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Fetal outcoime 
Negative Live birth 
Negative Fetal death 
Positive Infant death 
Negative Neonatal death 
Negative Neonatal death 
Positive Termination 
Negative Live birth 
Positive Neonatal death 
Negative Neonatal death 


vovirus B19 isolate.’ Before hybridizations and poly- 
merase chain reaction amplifications the plasmid DNA 
was linearized by Sal I digestion. 

Clinical samples consisted of 1.5 ml of amniotic fluid 
or 0.25 ml of fetal cord blood odtained antenatally by 
ultrasonographically guided amniocentesis or percu- 
taneous umbilical blood sampling from gestations ini- 
tially seen at various gestational ages with hydrops fe- 
talis. Samples of maternal peripheral blood were also 
obtained at initial evaluation. The basic clinical aspects 
of the gestations evaluated are summarized in Table I. 
Blood and amniotic fluid samples were prepared for 
dot-blotting or polymerase chain reaction by a rapid 
freeze-thaw followed by centrifugation at 12,000 rpm 
in a microfuge for 5 minutes to obtain a supernatant 
free of cell debris. In both the dot blot and polymerase 
chain reaction experiments 20 wl of supernatant was 
used without further treatment. Approval for use of 
the test on material from human subjects was obtained 
from the institutional research committee. 


Results 


The sensitivity and specificity of the B19 oligonu- 
cleotide probe and the optimal conditions for hybrid- 
ization were determined by dot blots with serial dilu- 
tions of DNA isolated from plasmid pYT104C sus- 
pended in buffer. The quantity of DNA spotted onto 
the nylon membrane for this determination ranged 
from 10 pg to 1 pg. In addition, 0.1 wg of plasmid DNA 
was added to 0.5 ml lysed whole blood from an unin- 
fected individual and spotted onto the nylon mem- 
brane. An additional control of 0.5 ml lysed whole 
blood without pYT104C DNA was also used. The re- 
sults of these hybridizations are shown in Fig. 1. This 
experiment demonstrated that, under our conditions, 
the B19 oligonuclectide probe detected as little as 10 
pg of the parvovirus DNA, equivalent to about 2 x 10° 
viral particles. Parvovirus DNA was also detected in the 
presence of whole blood, although the signal strength 
was slightly less intense than that seen with an equiv- 
alent quantity of target DNA suspended in buffer. Thus 
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in the presence of whole blood the lower limit of sen- 
sitivity was about fivefold less than the sensitivity in 
buffer, or about 10° viral particles. No hybridization 
signal was detected at the spot containing only lysed 
whole blood, indicating absence of detectable nonspe- 
cific hybridization to human DNA. 

We next used the primers B19A/B with the linear- 
ized whole plasmid DNA for polymerase chain reaction 
amplifications. To optimize the reaction, various pa- 
rameters of thermal cycling were tried. In these ex- 
periments we used a ] wg quantity of pYT104C DNA 
as the target for amplifications. Negative controls con- 
sisted of lug of human DNA, a 30 pl sample of lysed 
whole blood (both obtained from a noninfected per- 
son), or an aliquot of sterile buffer. Gel electrophoresis 
of the amplification reaction products revealed that af- 
ter an initial denaturation step at 95° C for 1 minute 
the 274-base-pair product was best amplified with a 
single temperature for annealing and extension. The 
negative controls did not yield any amplification prod- 
uct. To document that the amplification product was 
derived from the parvovirus genome the gels were hy- 
bridized to radiolabeled B19 oligonucleotide probe. 
The autoradiographs from this hybridization demon- 
strated that the DNA fragment amplified was specific 
for the segment of the parvovirus genome detected by 
the parvovirus-specific probe. We next determined the 
minimum quantity of parvovirus DNA necessary for 
amplification. Setting the number of amplification cy- 
cles at 30, with 1 wg of each primer 1 ul aliquots of 
serial dilutions of pYT104C plasmid DNA ranging 
from 100 pg to 0.01 pg were subjected to amplification. 
After this 50 ul quantities of the reaction products were 
electrophoresed for 1 hour, stained with ethidium bro- 
mide, and photographed. As shown in Fig. 2 these ex- 
periments demonstrated that as little as 1 pg or 2 x 
10* viral particles could be amplified and detected un- 
der our conditions. When this experiment was repeated 
with the same amounts of pYT104C DNA suspended 
in whole blood lysate a reduction in sensitivity was again 
found. Thus under these conditions our lower limit of 
detection was 5 pg of pYT104C DNA, equivalent to | 
x 10° viral particles. 

After these preliminary studies clinical samples ob- 
tained at prenatal evaluation of fetal hydrops were as- 
sayed by our polymerase chain reaction method with 
the optimized parameters developed in our preliminary 
studies. The results of these amplifications are shown 
in Fig. 3. With the method described we were able to 
detect the presence of parvovirus B19 in fetal blood 
samples in three of nine cases in which ncnimmune 
hydrops was detected by ultrasonography. However, 
only in case 2356 was the virus also detected in amniotic 
fluid. In addition, as determined by visual inspection 
of the ethidium bromide—stained gel, the amount of 
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Fig. 1. Hybridization of B19 oligonucleotide probe to dilutiors 
of parvovirus DNA. The range of concentration is from | pg 
of DNA in the first dot to 10 pg in the fifth dot. Positions 2 
and 6 contain equivalent amounts of parvovirus DNA (0.1 pg) 
mixed with sterile buffer and whole blood lysate, respectively. 


_ Position 7 contains a negative control of whole blood lysaze 


alone. 


virus in the fluid was much less than in the fetal blood 
in that the 274-base-pair amplification product was 
barely detectable. In all cases the success of polymerase 
chain reaction amplification was established by the pres- 
ence of the 700-base pair actin sequence on the gels. 
In no cases was parvovirus B19 detectable in the sarı- 
ples of maternal blood obtained at the time of fetal 
sampling. 

In all of the positive cases follow-up polymerase chain 
reaction analysis was done on fetal samples. In case 
8217 the clinical manifestations of hydrops resolved 
and the patient was delivered of a male infant without 
any apparent sequelae. ‘Test results for a cord blood 
sample obtained 4 weeks after the initia] sample were 
still positive for parvovirus B19 in the subsequent po- 
lymerase chain reaction analysis. Notably, in this fetus 
the hydrops resolved within 4 weeks of our evaluaticn, 
and the pregnancy resulted in a live-born male infant 
without apparent problems. This infant died at home 
53 days after delivery under circumstances presumed 
to be consistent with sudden infant death syndrome. 
An autopsy was not obtained on this infant precluding 
further analysis. 

In case 2356 the hydrops persisted and worsened 
over a 7-day period. At 25 weeks’ gestation ultraso- 
nography revealed massive pericardial effusion, ascites, 
and no cardiac motion in the fetus. After documen- 
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Fig. 2. Gel electrophoresis of polymerase chain reactions. with various amounts of parvovirus B19 


DNA with whole blood lysate. Lanes 1, 2, and 3 are negative controls with sterile buffer, 1 ug purified 


human DNA, and whole blood lysate as the amplification template. Lanes 4. through 9 are amplifi- 


cations with 0.1 pg, 1 pg, 5 pg, 50 pg, 100 pg, and 500. pg quantities of parvovirus DNA in whole 
blocd lysate. Lane 10 is a positive control of 500 pg of parvovirus DNA in sterile buffer. Fragment 


size is indicated i in base para (bp). 


tation of an intrauterine fetal death the pregnancy. was 


terminated. No autopsy was performed on this fetus; 


however, after delivery a portion of the placenta and 


fetal blood from cardiac aspiration was obtained, and 
test results for both were positive for parvovirus B19 
with our assay method. 


Case 5181 was delivered 36 hours after fetal blood 


sampling. The infant was delivered with marked hy- 
potension and was admitted to the neonatal intensive 
care nursery, where he died 12 hours after delivery. 
Blood samples obtained .in the nursery were sent for 


_. viral cultures, which were positive for parvovirus B19. 
'. In this case an autopsy revealed a 3280 gm male infant 


_ with: ‘generalized hydrops and edema. Hepatospleno- 
megaly ; was noted, along with an enlarged heart. His- 
topathologic’ examination of the heart demonstrated 
generalized inflammatory changes. The liver demon- 
strated perivascular mononuclear infiltrates. These 


- findings were believed to be consistent with those re- 


ported in other cases of fetal infection with several vi- 
ruses, including parvovirus B19.° Test results for.a por- 
tion of fetal cardiac muscle and spleen tissue obtained 
at autopsy were positive for parvovirus Big with the 
poles chain reaction. assay. > 

- The-maternal histories obtained in the three positive 
cases.were notable for several features. In case 8217 
the mother gave a history of recent travel to Mexico to 


visit family. During that visit she came in contact with 


several children who had symptoms resembling ‘ ‘influ- 
enza.” However, shë never aa any symptoms. 


In case 2356 the mother gave a history of “fu” with, 


' fever approximatelv. 4 weeks before evaluation. Case 


5181 was associated with maternal exposure to a child 
with nausea, vomiting, fever, and a “red face” in her 
home about 5 weeks before evaluation. Parvovirus- “spe- 
cific immunoglobulin studies were not obtained in any 
of these cases. 


Comment 


The polymerase chain reaction is a rapid and rela- 
tively simple molecular genetic technique that enzy- 


matically amplifies exceptionally small amounts of a 


specific DNA present in clinical samples. Since the first 
description of this technology the polymerase chain re- 
action method has been applied to clinical specimens 
for diagnosis of a variety of neoplastic, genetic, and 
infectious diseases: Indeed, at the same time the.stud- 
ies reported here were underway another group of 
investigators also reported on the use of polymerase 
chain reaction to detect the presence of human par- 

vovirus B16 in formalin-fixed tissues obtained at au-- 
topsy from a case of an intrauterine fetal death." In 
our-study we used the polymerase chain reaction tech- 
nique to amplify a different portion of the viral genome . 
and demonstrated that the sensitivity of this method. 
exceeds. that which can be obtained with more tradi-: 
tional approaches, such as dot-blots. Importantly, both 


studies show that the detection of the viral genome was 


specific in that known parvovirus-negative samples did 
not yield amplification product. However, as has been 
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Fig. 3. Gel electrophoresis of the amplification products obtained from fetal blood samples in the 
nine cases initially seen with hydrops fetalis are seen in lanes J] through 9. Lane 10 is a negative 
control, and lane 11 is a positive control. The 274-base-pair (bp) fragment is the parvovirus ampli- 
fication product, and the.700-base-pair fragment corresponds to the human actin standard. 


noted by others, contamination of samples with exog- 
enous target DNA template can be a potential problem 
in polymerase chain reaction —based assays.'° Therefore 
appropriate measures must be taken to avoid this prob- 
lem, and negative controls should always be used in 
amplification protocols.'* Moreover, analysis of paired 
maternal samples will preclude the possibility of false- 
positive results resulting from cross-contamination with 
viral particles in maternal blood. 

We also found that the sensitivity of the assay de- 
creased in the presence of lysed whole blood. This is 
not entirely unexpected and is most likely the result of 
inhibition of the Tag polymerase enzyme by heme pres- 
ent in the sample. Alternatively, it could also be caused 
by some nonspecific binding of the oligonucleotide 
primer sequences to human genomic DNA possessing 
some homologic sequence because the effect was also 
noted in the dot blots. In the polymerase chain reaction 
amplification process nonspecific binding would result 
in a reduction of primer/template ratio, which would 
in turn affect amplification efficiency.'? However, the 
sensitivity of the assay, even in the presence of blood, 
is at the level of about 100,000 viral particles. Moreover, 
the use of radioactive nucleotides in the polymerase 
chain reaction would result in even greater sensitivity, 
as would increases in the number of amplification cy- 
cles, without affecting specificity. 

In our study we have demonstrated that parvovirus 
B19 DNA can be detected in amniotic fuid and fetal 
blood samples obtained in a prenatal diagnostic setting 


with enzymatic DNA amplification. This technique rep- 
resents an extremely sensitive detection method that is 
especially useful when small sample size limits diag- 
nostic techniques. Itis also more rapid than viral culture 
for diagnosis, requiring only a few hours to perform. 
Morever, in applying this technique to a group of clinic 
patients we found that some gestations with signs of 
nonimmune fetal hydrops have definitive evidence of 
parvovirus B19 infection. 

The basic pathogenesis of fetal hydrops is thought 
to be that of cardiovascular failure as precipitated by 
anemia, myocardial dysfunction, vascular shunts, and 
other alterations in cardiovascular dynamics.’ In the 
case of parvovirus B19 infection, anemia or direct cy- 
topathic effects on fetal organs, including the myocar- 
dium, have both been postulated to be responsible for 
the fetal hydrops.” In the cases reported here anemia 
was noted in the fetal blood samples, a finding that is 
consistent with other reports of fetal infection with par- 
vovirus B19 but is not an invariable finding in all cases.” 
On the basis of the limited number of cases in this series 
we cannot speculate on the true incidence of anemia 
associated with human parvovirus B19 in fetuses ini- 
tially seen with nonimmune hydrops. Neither can we 
be certain that the pathogenesis of the hydrops was in 
fact caused only by the anemia. The presence of de- 
tectable parvovirus in the myocardium of one case com- 
bined with relatively mild anemia in another suggests 
that more than erythroid cell destruction may contrib- 
ute to the fetal hydrops; this has also been suggested 
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in other studies of fetal parvovirus B19 infections.’° 
Most important, however, the variable outcomes of the 
pregnancies seen in our study indicate that many ad- 
ditional questions regarding the association of human 
parvovirus B19 infection and nonimmune hydrops re- 
main to be answered. In our series we noted a live-born 
infant without obvious sequelae after an in utero in- 
fection. Thus our case of a documented fetal viremia 
and hydrops that spontaneously resolved adds to those 
cases reported by others of apparently normal out- 
comes in some fetuses after in utero parvovirus B19 
infections.'* However, in our case a sudden infant death 
without a definitive cause of death is disturbing and 
might be related to early and apparently persistent 
chronic infection. This case emphasizes that much is 
yet to be learned about the pathologic make-up of par- 
vovirus infection and its long-term effects on fetuses 


that have viremia in utero. In sum, on the basis of the |. 


data presented here we believe that the simplicity of 
this diagnostic method presents clinicians with an im- 
portant tool for evaluation of nonimmune fetal hy- 
drops. When applied to larger clinical studies this 
method will be an important tocl in understanding the 
natural history of parvovirus B19 infection occurring 
in pregnancy. 
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Angina and normal coronary arteries in women: 


Gynecologic findings 


Philip M. Sarrel, MD*, David Lindsay, MA,’ Giuseppe M.C. Rosano, MD‘, and 


Philip A. Poole-Wilson, MD‘ 
New Haven, Connecticut, and London, England 


OBJECTIVES: Our aim was to evaluate the hypotheses that women with severe angina and normal 
coronary arteries (syndrome X) have an increased incidence of hysterectomy and show a positive cardiac 


response to 178-estradio!l replacement therapy. 


STUDY DESIGN: The gynecologic histories of 30 women with syndrome X were determined. Anginal and 
17B-estradiol insufficiency symptoms were recorded daily for 1 month. Subsequently, 20 of the women 
underwent hyperemic response testing before and after 2 months of estrogen replacement therapy. 
Hyperemic response results were compared with those of 12 asymptomatic post-menopausal women not 
receiving estrogen replacement therapy. Symptoms were recorded daily during estrogen replacement 


therapy. 


RESULTS: A total of 18 women (60%) underwent hysterectomy. All were experiencing hot flushes. 
Hyperemic response was diminished in women with syndrome X compared with controls. Hyperemic 
response increased and anginal symptoms decreased during estrogen replacement therapy. 
CONCLUSION: The incidence of hysterectomy was increased and estrogen replacement therapy 
alleviated cardiac symptoms and enhanced hyperemic response in a group of women with syndrome X. 


(Am J Opstet GYNECOL 1992;167:467-72.) 


Key words: Angina, estrogen, hysterectomy, vasodilatory reserve, syndrome X 


Women with severe angina, exercise electrocardio- 
gram changes suggesting ischemia, and normal coro- 
nary arteries (referred to as syndrome X or microvas- 
cular angina) present a challenging medical problem. 
These patients have an excellent prognosis with regard 
to myocardial infarction and cardiovascular mortality.’ 
Nevertheless, existing cardiovascular medications are 
frequently ineffective in relieving pain, and follow-up 
studies indicate that many patients have significant lim- 
itation of daily activities because of pain.’ Patients with 
this condition have shown a diminished hyperemic re- 
sponse, suggesting the chest pain to be a manifestation 
of a more widespread vascular disorder.’ 

One of the earliest observations about angina in 
women was made by Sir William Osler,* who in 1892 
pointed out that anginal pain without coronary artery 
disease was more common in women than in men, car- 
ried a good prognosis, and was characterized by dis- 
comfort that was often long-lasting. LaCroix et al.,* in 
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a recent national study reported by the Epidemiology 
Branch of the National Institutes of Health, found 
among white women aged 25 to 54 years that diagnosed 
angina occurs twice as often as it does among age- 
matched white men. In spite of the clinical diagnosis 
of angina pectoris, >50% of women undergoing cor- 
onary angicgraphy have normal coronary arteries com- 
pared to <10% of men.® For these women an etiologic 
explanation for the chest pain remains elusive 
and a variety of noncardiac causes have been postu- 
lated. 

Angina pectoris in women is frequently associated 
with other conditions of vascular disorder. These in- 
clude hot flushes,’ Raynaud’s phenomenon,®*"* and mi- 
graine.'' In the study of LaCroix et al. 20.5% of the 
women with angina also experienced severe dyspnea, 
“|. . requiring the subject to stop for breath when walk- 
ing on level ground.”® In contrast, only 4.5% of the 
men in the same age group experienced severe dys- 
pnea. Kronenberg’ reported that 16% of 438 peri- 
menopausal and postmenopausal women experienced 
significant chest pressure and 28% experienced cranial 
pressure when hot flushes occurred. Among women 
with Raynaud’s phenomenon, an increased incidence 
of variant angina and migraine has been reported.” "° 

The association of angina and coronary artery dis- 
ease with loss of evarian function has been described 
in many articles in the medical literature. Wuest et al.” 
reported that women who underwent bilateral oopho- 
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rectomy and did not receive hormone replacement 
therapy showed an increased prevalence of severe ath- 
erosclerotic disease at autopsy, and Robinson et al." 
found that castrated women showed a higher incidence 
of angina as compared with that of controls who had 
not had surgery. Although myccardial infarction and 
cardiovascular disease are most clearly associated with 
bilateral salpingo-oophorectomy,” elevated risks of car- 
diovascular disease have been reported even after sim- 
ple hysterectomy,’ and loss of ovarian hormone pro- 
duction after simple hysterectomy has been suggested 
as an etiologic factor.’® 

The possibility that ovarian insufficiency might be 
associated with syndrome X in women led to a gyne- 
cologic endocrine evaluation of 30 patients with this 
condition. The patients were seen at the Royal Bromp- 
ton and National Heart Hospital in London, where 
their gynecologic histories and signs and symptoms of 
cvarian insufficiency were evaluated. Twenty of these 
women subsequently participated in a pilot study to 
determine whether 178-estradiol treatment would have 
a positive effect on cardiac symptoms and measures of 
cardiovascular function. 


Patients and methods 


Thirty consecutive female patients previously diag- 
nosed with syndrome X were recruited for this study. 
Before our investigations all of the women had been 
evaluated for chest pain by their family physicians and 
at least two consulting cardiologists. These physicians 
had concurred that the nature of the women’s pain fit 
the criteria for a diagnosis of angina pectoris. The 
women were seen in the Cardiac Medicine Clinic of the 
Royal Brompton and National Heart Hospital in Lon- 
don. They were interviewed by a research team con- 
sisting of a cardiologist (DL or GR) and a gynecologist 
(PS). This interview further confirmed the presence of 
angina-type chest pain. In fact, all the women had a 
history of severe angina, a positive exercise test (ST 
segment depression >1 mm during treadmill testing), 
and normal coronary arteries at the time of coronary 
catheterization. The women were receiving a variety of 
cardiac medications including coronary vasodilators, 
calcium channel—blocking agents, B-adrenergic—block- 
ing agents, and cardiac glycosides. The cardiac history 
was reviewed, and as complete an obstetric and gyne- 
cologic history as possible was elicited. A blood sample 
was drawn for determination of serum estradiol and 
follicle-stimulating hormone (FSH) concentrations. 
The control group comprised 11 women without chest 
pain or hot flushes (age 52.6 + 4.5 years, mean + SD). 
The women in the control group were not receiving 
hormone replacement therapy although all were post- 
menopausal, showing estradiol concentrations <25 
pg/ml and FSH levels >40 mIU/ml. The women in 
the control group were not taking any cardiac medi- 
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cations. Patients with a history of hypertension were 
excluded from both groups. 

After informed consent was obtained, all cardiac 
medications were discontinued for at least 1 week ex- 
cept for sublingual glyceryl trinitrates. Glyceryl trini- 
trate treatment was discontinued for a minimum of 24 
hours before the first study visit. The subjects in both 
groups were not allowed to smoke cigarettes or drink 
tea or coffee within 4 hours of the study. Ten of the 
women with syndrome X either were taking or recently 
had been taking hormone replacement therapy. These 
medications were all discontinued for at least 6 weeks 
before the initial hyperemic response was measured. 

The subjects reclined in a semirecumbent position 
on a couch, and blood pressure was recorded from the 
left arm. Hyperemic response was measured with a 
laser Doppler probe applied to the pulp of the right 
middle finger. The room temperature was maintained 
at 70° F. After a period of stabilization, arterial flow in 
the fingertip was determined fcr a 2-minute period. 
Limb blood flow was then occluded for 5 minutes with 
a sphygmomanometer inflated to 200 mm Hg. The 
laser Doppler probe continued to monitor flow through 
the period of occlusion and for 3 minutes after release 
of the cuff pressure. 

All of the women maintained a daily diary for 1 
month, during which they recorded the frequency and 
intensity of chest pain, sleep disturbance, headache, 
anxiety reactions, and depression. A rating scale rang- 
ing from 0 (no symptoms) to 4 (severe symptoms) was 
used. A minimum of a two-level change in a symptom 
(e.g., from 4 to 2) defined a “significant change.” 

At the follow-up visit, 20 of the women diagnosed 
with syndrome X agreed to participate in a 2-month 
trial in which they wore 178-estradiol skin patches (Es- 
traderm TTS) delivering 50 pg/day for the first month 
and 100 wg/day for a second month. The estradiol 
patches were changed twice weekly and were applied 
to the buttocks according to the usual prescription 
guidelines. The women agreed to discontinue cardiac 
medications except for sublingual] nitrates. The diaries 
were maintained throughout this period, and the hy- 
peremic response test was repeated at the end of the 
trial. The 10 women initially evaluated who were not 
included in the estradiol trial were those who were not 
willing to return for repeat visits because of the incon- 
venience of coming to the clinic in London, did not 
wish to receive estrogen treatment, or had return ap- 
pointments after recruitment for the estrogen treat- 
ment study was completed. 


Findings and results 


Hormonal and nonanginal vascular findings are 
summarized in Fig. 1. The mean age of the women was 
52 years (range 46 to 63, SD + 6). Twelve of the women 
had experienced a natural menopause ata mean + SD 
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Fig. 1. Hormone and vascular findings in 30 women with syndrome X. Mean + SD age of women 
was 52 £ 6 years. Average + SD time from hysterectomy to onset of cardiac symptoms was 7.7 + 


5.7 years, 


age of 49.5 + 4 years (range 47 to 55). Eighteen of the 
30 women underwent hysterectomy at an average age 
of 41 years. Sixteen of the 18 hysterectomies were ab- 
dominal procedures, and two women had vaginal hys- 
terectomy for uterine prolapse and urinary inconti- 
nence. We were not able to determine the gynecologic 
diagnoses in many of the women as they themselves 
were unsure. However, it did appear that essentially all 
of the procedures were necessary, with the most fre- 


quent indications being uterine fibromyomas or exces- | 


sive bleeding or both. Nine of the 18 women had ovaries 
removed at the time of surgery. Seventeen of the 30 
women had received hormone replacement therapy at 
some time. However, only 10 of the women were taking 
hormone replacement therapy when first seen in this 
study. Nine of the 10 women using hormones had un- 
dergone hysterectomy, and eight of these women had 
bilateral oophorectomy. Seven women had discontin- 
ued hormone replacement therapy, including four who 
had been given estrogen plus progestin. These four 
women stopped hormone replacement therapy because 
of intolerable chest pain that developed during the time 
they were taking the progestin. 

Angina developed at a mean + SD duration of 
7.7 + 5.7 years after hysterectomy. 

All the women, including those taking hormone re- 
placement therapy, were experiencing hot flushes. In 
five of these women the flushes were mild (level 2), but 
25 women rated the flushes as severe (level 4) in the 
monthly diaries. Sleep was disrupted in all of the 
women, usually because of awakening with hot flushes. 
All the women reported that at least some of their hot 
flushes were accompanied by chest pressure or pain. 
Thirteen of the 30 women had migraine headaches. 

Serum estradiol and FSH concentrations were <25 
pg/ml and >40 mIU/ml, respectively, in all of the 
women, 


Hyperemic response results before 17-estradiol 
treatment in the syndrome X women are compared 
with those of an age-matched, pain-free control group 
in Fig. 2. The ratio of postocclusion blood flow level to 
the preocclusion level was calculated at 20-second in- 
tervals for 2 minutes. It can be seen that the women 
with syndrome X do not show any response above base- 
line (i.e., they do not appear to have a vasodilator 
reserve), whereas the control group shows a sig- 
nificant response over the entire 2 minutes. Cal- 
culation of the ratio of the maximum response level 
to the baseline flow level (MBR) gave a value of 1.08 
for those with syndrome X and 2.3 for the control 
group. 

After esiradiol treatment for 2 months, the MBR of 
the women with syndrome X was 2.07. The posttreat- 
ment MBR is compared with pretreatment and control 
group findings in Fig. 3. Response levels were almost 
doubled after estradiol treatment and approached the 
levels of the control group without angina. 

Nineteen of the 20 women reported marked im- 
provement (a minimum of a two-level decrease in the 
anginal symptom rating) or complete disappearance of 
chest pain. Cessation of hot flushes correlated with de- 
crease or disappearance of chest pain. All of the women 
reported a decrease in the use of glyceryl trinitate tab- 
lets. Unfortunately, the diaries did not include quan- 
tification of glyceryl trinitate usage, and therefore we 
are not able to report the decline in usage with pre- 
cision. 


Comment 


These findings suggest an association between hys- 
terectomy, ovarian insufficiency, and the development 
of syndrome X. The average age of the patients studied 
was 52: in Great Britain, 8% to 12% of women in this 
age group have undergone hysterectomy with or with- 
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Fig. 2. Hyperemic response of 20 women with syndrome X compared with that of 12 control subjects. 
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Fig. 3. MBR of hyperemic response in women with syndrome X before and after treatment with 
17B-estradiol compared with that of control subjects. 


out removal of the ovaries.” In the current series 60% 
had undergone hysterectomy. All of the hysterectomies 
appear to have been indicated procedures. 

Although the evidence in the medical literature re- 
lating hysterectomy to the development of coronary 
artery disease is more clearly associated with bilateral 
salpingo-oophorectomy,' studies indicate that simple 
hysterectomy is also reported to incur an elevated car- 
diovascular risk. As noted, the study of Siddle et al.'s 
implies that the loss of ovarian hormone production 
with simple hysterectomy may be comparable to that 
occurring when the ovaries are removed. In the latter 
instance hormone replacement therapy is more likely 
to be initiated soon after the surgery. Unfortunetely, 
when the ovaries are retained, it can be mistakenly as- 


sumed that normal ovarian function always ensues and ` 


there is no need for hormone replacement therapy. 
Moreover, most patients are lost to follow-up after hys- 
terectomy, since neither gynecologists nor patients be- 
lieve that continuing gynecologic care is necessary. In 


the current series only three women returned to their 
gynecologists for continuing follow-up after their 
scheduled postoperative visits. Nonetheless, most of the 
women with retained ovaries described symptoms of 
ovarian insufficiency to their primary care physicians. 
However, since their ovaries had not been removed, 
their physicians did not attribute the symptoms to ovar- 
ian insufficiency, and only one woman received hor- 
mone replacement therapy. Cardiac symptoms devel- 
oped within 7 years of the hysterectomy. 

Chest pain is not considered a reliable indicator of 
angina pectoris in women.’* The cardiologists involved 
in the characterization of the chest pain in the women 
in our series determined to the best of their abilities 
that the pain was of cardiac origin, and the positive 
results of exercise tests would seem to confirm the 
impression of ischemic disease. The finding of a de- 
creased vasodilatory reserve capacity in the syndrome 
X women compared with tne age-matched control 
women suggests the problem to be due to altered cor- 
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onary hemodynamics in association with pathophysio- 
logic changes other than atherosclerotic plaque for- 
mation. 

All the women showed symptoms of estradiol defi- 
ciency. Twenty-five of 30 were experiencing >20 hot 
flushes each day. Chest pain frequently accompanied 
the hot flushes. Further evidence of a more widespread 
vascular disturbance was seen among 13 (43%) of the 
women who also experienced migraine headaches (Fig. 
1). 

The pretreatment hyperemic response results in the 
syndrome X women indicate diminished vasodilator re- 
serve capacity. This finding confirms the observations 
of others who have concluded that reduced hyperemic 
response in syndrome X indicates the anginal symp- 
toms to be a manifestation of a widespread vascular 
disorder.* The hyperemic response in the forearm to 
the release of arterial occlusion has been extensively 
studied. Sudden increase in blood flow in an artery is 
thought to stimulate the release of endothelial-derived 
relaxing factor (EDRF), and the hyperemic response is 
thought to reflect vasorelaxation induced by EDRF act- 
ing on the vascular smooth muscle.? Our finding of 
increased hyperemic response after 17-estradiol treat- 
ment is consistent with those of others, including Wil- 
lams et al,” who reported that coronary vascular re- 
sponse to acetylcholine stimulation (another EDRF-me- 
diated vasodilator response) in ovariectomized 
monkeys is increased after 17(-estradiol implants. 

Hemodynamic changes reported after treatment 
with 178-estradiol include restoration of vasomotor 
control, increased cardiac output, and decreased vas- 
cular resistance.” Increased hyperemic response cor- 
related in our study with an increased vasodilator re- 
serve as the syndrome X patients showed significant 
improvement in cardiac symptoms. 

Estrogen replacement therapy in postmenopausal 
women has been shown to reduce cardiovascular mor- 
bidity and mortality.” Although effects on lipid metab- 
olism appear to contribute significantly to this cardio- 
protection, the hemodynamic effects of 17B-estradiol 
also appear to be of significance. The current study 
shows an association between signs and symptoms of 
ovarian insufficiency and disturbed vascular function 
in women with syndrome X. The part of the study 
assessing the effects of 17B-estradiol treatment on car- 
diac symptoms and hyperemic response should be con- 
sidered a pilot investigation into a potential mechanism 
through which estrogen treatment provides cardiopro- 
tection. 

This study indicates that estradiol deficiency may in- 
duce pathophysiologic changes contributing to anginal 
symptoms in women diagnosed with syndrome X. The 
high prevalence of hysterectomy and the inadequacy 
of hormone replacement therapy observed in this study 
suggest the need for careful gynecologic endocrine 
evaluation of women presenting with this syndrome. A 
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double-blind, placebo-controlled study of the effects of 
178-estradiol on cardiovascular parameters in women 
with syndrome X should determine which hormcne 
effects account for the improvements seen thus far. 
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Modulation of cell-to-cell coupling between myometrial cells 
of the human uterus during pregnancy 


Nobuyoshi Sakai, MD, PhD, Thomas Tabb, MD, and Robert E. Garfield, PhD 


Galveston, Texas 


OBJECTIVE: The purpose of this study was to investigate changes in cell-to-cell coupling of human 
myometrium during pregnancy to assess the presence and permeability of gap junctions. 

STUDY DESIGN: To evaluate the coupling, input resistance was measured and intercellular spread of 
Lucifer yellow was observed with microelectrode techniques in intact myometrial preparations from four 
nonpregnant wamen, 13 women not in labor, and three women in labor. Octanol, isoproterenol, and 
dibutyryl adenosine 3’,5’-cyclic monophosphate were applied to the preparations to assess their effects on 


ce |-to-cell coupling. 


RESULTS: Input resistance of myometrial cells was decreased (p < 0.001) and intercellular spread of 
Lucifer yellow was increased during pregnancy. Octanol, isoproterenol, and dibutyryl adenosine 3’,5’-cyclic 
monophosphate rapidly and reversibly increased input resistance (p < 0.001 for all these agents) and 


blocked Lucifer yellow spread in tissues from pregnant patients. 


CONCLUSIONS: Cell-to-cell coupling between human myometrial cells is spontaneously improved during 
pregnancy because of the presence of gap junctions. The coupling is rapidly and reversibly decreased by 
ectanol, isoproterenol, and dibutyryl adenosine 3’,5’-cyclic monophosphate as a result of decreased 
permeability of gap junctions. These two methods of modulation of gap junctions are suggested to be 
major mechanisms for control of myometrial contractile activity in the human uterus during pregnancy. (Am 


J OBSTET GYNECOL 1992;167:472-80.) 


Key words: Human myometrium, cell-to-cell coupling, B-adrenergic receptor agents, 


adenosine 3’,5’-cyclic monophosphate, gap junction 


Gap junctions increase between smooth muscle cells 
of myometrium during labor and parturition in rats, 
humans, and other species.’ These specialized cell-to- 
cell contacts are thought to provide intercellular path- 
ways that allow the synchronization of electric and met- 
abolic activities. Therefore the appearance of gap junc- 
tions between smooth muscle cells is thought to result 
in coordinated muscle activity due to better coupling 
between cells. : 

Previous morphologic studies of the human uterus 
have shown that gap junctions were present between 
myometrial cells in high numbers in term women with 
frequent uterine contractions or premature labor,’ 
whereas they were present in very low frequency in 
women with infrequent uterine contractions and absent 
in most tissues from nonpregnant women.® In the myo- 
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metrium of other mammalian species indirect studies 
of cell-to-cell coupling have shown that the muscle cells 
become better coupled when the gap junctions are el- 
evated during labor.”° However, there are no functional 
studies on the human uterus that have adequately de- 
scribed the change in the coupling between myometrial 
cells either during pregnancy or in the nonpregnant 
state. Recent studies have used microelectrode tech- 
niques to evaluate the coupling between myometrial 
cells by measuring input resistance and metabolic cou- 
pling (fluorescent dye injection).’*"' A decrease in input 
resistance and an increase in dye spread between rat 
and guinea pig myometrial cells suggested that the cou- 
pling between muscle cells improved when gap junc- 
tions were increased in the myometrium at term.'*! 

The purpose of this study was to use intracellular 
microelectrode techniques to functionally assess cell-to- 
cell coupling between cells of intact myometrial prep- 
arations from pregnant and nonpregnant women. The 
present study demonstrates that the coupling between 
human myometrial cells is dramatically improved dur- 
ing pregnancy because of the appearance of gap junc- 
tions. Furthermore, this study shows that octanol and 
agents that elevate intracellular adenosine 3’,5'-cyclic 
monophosphate concentration will rapidly and revers- 
ibly lower the coupling presumably through closure of 
the gap junctions. 
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Material and methods 


Tissues were collected for this study from two groups 
of women at term pregnancy. Women in one group 
underwent elective cesarean section (“before labor”), 
and women of the other group sustained cesarean sec- 
tion for cephalopelvic disproportion when the cervical 
dilatation was =5 cm with contraction frequency being 
at least 3 per 10 minutes (“during labor”). Small seg- 


ments (approximately 2 x 2 x 0.5 cm) of pregnant 


myometrium were excised from the superior aspect 
of the lower uterine incision. Similar sizes of myo- 
metrial segments from the fundus of the nonpreg- 
nant uterus were obtained from women who experi- 
enced hysterectomy with no obvious pathologic con- 
dition. This study was approved by the institutional 
review board. Informed consent to remove the tissue 
and participate in the study was obtained from each 
patient. 

Tissue preparation. Strips of tissue were immediately 
placed in physiologic saline solution and stcred at 4° C. 
All experiments were started <3 hours after obtaining 
the tissues. Each tissue was placed in an organ bath 
containing well-aerated (95% oxygen and 5% carbon 
dioxide) Krebs solution and pinned at its resting length. 
The connective tissue surrounding the tissue was care- 
fully removed, and a thin preparation of the myome- 
trium was made with fine curved forceps under a dis- 
secting microscope. The myometrial preparation, ap- 
proximately 1.5 x 1.5 x 0.1 cm, was cut. free and 
pinned at its resting length to a rubber ring cemented 
on the bottom of a 35 mm Petri dish with a glass cov- 
erslip glued under a hole in the center. The dish was 
filed with Tyrode’s solution (composition 135 
mmol/L sodium chloride, 5 mmol/L potassium chlo- 
ride, 1 mmol/L magnesium chloride, 1.8 mmol/L cal- 
cium chloride, 5.6 mmol/L glucose, 10 mmol/L Hepes, 
0.05% gelatin) that was adjusted to pH 7.4 and warmed 
to 37° C. The myometrial preparation was viewed un- 
der an inverted microscope (Ernst Leitz, Wetzlar, Ger- 
many) equipped with a heating stage (37° C) and phase- 
contrast optics. ? 

Electrophysiology. Electrodes were pulled from 1.2 
mm outer diameter capillary tubes (World Precision 
Instrument, New Haven, Conn.) with a horizontal mi- 
cropipette puller (Sutter Instruments, San Francisco). 
A microelectrode filled with 3 mol/L potassium chlo- 
ride (40 to 100 MQ) was connected to an amplifier 
(World Precision Instrument), and electrical currents 
were injected to the electrode by a stimulator (Grass 
Instrument, Quincy, Mass.). Signals were monitored on 
a two-channel digital storage oscilloscope (Nicolet, 
Madison, Wis.). The total resistance of an electrode 
impaled in a cell is determined by the sum of the elec- 
trode resistance and the resistance to current flow out 
of the cell (the cell input resistance). Input resistance 
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Fig. 1. Membrane potentials (representing intracellular neg- 
ative values) measured in smooth muscle cells of myometrial 
preparations from women. Closed circles, Average value from 
impaled cells of preparations obtained from same women 
(four nonpregnant, 13 before labor, and three during labor); 
bars, mean values + SEM obtained by combining all values 
from impaled cells of each group. p Values are analyzed by 
comparing values of membrane potential from impaled cells 
between groups. l 


reflects the combined resistance of the junctional mem- 
brane, the nonjunctional membrane, and the cyto- 
plasm. Nonjunctional membrane is extremely high 
(nonjunctional membrane > > junctional membrane), 
and cytoplasm is nearly 0 Q. Because changes in both 
nonjunctional membrane and cytoplasm under con- 
ditions of these experiments are thought to be very 


small, any alteration in cell coupling resistance is in- 


dicated by a modification in input resistance. During 
impalement of the bridge-balanced electrode into a cell, 
input resistance was determined from the hyperpolar- 
ization of electrical potential elicited by an inward cur- 
rent pulse (0.5 nA, 200 msec/sec) from the stimulator. 
The yalues of membrane potential and input resistance 
were accepted if the electrode potential and resistance 
returned to baseline after removal of the electrode 
from the cell. In the text and figures, values of mem- 
brane potential are shown as absolute values without 
indicating their negative sign. 

Fluorescent dve injection. The injection of Lucifer 
yellow (Sigma Chemical Co., St. Louis) was used to ex- 
amine intercellular diffusion capabilities. A 3% solution 
of Lucifer yellow (Lucifer yellow dissolved in 1% lith- 
jum chloride buffered to pH 7.6 with 10 mmol/L 
Hepes) was back-filled into the microelectrodes (40 to 
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Fig. 2. Input resistances measured in smooth muscle cells of 
myometrial preparations from women. Closed circles, Average 
value from impaled cells of preparations obtained from same 
women; bars, mean values + SEM obtained by combining all 
values from impaled cells of each group. p Values are analyzed 
by comparing values of input resistance from impaled cells 
between groups. 


50 MQ with 3 mol/L potassium chloride) with resistance 
of 150 to 200 MQ. During impalement of the electrode 
into a single cell of a myometrial preparation, dye was 
injected with inward (hyperpolarizing) current pulses 
(5 to 50 nA, 200 msec/sec). The spread of Lucifer yel- 
low from a source cell to neighboring cells was moni- 
tored under the microscope with epifluorescence optics 
(BP 450-490 excitation filter, RKP 510 dichronic mir- 
ror, and LP 515 barrier filter; Ernst Leitz). Lucifer yel- 
low injection was terminated if values of membrane 
potential were markedly depolarized. 

' Drug treatment. All drug applications were’ con- 
ducted by exchanging the Tyrode’s solution surround- 
ing the tissue to the same solution mixed with one of 
the following agents: l-octanol (1.2 mmol/L, Sigma) 
isoproterenol (10-* mol/L, Sigmz), or dibutyryl aden- 
osine 3’,5’-cyclic monophosphate (5 x 1074 mol/L, 
Sigma). Drug application was continued for 15 minutes, 
and then each solution was rapidly replaced twice with 
Tyrode’s solution (washing). 

Statistics. For the electrophysiologic measurements, 
results are mean + SEM obtainec by combining all val- 
ues from impaled cells of preparations for each group. 
A one-way analysis of variance was used for compari- 
sons of values among the nonpregnant group, the 
group before labor, and the group during labor, or 
among control, drug-treated, and washing groups. An 
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unpaired Student ¢ test was used to examine significant 
differences between groups. In some cases, the Mann- 
Whitney U test was used between groups with small 
numbers of samples. A p value <0.05 was considered 
statistically significant 


Results 


Fig. 1 shows values of values of membrane potential 
of smooth muscle cells of human myometrial prepa- 
rations obtained from a nonpregnant and two pregnant 
groups. There were no significant (p = 0.303 by anal- 
ysis of variance differences in values of membrane po- 
tential among preparations from nonpregnant women 
(44.8 + 6.52 mV [number of impaled cells = 25)), 
women before labor (44.4 + 6.76 mV [105]), and 
women during labor (47.3 + 6.86 mV [15]). Fig. 2 
shows the input resistance values of myometrial cells in 
the above-mentioned three groups. There were signif- 
icant (p < 0.001 by analysis of variance) differences in 
input resistance among these three groups. Input re- 
sistance was high in nonpregnant women (42.8 + 8.52 
mQ [25]). However, input resistance was significantly 
(p < 0.001 by Student ¢ test) reduced in women before 
labor (22.3 + 9.06 MQ [105]) and lowest in those dur- 
ing labor (14.8 + 5.45 mQ [15]). The input resistance 
in preparations from women during labor was signif- 
icantly (p < 0.001 by Student ¢ test) decreased com- 
pared with that before labor. 

We applied a gap junction uncoupling agent, octanol, 
to further investigate the relationship between gap 
junctions and input resistance. Application of 1.2 
mmol/L octanol caused an immediate relaxation in all 
myometrial preparations. Electric recordings showed 
that the values of membrane potential remained un- 
changed (nonpregnant p = 0.388, before labor 
p = 0.735, during labor p = 0.975 by analysis of var- 
lance) during octanol application and after washing in 
all groups (Fig. 3). However, input resistance was im- 
mediately (approximately 60 seconds after application 
of octanol) increased in pregnant groups (40.3 + 7.90 
MQ before labor, 46.0 + 3.04 MQ during labor) to a 
similar high value to that in nonpregnant control prep- 
arations (Fig. 4). At 10 minutes after washing out 
the octanol, input resistance reversibly returned 
(19.8 + 9.64 MO before labor, 14.4 + 1.60 MO during 
labor) to the control value recorded before octanol ap- 
plication in the two pregnant groups. In contrast, the 
already higher inpui resistance in nonpregnant group 
was not significantly (p = 0.962 by analysis of variance) 
changed during octanol application (43.7 + 4.40 MQ) 
or after washing (42.3 + 1.06 MQ). 

Injection of Lucifer yellow into a cell of myometrial 
preparations from women during labor (number of 
injections = 3) showed that the outline of the injected 
cells was illuminated brightly as an elongated spindle 
with the first two- to three-current pulses, and adjacent 
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Fig. 3. Effect of octano] (1.2 mmol/L) on the membrane potential in myometrial preparations from 
nonpregnant and pregnant women. Bars, Mean values + SEM obtained from impaled cells of prep- 


arations in various groups. 


similarly shaped cells gradually became visible within a 
minute after the illumination of the source cell (Fig. 
5, A and B). On the other hand, myometrial prepara- 
tions from nonpregnant women’ showed little or no 
spread of Lucifer yellow between the cells (Fig. 5, C). 
Only the injected source cell was illuminated, and Lu- 
cifer yellow was undetectable in adjacent cells even 
more than 10 minutes after injection, indicating that 
there was no Lucifer yellow transfer in nonpregnant 
myometrium. In the preparations from pregnant 
women before labor (14 cases), most injections (10 
cases) showed good spread of Lucifer yellcw similar to 
those during labor (Fig. 5, D), whereas some (4 cases) 
showed that although Lucifer yellow was detectable in 
adjacent cells, the spread was poorer (Fig. 5, E). In the 
pregnant preparations the result of Lucifer yellow in- 
jection during application of octanol was strikingly dif- 
ferent from that before its application, with a marked 
decrease in transfer noted. As found in the nonpreg- 
nant controls, only the injected cell remained illumi- 
nated without spread to any other adjacent cells, in- 
dicating the Lucifer yellow transfer was blocked by oc- 
tanol application (Fig. 5, F). 

To determine whether elevated intracellular 3’,5’- 
cyclic monophosphate concentration had an influence 
on junctional communication between the myometrial 
cells, the preparations from nonpregnant women or 
pregnant women before labor were examined in the 
presence of 107° mol/L isoproterenol or 5 x 107% 
mol/L dibutyryl adenosine 3’,5’-cyclic monophos- 
phate. In the pregnant group both of these two agents 
significantly (isoproterenol p = 0.007, dibutyryl aden- 
osine 3’,5’-cyclic monophosphate p < 0.001 by Student 
¿ test) hyperpolarized values of membrane potential 


(isoproterenol 52.8 + 4.65 mV, dibutyryl adenosine 
3',5'-cyclic monophosphate 54.6 + 8.26 mV) from the 
control value (Fig. 6). These hyperpolarized values of 
membrane potential values rapidly returned to the con- 
trol values after washing (isoproterenol 38.8 + 3.46 
mV, dibutyryl adenosine 3’,5’-cyclic monophosphate 
44.3 + 5.69 mV). In contrast, values of membrane po- 
tential in nonpregnant group was not significantly (iso- 
proterenol p = 0.937, dibutyryl adenosine 3’,5'-cyclic 
monophosphate p = 0.697 by analysis of variance) 
changed during isoproterenol (45.9 + 3.0] mV) or di- 
butyryl adenosine 3’,5'-cyclic monophosphate (43.2 + 
6.26 mV) application and after washing. Input resis- 
tance of myometrial cells of the pregnant group was 
significantly (isoproterenol p < 0.001, dibutyryl aden- 
osine 3’,5'-cyclic monophosphate p < 0.001 by Student 
t test) increased by application of either of these two 
agents (isoproterenol 42.9 + 7.17 MQ, dibutyryl aden- 
osine 3’,5’-cyclic monophosphate 39.7 + 6.78 MQ) 
(Fig. 7). These high input resistance values returned 
to control values after washing. However, the already 
high input resistance of the nonpregnant group was 
not significantly (isoproterenol p = 0.931, dibutyryl 
adenosine 3',5’-cyclic monophosphate p = 0.666 by 
analysis of variance) changed either during isoproter- 
enol (42.8 + 5.21 MQ) or dibutyryl adenosine 3’,5’- 
cyclic monophosphate (39.5 + 2.12 MQ) application 
and after washing. Therefore the effects of these two 
agents on input resistance (i.e., electric coupling), only 
found in pregnant but not in nonpregnant groups, are 
similar to those of octanol. Again, Lucifer yellow trans- 
fer between the pregnant myometrial cells was blocked 
by application of either of these agents (data not 
shown). 
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Fig. 4. Effect of octanol on the input resistance in myometrial preparations from nonpregnant and 
pregnant women. Bars, Mean values + SEM obtained from impaled cells. 


Comment 


Direct measurement of the electric resistance (input 
resistance) between human myometrial cells shows 2 
large decrease during pregnancy and a further de- 
crease after the onset of labor. Intracellular injectior 
of the fluorescent molecule Lucifer yellow demon- 
strates rapid and extensive spread trom an injected cell 
to neighboring cells in the myometrial tissues from 
pregnant women but not in those from nonpregnan: 
women. Moreover, octanol, isoproterenol, and dibu- 
tyryl adenosine 3',5’-cyclic monophosphate indicate the 
rapid and reversible decrease in input resistance and 
Lucifer yellow transfer with changes requiring seconds 
to minutes. These results provide evidence that electriz 
and metabolic coupling between human myometrial 
cells is dramatically increased during pregnancy, reach- 
ing a maximum at term during labor, and that this 
coupling is rapidly and reversibly decreased after spe- 
cific forms of drug treatment. These results suggest two 
modes of modulation of gap junction coupling between 
smooth muscle cells of human myometrium during 
pregnancy, one regulating their presence and the other 
their permeability. 

In rats and guinea pigs, morphologic studies have 
shown that gap Junctions increased in number and size 
between myometrial cells at parturition, although 
somewhat higher numbers were present before par- 
turition in the latter species."** On the other hand, 
recent studies of determination of input resistance and 
Lucifer yellow spread have demonstrated that electric 
and metabolic coupling was improved between myo- 
metrial cells in these species during periods of term 
labor.'*? In both species, because the improvement of 
the coupling was well correlated with development of 


gap junctions, it was concluded that the site of coupling 
and low electric resistance was the gap junctions and 
that the alteration in the coupling was based on the 
change in number of gap junctions between myometrial 
cells. 

This study evaluated the change In gap junction 
number by showing the difference in electric and met- 
abolic coupling between myometria from nonpregnant ` 
and pregnant women. The improved cell-to-cell cou- 
pling observed in pregnant groups provides evidence 
that gap junctions increase in myometrium from 
women undergoing cesarean section, although gap 
junction profiles in women during early pregnancy and 
normal, spontaneous vaginal delivery are not known. 
Furthermore, myometrial cells were found to be rela- 
tively well coupled in pregnant women even before 
labor, suggesting that the number of gap junction in 
pregnant human myometrium are already numerous 
before labor. This pattern of change in gap junction 
number is similar to that in guinea pigs and sheep* * 
but appear to be different from that in rats, where gap 
junctions increased dramatically about 24 to 36 hours 
before the onset of labor.''? The different patterns of 
change in structural coupling may be dependent on the 
changing hormonal environment in each species. 

Because gap junctions are thought to provide a path- 
way for the flow of electrolytes and small molecules 
between cells,’* the appearance of gap junctions would 
promote electrical and contractile synchrony in the 
myometrium, resulting in coordinated contractions of 
the uterus. Therefore their appearance between myo- 
metrial cells in human preceding or during labor is 
necessary for the generation of powerful contractions 
of the uterus and termination of pregnancy. 
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Fig. 5. Fluorescence photomicrographs after injecting the fluorescent probe Lucifer yellow into cells 


in myometrial preparations from women. Scale bar (in F) represents 100 wm. All six figures (A to 
F) are same magnification. A, Two minutes after injection of Lucifer yellow into cell in tissue from 
woman during labor. Lucifer yellow fluorescence is visible in several neighboring cells. B, Phase- 
contrast photomicrograph of field in A. C, Five minutes after injection of Lucifer yellow into cell 
in tissue from nonpregnant woman. Only injected cell is illuminated, and Lucifer yellow is unde- 
tectable in adjacent cells. D, Three minutes after injection of Lucifer yellow into cell in tissue from 
woman before labor. As found in tissue from woman during labor (A), Lucifer yellow spreads well 
to neighboring cells. E, Five minutes after injection of Lucifer yellow into cell in tissue from anothe1 
woman before labor. Lucifer yellow is detectable in adjacent cells, but spread of Lucifer yellow 
is poorer than that found in D. F, Ten minutes after injection of Lucifer yellow into cell in 1.2 
mmol/L octanol-applied tissue from woman during labor. Microelectrode was removed from cell at 


5 minutes after injection. Lucifer yellow is detectable in only injected cell. 
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Fig. 6. Effect of isoproterenol (107° mol/L) or dibutyryl adenosine 3’,5'-cyclic monophosphate 
(5 x 1074 mol/L) on the membrane potential in myometrial preparations from nonpregnant and 
pregnant women. Bars, Mean values + SEM from impaled cells. 


Not only is the presence of gap junctions necessary 
for cell-to-cell coupling, but openness of the channels 
is also required for electrolytes and metabolites to pass 
between myometrial cells. Experimentally, cell-to-cell 
coupling can be reversibly changed by the alteration of 
permeability of gap junctions, according to changes in 
intracellular Ca®*, intracellular pH, intracellular 3',5’- 
cyclic monophosphate, and many pharmacologic 
agents such as long-chain alcohols.'*" Opened (func- 
tionally well-coupled) gap junctions would be expected 
to promote greater electrical and contractile synchrony 
in the myometrium and lead to more forceful and fre- 
quent contractions and more effective labor. Alterna- 
tively, closed (functionally uncoupled) gap junctions 
would reduce the synchrony and lead to ineffective 
labor and a prolongation of pregnancy (i.e., the same 
condition existing in the absence of the junctions). The 
possible significant role of modulation of gap junction 
permeability in the myometrial contractility was ob- 
served in this study after the application of the agents 
(octanol, isoproterenol, and dibutyryl adenosine 3',5’- 
cyclic monophosphate) that close gap junctions (Figs. 
4 and 7). 

Octanol is reported to decrease junctional perme- 
ability by decreasing the pore size of gap junctions, 
thereby resulting in uncoupling between cells.'° This 
study has shown that octanol rapidly (=60 seconds) 
increased input resistance and blocked dye spread after 
application to myometrial preparations from pregnant 
women, where gap junctions are numerous and input 
resistance was initially low before treatment. Further- 
more, input resistance returned to pretreatment values 


immediately after washing out octanol from the prep- 
arations. These quick changes in input resistance at 
both application of and recovery from octanol indicate 
that this alcohol rapidly and reversibly regulates gap 
junction permeability, because such a rapidity cannot 
be explained by changes in gap junction numbers. On 
the other hand, octanol affected neither input resis- 
tance nor dye spread in preparations from nonpreg- 
nant women, indicating that octanol has little effect on 
tissues with no or few gap junctions between cells. 

As found during application, octanol, isoproterenol, 
and dibutyryl adenosine 3’ ,5’-cyclic monophosphate in 
myometrial preparations from pregnant women in- 
creased input resistance and blocked dye spread with 
changes requiring similar time scales. The decreased 
coupling by these agents results from the decrease in 
junctional permeability, because their changes and pre- 
dominant effects on the pregnant tissue are identical 
to those observed during application of octanol (Fig. 4 
vs Fig. 7). Although the sites on which these two agents 
act are different, both of them are well known to elevate 
3’ 5'-cyclic monophosphate in the myometrial celle.” 
This implies that, regardless of the sites, the uniform 
consequence of elevated 3’,5’-cyclic monophosphate 1s 
the reduction in permeability of gap junctions. Similar 
effects of elevated 3',5'-cyclic monophosphate on junc- 
tional permeability has been shown in rat myome- 
trium,” but the mechanisms by which 3’ ,5'-cyclic mono- 
phosphate reduces the permeability of myometrial gap 
junctions is unclear. Recently it has been proposed that 
activation of protein kinase by 3’,5’-cyclic monophos- 
phate with consequent phosphorylation of junctional 
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Fig. 7. Effect of isoproterenol or dibutyryl adenosine 3’,5’-cyclic monophosphate on input resistance 
in myometrial preparations from nonpregnant and pregnant women. Bars, Mean values + SEM 


from impaled cells. 


protein is necessary for the change in gap junction per- 
meability in rat heart and liver,” but the functional 
significance of this remains to be clearly identified. 
Isoproterenol is one of the nonselective B-adrenergic 
receptor agonists. In clinical treatment other 6-adren- 
ergic receptor agonists with fewer side effects (primar- 
ily Bo-adrenoceptor agonists) are most widely used as 
tocolytic drugs.” They are reported to stimulate ade- 
nylate cyclase and thereby indirectly elevate 3’,5'-cyclic 
monophosphate in the myometrial cell.” Therefore 
3',5’-cyclic monophosphate is thought to play an im- 
portant role in the modulation of uterine contractility. 
However, the exact mechanisms by which it inhibits 
spontaneous activity in the myometrium is poorly un- 
derstood and remains controversial. It has been sug- 
gested to reduce intracellular Ca’* concentration either 
by stimulating Ca’* uptake into storage sites** or by 
increasing Ca’* efflux across the plasma membrane.” 
However, the closure of gap junctions could produce 
more profound effects on relaxation than its direct ac- 
tion on Ca?*. Closure of the junctions would prevent 
exitation by inhibiting the spread of action potentials 
and also thereby indirectly inhibit Ca** entry. One of 
the primary sites of action for agents that stimulate 
3’,5'-cyclic monephosphate in myometrial cells may be 
the closure of gap junctions and the promotion of the 
ineffective spread of electrical activity between myo- 
metrial cells. In addition, drugs such as the B-adren- 
ergic receptor agonists hyperpolarize the values of 
membrane potential (Fig. 6), thus further reducing ex- 
citability. However, hyperpolarization is clearly not a 
requirement for decreased excitability, because octanol 


produces uncoupling independent of any change in 
values of membrane potential (Fig. 3). 

We found that spontaneous contractile activity in the 
pregnant myometrial preparations was completely pre- 
vented by application of either octanol, isoproterenol, 
or dibutyryl adenosine 3',5’-cyclic monophosphate. 
The drug-induced quiescence in vitro may be indirect 
evidence that increased permeability of gap junctions 
is necessary for improvement of coupling and propa- 
gation of activity. These data are further interpreted 
to mean that the modulation of junctional permeability 
may be an important mechanism, both physiologically 
and pharmacologically, for regulation of myometrial 
contraction, especially in species where a relatively high 
number of gap junctions exist before labor. The present 
study demonstrates that input resistance in myometrial 
tissues from women before labor is already low and 
indicates that gap junctions exist even before labor. 
However, this low value of input resistance in the non- 
labor group may be an artificially low in vitro. There 
might be some endogenous substance that keeps the 
junctions in the closed configuration until just before 
labor in vivo. This substance may not be present in 
vitro, and thus most gap junctions may be in open state. 

The findings of these studies suggest that cell-to-cell 
coupling between human myometrial cells is regulated 
by both the presence and the permeability of gap junc- 
tions and that these two methods of modulation of GJs 
may be major mechanisms for control of myometrial 
contractile activity in the human uterus during preg- 
nancy. Further studies are needed to clarify the role of 
gap junctions in human labor, especially normal vaginal 
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deliveries, and to assess clinical treatment with excitants 
and inhibitors of uterine contractions in relation to 
modulation of gap junctions. 
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Effects of danazol at the immunologic level in patients with 
adenomyosis, with special reference to autoantibodies: A 


multi-center cooperative study 


Hirotaka Ota, MD; Masahiro Maki, MD, Yoshihiro Shidara, MD,’ Hideya Kodama, MD, 
Hiromu Takahashi, MD,‘ Masaaki Hayakawa, MD, Ryoju Fujimori, MD," 


Toru Kushima, MD; and Koichi Ohtomo, MD: 
Akita, Noshiro, Hachirogata, Omagari, and Yokote, Japan 


OBJECTIVE: We attempted to evaluate the effects of danazol on autoantibodies, in particular, to 
phospholipids, and on the immune system in pacients with adenomyosis. 
STUDY DESIGN: Forty-two patients with adenomyosis who had high titers of autoantibodies were 


randomly chosen, and they received 400 mg/day of danazol for 4 months { 


hysterectomy {n = 20). 


= 22) or underwent 


RESULTS: Among the six autoantibodies we investigated, the incidence of antiphosphatidylinositol 
immunoglobulin G was the highest (42.9%), follcwed by antiphosphatidylglycerol immunoglobulin G 
(38.1%). The autoantibody titers decreased with time and were comparable fo the control values 16 weeks 
after treatment in ‘both groups. Total serum levels of immunoglobulin G and M were high before treatment, 
but immunoglobulin M levels decreased significantly in week 8 during treatment with danazol, whereas C4 


levels increased and C3 levels decreased with danazol. 


CONCLUSION: Danazol has an inhibitory effect on the autoimmunologic response associated with 


adenomyosis. (AM J OBSTET GYNECOL 1992:167:481- -6.) 


Key words: Adenomyosis, endometriosis, autoantibody, autoimmunity, danazol 


Endometriosis is associated with immunologic ab- 
normalities such as increases in the number’ and 
activity? of macrophages in peritoneal fluid and secre- 
tion of cytokines such as interleukin-1 and tumor ne- 
crosis factor by these cells.** In addition, autoantibod- 
ies, in particular, antiphospholipid antibodies, are often 
detected in peripheral blood samples obtained from 
patients with endometriosis.*”’ Antiphospholipid anti- 
bodies, which are found in many patients with endo- 
metriosis, are often detected in patients with autoim- 
mune diseases such as systemic lupus erythematosus’ 
and rheumatoid arthritis.? More recently, autoantibod- 
ies have also been demonstrated in women with re- 
peated spontaneous abortion.’ "! 

Danazol, a drug commonly used for the treatment 
of endometriosis, exerts a direct effect on endometri- 
osis,” reduces autoantibodies, and normalizes the im- 
munologic abnormalities associated with it. In a pre- 
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vious study we reported that autoantibodies, in partic- 
ular, antiphcspholipid antibodies, are also often 
detected in peripheral blood samples obtained from 
patients with adenomyosis.*’ In the current study we 
administered danazol to patients with adenomyosis who 
were positive for autoantibodies to evaluate its effects 
on autoantibodies and the immune system. | 


Material and methods 

Subjects. Fifty-nine patients with adenomyosis di- 
agnosed by bimanual examination, ultrasonograzhy, 
hysteroscopy,'* serum CA 125 levels, or autoantibody 
levels were included in this study. Bimanual examina- 
tion and ultrasonography were performed to ascertain 
the size of the uterus and to detect adenomyoma. In a 
previous study a retrospective analysis revealed that 
93.8% of the patients who underwent hysterectomy and 
in whom the presence of adenomyosis was histologically 
confirmed had elevated levels of autoantibodies 
and/or.CA 125 in peripheral blood.’ Further, hyster- 
oscopy revealed that 31 (77.5%) of the 40 patients with 
adenomyosis had characteristic findings such as a per- 
sistent large glandular ostium and/or network of di- 
lated vessels throughout the menstrual cycle." 

Autoantibody levels were increased in 42 cases that 
were divided into two groups in a randomized fashion: 
22 patients received danazol (400 mg/day) for 16 weeks 
and 20 underwent total hysterectomy (Table I). There 
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Table I. Summary of clinical pararneters in surgery and danazol groups 


Clinical condition of patients with high autoanti- 
body titers 
Adenoymeosis 
Adenoymesis + adenomyoma 
Adenoymasis + endometriosis 
Adenoymosis + adenomyoma + endometriosis 
Diagnosis 
Elevated CA 125 (=50 U/ml) 
Ultrasonography 
Hysteroscopy 
Symptoms 
Dysmenorrhea 
Hypermenorrhea 
Pelvic pain 
Low back pain 
Signs 
Enlarged uterus (=165 gm) 


Table II. Changes in lymphocyte subsets 





Group | CD4*4B4** (%) 

Surgery group 

Before treatment 27.2 + 12.0 14.8 + 6.2 

(n = 10) 

8 wk (n = 7) 26.5 + 5.1 19.6 + 6.2 

16 wk (n = 5) 23.5 + 7.4 15.8 + Ž 
Danazol group 

Before treatment 26.0 + 7.4 19.4 + 4&2 


(n = 11) 


8 wk (n = 10) 95.3 + 3.8 174+6.1 20,1 + 5.2 

16 wk (n = 8) 21.9 + 4.4 18.8 + 6.0 22.7 + 6.0 
Cor.trol group 22.6 + 5.9 178 +58 24.5 26.1 

in = 45) 

+y? = 6.09. 

ty? = 3.86. 

ty? = 12.46, p < 0.1. 

§x* = 6.48. 

Ix? = — 48.54. 

qy? = 6.51. 


were 19 patients with an enlarged uterus (>165 gm) in 
the surgery group and 17 in the danazol group (cal- 
culated from ultrasonography). Postoperative histo- 
logic examinations confirmed the presence of ectopic 
endometrial tissues in the myometrium in all cases from 
the surgery group. The histologic diagnosis of ade- 
nomyosis was based chiefly on the finding of endo- 
metrial islands deep beneath the mucous surface, 
within the myometrium; that is, when the endometrial 
tissue was at least the distance of one high-power field 
below the basal endometrium. The diagnosis of en- 
dometriosis was established by laparoscopy or laparot- 
omy. Sixty-six normal women who had ligation of fal- 
lopian tubes for contraception purposes at laparoscopy 
and who were without adenomyoma or inflammation 
of pelvic tissues served as controls. Women without ad- 
enomyosis and patients with adenomyosis and a history 
of repeated spontaneous abortion, thrombosis, or au- 


CD4*4B4—+|CD11—CD8*t| CD1I*CD8—§ |CDI1I*CD8*| 
(%) (%) (%) (%) 


17.9 + 4.3 


18.2 + 4.2 
19.0 + 4.6 


Surgery group Danazol group 
20 22 
9/20 11/22 
7/20 6/22 
3/20 3/22 
1/20 2/22 

11/20 13/22 
13/20 16/22 
8/11 8/12 
18/20 21/22 
18/20 21/27 
19/20 19/22 
11/20 12/22 
19/20 17/22 





CD4*4B4*/CD11*CD8** 


19.2 + 7.2 49+ 3.7 7.5 + 3.9 
18.3 + 5.8 5.8 + 2.6 5.7 + 3.1 
16.8 + 3.5 6.7 + 2.4 4i + 1.7 
18.0 + 3.5 6.1 + 2:1 6.3 + 3.6 
18.1 + 5.5 h4+ 1.8 5.4 + 2.3 
16.4 + 4.6 58+ 1.3 41+ L.l 
15.9 + 6.5 58+ 2.8 4.9+ 3.1 


toimmune diseases or who were receiving medication 
were excluded. 

Assay methods. Blood samples were collected before 
treatment and 8 and 16 weeks arter operation in one 
group and during treatment in tne danazol group for 
immunologic evaluation. Antibodies to the following 
phospholipids were determined by enzyme-linked im- 
munosorbent assay®’: anticardiolipin immunoglobulin 
(Ig) G and IgM (CL-G and CL-M), anti—phosphatidic 
acid IgG (PA-G), antiphosphatidylinositol IgG (PI-G), 
antiphosphatidylserine IgG (PS-G), and antiphospha- 
tidviglycerol IgG (PG-G). Briefly, 20 g/ml of each 


phospholipid (Sigma Chemical Co., St. Louis) was al- 


lowed .to adsorb after immobilizing protamine sulfate 
(5 ug/ml, Sigma) on microplates. Fiftyfold diluted sera 
were then added and allowed to react with peroxidase- 
labeled antihuman IgG and IgM antibodies (Dako, 
Denmark). After coloration with o-phenylenediamine 
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dihydrochloride (Sigma), reaction was stopped by add- 
ing 100 wl of 2.5 mol/L sulfuric acid and absorbance 
was determined at 490 nm. Standard sera supplied by 
Harris” were used for quantitative determination. IgG 
and IgM levels were expressed in GPL and MPL units 
per milliliter, respectively. Values exceeding mean + 2 
SD of normal were regarded as abnormally high. 

Immunoglobulins (IgG, IgM, and IgA) and com- 
ponents C3 and C4 of complement in serum were de- 
termined by latex agglutination photometric assay.’° 
The fully automatic immunochemical analyzer used to 
process the samples (laser nephelometry, LX-3000; El- 
ken Chemical Co., Ltd., Tokyo) can perform all pro- 
cedures from imputing of parameters to data printout 
completely automatically. However, dilution of the sam- 
ples before the analysis was done manually with a spe- 
cial diluter. Absorbance was determined at 660 nm, 6 
and 33 seconds after the diluted test sera were mixed 
with antiserum (Eiken) in cells for reaction, and the 
difference between the two measurements was calcu- 
lated. Concentrations were calculated from the stan- 
dard curve. 

Lymphocyte subsets were determined by two-color 
flow cytometry.” Monoclonal antibodies CD4-FITC 
(Becton Dickinson Immunocytometry Systems, San 
Jose, Calif}, 4B4-RD1 (Coulter Electronics, Hialeah, 
Fla.), CD11-FITC (Coulter), and CD8-PE (Becton Dick- 
inson) were used to determine lymphocyte subsets with 
a laser flow cytometer (FCM-1D; Nihon Bunko, To- 
kyo): CD4*4B4* (helper T cells), CD4*4B4~ (sup- 
pressor/inducer T cells), CD11~CD8* (cytotoxic 
T cells), CD1I1*CD8~- (natural killer T cells), and 
CD11*CD8* (suppressor T cells). 

Serum CA125 levels were determined with radio- 
immunoassay kits (Centocor, Tokyo). Radioimmuno- 
assay kits for serum estradiol and free testosterone 
levels were purchased from DPC Japan (Tokyo). 

Statistical analyses. The results were expressed as 


mean + SD. Statistical analvses of the immunoglobu- 


lins, complement components, and serum steroid hor- 
mone levels were performed with the one-way analysis 
of variance, and the levels of lymphocyte subsets were 
determined with the Kruskal-Wallis test. Differences 
were regarded as significant if p < 0.05. 


Results 


The incidences of each autoantibody in the control . 


(n = 66) and adenomyosis (n = 42) groups are shown 
in Fig. 1. The incidence of autoantibody in the control 
group ranged between 2.5% and 6.7%; among them, 
that for PA-G was the highest. In the adenomyosis 
group the incidence was highest for PI-G (18 patients, 
42.9%), followed by PG-G (38.1%) and PS-G (31.1%), 
and then by CL-M, PA-G, and CL-G. The number of 
types of autoantibodies per patient was 1 for the ma- 
jority of patients (21 patients, 50.0%), followed by 2 in 
10 patients (23.8%) and 3 in 6 patients (14.3%). 
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[2] ADENOMYOSIS 





50 





Fig. 1. Incidence of different types of autoantibodies in control 
and adenomyosis groups. 


Fig. 2 illustrates the changes in individual autoar ti- 
bodies during medical treatment and after surgery. 
The levels of autoantibodies in the control group were 
as follows: 0.97 + 0.37 GPL U/ml ‘for CL-G, 
1.92 + 1.89 MPL U/ml for CL-M, 1.37 + 0.09 GPL 
U/ml for PA-G, 1.09 + 0.39 GPL U/ml for PI-G, 
0.70 + 0.5] GPL U/ml for PS-G, and 1.25 + 0.13 GPL 
U/ml for PG-G. The overall mean + SD of autoanti- 
bodies in all patients with adenomyosis (surgery and 
danazol groups combined) before treatment was as fol- 
lows: 6.27 + 3.96 GPL U/ml for CL-G, 12.48 + 5.07 
MPL U/ml for CL-M, 8.42 + 7.37 GPL U/ml for PA- 
G, 5.85 + 2.55 GPL U/ml for PI-G, 9.71 + 8.56 GPL 
U/ml for PS-G, and 4.48 + 0.67 GPL U/ml for PG-G. 
All values had decreased at week 8 of treatment in beth 
groups and were very close to control values by week 
16. At week 8 the number of patients with high titers 
of autoantibodies was 12 in each group, that is, 60.C% 
in the surgery group and 54.5% in the danazol group 
(Fig. 3). At week 16 it had decreased to 6 (30.0%) in 
the surgery group and only 3 (13.6%) in the danazol 
group. The number of patients with high titers of 
autoantibodies thus markedly decreased with time. 

Table II shows the changes in lymphocytes subsets 
observed after treatment. Levels of helper T cells, 
which were higher than the upper control limit before 
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Fig. 2. Changes in autoantibodies (mean + 2 SD) in surgery (O) and danazol (@) groups. Shadowed 


area indicates control range. 


Table III. Changes in immunoglobulin and complement component levels 


Group 
Surgery group 


Before treatment 1543 + 270* 225 + 85+ 

OY) 

8 wk (n = 7) 1633 + 159 283 + 12948§ 

16 wk (n = 6) 1613 + 173 283 + 164 
Danazol group 

Before treatment 1322 + 244] 224 + GIF 

(n = 16) 

8 wk (n = 14) 1276 + 309 191 + 62*ł 

16 wk (n = 115 1312 + 262 184 + 75 
Control group 154 + 58 


1177 + 224 
(n = 66) 


*h < 0.05 (vs control). 

to < 0.00] (vs control). 

tp < 0.05 (vs pretreatment value). 
$p < 0.001 (vs pretreatment value). 
|b < 0.01 (vs control). 

{p < 0.01 (vs pretreatment value). 
#p < 0.02 (vs control). 


treatment in both groups, tended to decrease; however, 
the difference at week 16 was not significant. In con- 
trast, suppressor T cells, which showed slightly low val- 
ues compared with control before treatment, tended to 
increase with time. The helper/suppressor T-cell ratio 
decreased linearly to values that were slightly lower 
than those of the control population. Cytotoxic, sup- 
pressor/ inducer, and natural killer T cells remained 
almost unchanged in both groups. 

Table III shows changes in values of immunoglobulin 
and complement components C3 and C4 after treat- 
ment. Pretreatment IgG levels were significantly higher 
in the surgery and danazol grouns than in the control 
group (p < 0.05 and p < 0.01). However, no apparent 


IgG (mai dl) IgM (mg/dl) IgA (mg/dl) C3 (ng/ dl) 


C4 {mgi dl) 


255+ 9] 9? + 1] 95+ 4 
236 + 74 76 + 17 23 + 8 
245 + 8I 89 + 9* 26 + 3 
-253 + 79 76 + 12 26+ 8 
218 + 70 66 + 6TY 31 + 6# 
216 + 65 69 + 5 31 + 8# 
208 + 82 80 + 13 D5 ik] 


change was seen after treatment in either group. Pre- 
treatment IgM values were also significantly higher in 
both groups than in the control (p < 0.001). In the 
danazol group at week 8 these values had significantly 
decreased as compared with pretreatment values 
(p < 0.05) and were almost at control levels at week 16. 
IgA values were close to the control upper limit before 
treatment in both groups. Slight decreases were seen 
after treatment in both groups. 

C3 levels were comparable to those in the controls in 
both groups before treatment. In the danazol group 
they had significantly decreased compared with the 
pretreatment values at week 8 (p < 0.01). C4 levels 
were also comparable to those in the controls in both 
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Fig. 3. Percentage of patients with high titers of autoantibody 
in surgery (O) and danazol (@) groups. Figures in parentheses 
indicate number of patients. 


groups before treatment. However, in contrast to C3 
levels, C4 significantly increased compared with the 
control values at weeks 8 and 16 in the danazol group 
(p < 0.001). 

Serum estradiol and free testosterone levels were 
32 + 16 and 1.1 + 0.9 pg/ml, respectively, in the con- 
trol group (Table IV). Estradiol levels tended to de- 
crease during treatment with danazol, but the differ- 
ence was not significant. In contrast, free testosterone 
levels markedly increased during treatment, showing 
31- and 34-fold increases over pretreatment levels at 
weeks 8 and 16, respectively (p < 0.001). 


Comment 


Endometriosis 1s associated with immunologic ab- 
normalities, and high titers of autoantibodies have of- 
ten been detected in serum obtained from patients with 
this condition,®’ suggesting that an autoimmune pro- 
cess is involved in endometriosis. El-Roeiy et al. ad- 
ministered danazol to patients with endometriosis and 
high autoantibody titers and observed a decrease of 
autoantibodies and immunologic improvement with 
time during treatment. In a previous study we reported 
that high titers of autoantibodies were detected in pa- 
tients with adenomyosis as often as in those with en- 
dometriosis.* ’ In this study in patients with adeno- 
myosis we show that autoantibody levels decreased with 
time during treatment and reached almost control val- 
ues after 16 weeks of treatment. This effect of danazol 
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Table IV. Changes in serum estradiol and free 
testosterone levels 


Estradiol Testosterone 
Group (pg/ml) (pg/ml) 
Control group 32 + 16 1.1 + 0.9 
(n = 14) 
Danazol group 
Before treatment S32 47 1.0 + 1.0 
(n = 17) 
8 wk (n = 12) 23 + 14 30.5 + 11.1* 
16 wk ín = 10) 26 7 33.8 + 12.0% 


*p < 0.001 (vs pretreatment value). 


is similar to that reported in patients with endome- 
triosis."° 

Findings obtained in the current study show that dan- 
azol has an effect on immunoglobulin concentrations, 
which were higher before treatment in patients with 
adenomyosis than in the controls. According to El- 
Roeiy et al.,’* IgG and IgM levels are higher in au- 
toantibody-positive patients with endometriosis than in 
those who are autoantibody negative. In the current 
study IgG and IgM levels tended to increase in the 
surgery group: in particular, increases in IgM levels 
were statistically significant compared with pretreat- 
ment values, 8 weeks after surgery. In contrast, im- 
munoglobulin levels decreased after treatment in the 
danazol group. Especially, decreases in IgM levels were 
Statistically significant compared with pretreatment val- 
ues at week 8 during treatment. These findings cor- 
roborate in part those of El-Roeiy et al. and indicate 
that danazol inhibits the production of immunoglob- 
ulins. | 

Only a few studies have been conducted on the effect 
of danazol on complement components in endometri- 
osis. According to Agnello et al.,’? C4 levels had in- 
creased in a patient with systemic lupus erythematosus 
during treatment with danazol. In the current study 
serum C3 and C4 levels responded differently to dan- 
azol therapy, with C3 levels decreasing significantly at 
week 8 during treatment compared with pretreatment 
levels and C4 levels increasing during treatment. In- 
creases in C4 levels were not significant compared with 
pretreatment levels but were significant compared with 
controls. There are reports that C3 levels decrease in 
patients with autoimmune hemolytic anemia” and in- 
crease in those with hereditary angioedema” during 
treatment with danazol. Danazol has already been 
shown to affect immunocytes.* * C3 and C4 are pro- 
duced by hepatocytes and immunocompetent cells such 
as monocytes and macrophages.” The fact that these 
complement components were affected differently by 
danazol in the current study suggests that danazol may 
act differently on those cells. 

The fact that immunocompetent cells are under the 
influence of various hormones, in particular, steroid 
hormones, has been reported.” In fact, steroid 
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hormones such as estrogen, androgen,” and 
glucocorticoids”* have direct effects on T cells in vitro. 
In addition, estrogen increases helper T-cell activity 
and decreases suppressor T-cell activity*® while andro- 
gen increases suppressor T-cell activity. These sex ste- 
roids also have direct effects on B cells,” In the current 
study estradiol levels decreased slightly on administra- 
tion of danazol, while free testosterone levels markedly 
increased. However, the helper/suppressor T-cell ratio 
tended to normalize. Therefore it is uncertain if the 
changes in sex steroids may have affected the lympho- 
cyte subsets. 

It would be very interesting to know the mechanisms 
by which danazol affects the autoimmune response in 
patients with adenomyosis. The putative mechanisms 


of action of danazol include a direct effect on endo- ` 


metriosis tissues in addition to inhibitory effects on the 
hypothalamus, pituitarv, and ovaries," *! resulting in 
regression of the endometriotic lesions. IgG and com- 
plement components C3 and C4 are very often depos- 
ited in ectopic endometriosis tissues in the tunica mus- 
cularis in patients with adenomyosis,” a finding that 
suggests that strong local immunologic reactions take 
place in these patients. It is therefore tempting to sav 
that danazol might also have a direct inhibitory effect 
on the local immune response in patients with endo- 
metriosis and adenomyosis. Further studies on the 
mechanisms by which danazol affects the immune re- 
sponse are needed to provide an answer to these ques- 
tions. 
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Serial measurements of platelet angiotensin IJ binding in two 
patients with hypertension in pregnancy: Case reports 


Philip N. Baker, DM, and Fiona Broughton Pipkin, DPhil 


Nottingham, England 


Serial estimations of platelet angiotensin I] binding were made in two patients with hypertension 
developing in the third trimester of pregnancy. The fall in platelet angiotensin 1] binding that is seen in 
normotensive pregnancy did not occur in these two patients. (AM J OssTeT GYNECOL 1992;167:487-8.) 


Key words: Angiotensin II, platelet membrane glycoproteins, pregnancy toxemia, 


renin-angiotensin system 


Two patients were recruited to a longitudinal study 
(n = 30) of platelet angiotensin II binding in normo- 
tensive pregnancy. In one of these patients platelet an- 
giotensin II binding was measured before conception. 
Hypertension developed subsequently, and thus they 
were excluded from the original study. Neither woman 
was known to have renal, metabolic, or cardiovascular 
disease. Both patients were receiving unrestricted so- 
dium intake and on recruitment to the study had nor- 
mal serum urea, creatinine, and electrolyte values. In 
both patients serial platelet counts and plasma creati- 
nine and urate levels were measured, with serial esti- 
mations of platelet angiotensin II binding and plasma 
angiotensin II concentration being performed, as pre- 
viously described.’ 


Case reports 


Case 1. A 28-year-old normotensive nulliparous 
woman was initially studied on day 6 of the menstrual 
cycle. She conceived 3 months later and was then stud- 
ied at intervals during her pregnancy. She remained 
normotensive (diastolic blood pressure <80 mm Hg, 
Korotkoff phase 4) until 32 weeks’ gestation, when a 
blood pressure recording of 140/95 (Korotkoff phase 
4) mm Hg was noted. The blood pressure subsequently 
stabilized; however, at 37 weeks’ gestation it was re- 
corded as 145/100 (Korotkoff phase 4) mm Hg and 
proteinuria (2+) was noted on dipstick testing for the 
first time. After hospital admission, the blood pressure 
remained elevated and significant proteinuria was con- 
firmed (0.63 gm per 24-hour specimen). Labor was 
induced. Eight hours after artificial rupture of mem- 
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branes and commencement of oxytocin infusion, the 
cervix remained only 2 cm dilated. A cesarean section 


was performed and a male infant weighing 2.64 kg was 


delivered. She recovered well postoperatively, and at 
12 weeks post partum she was normotensive, with no 
proteinuria on dipstick testing (<0.1 gm per 24-hour 
specimen). 

Case 2. A 26-year-old primiparous woman was ini- 
tially studied at 11 weeks’ gestation, at which time the 
blood pressure was 110/65 (Korotkoff phase 4) mm 
Hg. She remained normotensive (diastolic blood pres- 
sure <80 [Korotkoff phase 4] mm Hg) until 38 weeks’ 
gestation, when the blood pressure was recorded as 
140/100 (Korotkoff phase 4) mm Hg. No proteinuria 
was present. At 36 hours after hospital admission, the 
blood pressure remained elevated, and she went into 
spontaneous labor. A male infant weighing 3.02 kg was 
delivered vaginally. At 12 weeks post partum the blood 
pressure was 120/60 (Korotkoff phase 4) mm Hg. 

Fig. 1 illustrates the serial values of platelet angio- 
tensin IJ binding in both patients, for comparison with 
the median values that were found in a longitudinal 
study of normotensive pregnancy.’ When the serial es- 
timations of platelet count, plasma urate and creatinine 
concentrations, and plasma angiotensin II concentra- 
tion were considered, no value of either patient was 
outside the interquartile range established for nor- 
motensive pregnancy.’ 


Comment 


In normotensive pregnancy there is a diminution in 
platelet angiotensin II binding, with a significant re- 
duction being apparent by the first trimester, which 
parallels the pregnancy-induced decrease in pressor re- 
sponsiveness to infused angiotensin II.’ In women with 
established hypertension in pregnancy, the increased 
levels of platelet angiotensin II binding, in comparison 
with levels in normotensive primigravid women, also 
parallels the increased angiotensin II pressor respon- 
siveness found in hypertension in pregnancy.” 
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Fig. 1. Platelet angiotensin HH binding i in two patients in whom hypertension developed in pregnancy. 
Median values of piele! angiotensin II binding determined from a longitudinal study of normo- 


tensive pregnancy’ are also shown. 


The results from the two cases described support the 
hypothesis that the elevated levels of platelet angio- 
tensin II binding in women with hypertension in preg- 
nancy, as compared with those in normotensive pri- 
migravid women, are not due to ar increase in binding 
toward the end of pregnancy in hypertensive patients 
but instead are due to absence of the early pregnancy 
decrease in platelet angiotensin II binding found ir. 
normotensive pregnancy. The use of platelet angio- 
tensin II binding as a less invasive alternative to the 
angiotensin II sensitivity test in screening for hyper- 
tension in pregnancy has previously been suggested." 
If the hypothesis above is correct, it should be possible 
to identify patients at risk of hypertension as early as 
the antenatal clinic booking visit. 

Down-regulation by plasma angiotensin II concen- 


1 
t 
a 


tration has been suggested as a mechanism controlling 
platelet angiotensin II binding in normotensive preg- 
nancy.’ The results of these two cases, in which platelet 
angiotensin II binding appeared to be unrelated to 
plasma angiotensin IJ concentration, suggest that a 
more complex mechanism regulates platelet angio- 
tensin II binding in pregnancies complicated by hy- 
perterision. 
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Ifosfamide alone and in combination in the treatment of 
refractory malignant gestational trophoblastic disease 


Gregory P. Sutton, MD,» John T. Soper, MD,” John A. Blessing, PhD, 


Kenneth D. Hatch, MD,’ and Danny R. Barnhill, MD* 
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Washington, D.C. 


OBJECTIVE: We attempted to evaluate the use of ifosfamide either alone or in combination in patients 


with refractory malignant gestational trophoblastic disease. 


STUDY DESIGN: Our study comprised, in part, a phase II multiinstitutional trial of ifosfamide in refractory 
gynecologic malignancies and, in part, a review of institutional experience with ifosfamide in combination 


chemotherapy. 


RESULTS: Single-agent ifosfamide produced a significant response in titer in one of two patients with 
refractory choriocarcinoma. Ifosfamide with etoposide and cisplatin (also known as VIP) resulted in 
significant response in human chorionic gonadotropin titers in three patients with highly refractory 
metastatic gestational trophoblastic disease and one cure in this group of patients. 

CONCLUSION: ifosfamide has activity in refractory choriocarcinoma and, when combined with etoposide 
and cisplatin (VIP), may be curative. (Am J Osster GynecoL. 1992;167:489-95.) 


Key words: Ifosfamide, refractory gestational trophoblastic disease 


Metastatic gestational trophoblastic disease that car- 
ries a poor prognosis is cured in approximately 80% of 
patients receiving chemotherapy with drug combina- 
tions such as MAC (methotrexate, dactinomycin, and 
chlorambucil)’ or EMACO (etoposide, methotrexate, 
dactinomycin, cyclophosphamide, and vincristine).? 
However, the development of drug resistance still ac- 
counts for a large proportion of the deaths from this 
illness.” 

Ifosfamide, a congener of cyclophosphamide, has a 
broad spectrum of activity against tumors such as ovar- 
ian and cervical carcinomas and uterine sarcomas. Pro- 
hibitive urothelial toxicity requires the concurrent ad- 
ministration of mercaptoethane sodium sulfonate 
(mesna). In 1989, ifosfamide and mesna received Food 
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and Drug Administration approval for use in refractcry 
testicular carcinoma. This approval was based mainly 
on the work of Loehrer et al.* who reported sustained 
remissions in 7 of 48 men with such malignancies after 
treatment with etoposide, ifosfamide, and cisplatin (a_so 
known as VIP). 

In a Gynecologic Oncology Group phase II study of 
ifosfamide, highly resistant malignant trophoblastic dis- 
ease was treated in two patients. A favorable response 
in one of these patients led to the use of VIP in three 
additional women with refractory trophoblastic disease. - 
These four cases are summarized here and in Figs. 1 
through 4. 


Case reports 


Case 1. A 27-year-old black woman underwent cra- 
niotomy for evaluation of a mass in March 1986, 5 
months after the delivery of a viable preterm infant. 
Metastatic gestational choriocarcinoma was identifed 
at the time of surgery. Staging studies indicated the 
presence of pulmonary metastases and an elevated se- 
rum human chorionic gonadotropin (hCG) level. She 
received chemotherapy with MAC over the next 8 
months until the level failed to respond. She underwent 
two thoracotomies in December 1986 and a hysterec- 
tomy in January 1987. From this time until January 
1988 she received chemotherapy with cisplatin and eto- 
poside and then with methotrexate, hydroxyurea, vin- 
cristine, cyclophosphamide, and 5-fluorouracil. The 
hCG level rose to 5079 mIU/ml, and computerized 
tomography disclosed multiple new hepatic metastases. 
She received ifosfamide, 1.2 gm/m? intravenously daily 
for 5 days with mesna, 240 mg/m? intravenously im- 
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Fig. .1. hCG level and lesion response to ifosfamide alone in 
case 2. 


mediately and 4 and 8 hours after each ifosfamide dose. 
The white blood cell count fell to 2300/mm? and there 
was no other toxicity, but the hCG level rose to 49,690 
mIU/ml within 4 weeks. This patient died 2 months 
later of respiratory failure. 

Case 2. In a 30-year-old white woman, hemoptysis 
and vaginal bleeding developed about 4 months after 
the delivery of her second child by cesarean section. A 
curettage was done in July 1986 and choriocarcinoma 
was identified. Diffuse nodularity was observed on a 
chest radiograph. She received a single course of MAC, 
and the hCG level rose from 4786 to 7400 mIU/ml. 
She then was treated: with eight courses of dactino- 
mycin, etoposide, and methotrexate. This resulted in 
a fall in the hCG level to a nadir of 83 mIU/ml before 
it rose to 126 mIU/ml. She received two cycles of vin- 
blastine, bleomvcin, and cisplatin in November and De- 
cember of 1986 and had a transient response in hCG. 
She underwent left thoracotomy and resection of pul- 
monary nodules and excision of vaginal metastases and 
then received dactinomycin and etoposide without re- 
sponse. She then received high-dose methotrexate and 
folinic acid without response before being referred for 
ifosfamide therapy. At the outset cf treatment with this 
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agent, the hCG level was 342 mIU/ml and there was a 
3.0 x 3.0 cm nodule in the right lower lung field on 
radiograph. 

She received a total of five courses of ifosfamide and 
mesna. The starting dose of ifosfamide was 1.2 gm/m’, 
but this was escalated to 1.5 gm/m?* because of lack of 
hematologic toxicity. With treatment every 4 weeks, this 
patient had a measurable partia. response in the pul- 
monary nodule and a titer response to 32 mIU/ml be- 
fore brain metastases developed. She died 6 months 
later (Fig. 1). 

Case 3. An 18-year-old black woman, para 2-1-1, un- 
derwent suction curettage in December 1984 for a hy- 
datidiform mole. Before evacuation, the hCG level was 
167,000 mIU/ml. Within 10 weeks the hCG level was 
undetectable; however, in January 1986 the hCG value 
was 52 mIU/ml. Physical and ultrasonographic ex- 
amination of the pelvis, as well as abdominal and cranial 
computerized tomograms, all gave normal results. A 
curettage yielded secretory endometrium, and the uter- 
ine cavity was sounded to 7.5 cm. She received four 
courses of chemotherapy with methotrexate with little 
drop in the hGG level, so dactinomycin and chloram- 
bucil were added. Seven courses of MAC were admin- 
istered, and in August 1986 a 1 cm nodule was noted 
on a chest radiograph. A fine-needle aspiration con- 
firmed the diagnosis of metastatic choriocarcinoma, but 
the patient refused surgical resection of this mass and 
was transiently lost to follow-up. 

In 1987 she received four courses of chemotherapy 
with bleomycin, etoposide, and cisplatin, and the dis- 
ease was believed to be in remission. On June 10, 1988, 
she presented with an hCG levei. of 141,000 mIU/ml 
and a 3 cm left breast mass. Another curettage was 
performed and scanty tissue was obtained. On Aug. 8, 
1988, the breast mass was 7 cm in diameter, and a biopsy 
confirmed the presence of metastatic choriocarcinoma. 
The hCG level was then 926,130 mIU/ML, and a large 
pleural effusion and multiple pulmonary nodules were 
present on a chest radiograph. She was referred to 
Indiana University Medical Center. Computerized to- 
mography of the head demonstrated five discrete met- 
astatic lesions that were enhanced with contrast. There 
was a right-to-left shift of the midline structures. On 
abdominal tomography, there were bilateral renal me- 
tastases, a nonfunctioning right kidney, and no appar- 
ent pelvic disease. She was treated with dexamethasone, 
dilantin, and 3000 cGy whole-brain radiotherapy in 300 
cGY fractions with cobalt 60. Chemotherapy was ini- 
tiated. She received 14 courses of EMACO (Fig. 2), 
consisting of etoposide 100 mg/m”, dactinomycin 500 
we, vincristine 1.0 mg/m’, and cyclophosphamide 600 
mg/m’. Methotrexate 100 mg/m? as an intravenous 
bolus and 200 mg/m? infused over 12 hours was given 
with intramuscular folinic acid rescue 15 mg every 12 
hours times four. The hCG level decreased but began 
to rise in June 1989. After the rise was confirmed, ther- 
apy with etoposide, . ifosfamide, and cisplatin was 
started. She received etoposide 75 mg/m’, ifosfamide 
1.2 gm/m?, and cisplatin 30 mg/m’ daily for 2 days 
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Fig. 2. Permanent remission induced with repeated 3-day courses of V IP therapy in EMACO-resistant 


patient (case 3). 


during the first course and for 3 days during subse- 
quent courses. Mesna was given in a 120 mg/m?* intra- 
venous bolus followed by 1.2 gm/m? intravenous in- 
fusion. Courses were repeated as often as counts per- 
mitted, about every 21 days. The hCG level was 
undetectable after the third course, and four additional 
courses were given. She was hospitalized twice for fe- 
brile neutropenia, which responded to parenteral an- 
tibiotics. The hCG values have remained <3.0 for 34 
months since the first undetectable level and she is with- 
out symptoms. 

Case 4. A 52-year-old white woman was referred to 
Duke University Medical Center in March 1988. She 
had had a term vaginal delivery 29 years before ad- 
mission and a spontaneous abortion in 1982. She un- 
derwent an abdominal hysterectomy for bleeding in 


1983 with no cancer seen histologically. She presented 
with a thyroid mass, numerous pulmonary metastases, 
and mediastinal lymphadenopathy. The initial hCG 
level was 30,000 mIU/ml. An open biopsy of the thy- 
roid mass demonstrated choriocarcinoma of unknown 
origin, and abdominal computerized tomograms re- 
vealed multicystic enlargement of the ovaries. Shortly 
after admission, she underwent bilateral salpingo-oo- 
phorectomy; theca-lutein cysts were confirmed histo- 
logically. She received seven cycles of EMACO che- 
motherapy ending in June 1988. An hCG nadir of 20. 
mIU/ml was attained before a rise into the 70 to 100 
mIU/ml range. She was treated with cisplatin 20 
mg/m? and etoposide 100 mg/m? intravenously daily 
times five. Remission was attained after the first course 
of therapy, and she received three additional cycles. In 
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Fig. 3. Transient remission induced with 5-day courses of VIP in case 4. Myelotoxicity precluded 


rapid recycling of VIP. 


October 1988 the hCG level again became elevated into 


the 70 to 100 mIU/ml range, and two additional cycles 
of cisplatin and etoposide were given. Bleomycin was 
added concurrently. The nadir attained after this treat- 
ment was 15 mIU/ml. Etoposide, dactinomycin (500 
ug intravenous per day), and cyclophosphamide (200 
mg/m?) were given for 5 days. She experienced neu- 
tropenia and sepsis, and there was no additional fall in 
‘hCG response. Two more courses of etoposide as a 
single agent were given. New pulmonary nodules de- 
veloped, and the hCG level rose to 134 to 150 
mIU/ml. 

She next received three cycles of alternating etopo- 
side, methotrexate, and dactinomycin (EMA) and eto- 
poside-cisplatin, but the hCG level remained above 75 


mIU/ml. Chest tomography demonstrated persistent 
small pulmonary nodules, and she received 3150 cGY 
to the mediastinum and 1575 cGY to whole-lung fields. 
An hCG nadir of 734 mIU/ml was attained, but the 
level quickly rose to 15,000 to 17,000 mIU/ml and ra- 
diotherapy was abandoned. 

VIP therapy was started on July 29, 1989 (Fig. 3). 
Etoposide 75 mg, cisplatin 20 mg, and ifosfamide 1.2 
gm/m? were given intraveous daily times five. Mesna 
was given as a constant infusion (see case 3). Toxicity 
of the first course included an increase in creatinine 
level from 1.6 to 2.3 mg/dl, a nadir hematocrit of 22%, 
neutropenia of 200 cells/mm*, and thrombocytopenia 
of 15,000 cells/mm. Although each of the four courses 
of VIP was associated with similar toxicity, negative 
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Fig. 4. Remission induced with 3-day courses of VIP in case 5. Relapse followed discontinuation of 


therapy after only two consolidation cycles. 


hCG levels were attained after the third course of ther- 
apy. Because of neutropenia, treatment could not be 
given more frequently than every 24 days. She refused 
further chemotherapy after a rise in hCG level during 
the fourth course of treatment and died of respiratory 
failure in December 1989. 

Case 5. A 38-year-old white woman, para 1-0-0-1, 
underwent evacuation of a hydatidiform mole in 1986. 
She was treated with two cycles of methotrexate and 
folinic acid when hCG levels plateaued after the suction 
procedure. In July 1989 the patient apparently had a 
missed abortion; curettage and laparoscopy were per- 
formed and no pregnancy tissue was demonstrated. In 
October 1989 abdominal hysterectomy and bilateral 
salpingo-oophorectomy were performed because of a 
persistent hCG value in the 600 mIU/ml range. No 
evidence of choriocarcinoma of ovarian abnormality 
was identified. The hCG level rose to the 1000 
mIU/ml range in spite of two further courses of meth- 
otrexate and folinic acid. Five courses of EMACO ther- 


apy were given starting in November 1989. By Decem- 
ber 1989 hCG levels were undetectable. The last 
EMACO was given on Feb. 1, 1990. In April 1990 the 
hCG level was normal, but on May 14, 1990, it had 
risen to 4400 mIU/ml. She was admitted to Duke Uni- 
versity Medical Center where physical examination 
findings and hematologic parameters were normal. 
The quantitative hCG value ws 4200 mIU/ml, and com- 
puterized tomograms of the brain, chest, abdomen, and 
pelvis gave normal results except for the absence of 
gynecologic organs. Cisplatin 30 mg/m’, ifosfamide- 
mesna 1.2 gm/m*, and etoposide 100 mg/m? were given 
daily for 3 days (Fig. 4). The granulocyte count fell to 
1200/mm’, the platelet count to 96,000/mm‘*, and the 
hematocrit to 28%. She experienced nausea and vom- 
iting, which were treated with transdermal scopolamine 
and lorazepam. The hCG level fell to 68.5 mIU/ml 17 
days after the chemotherapy was started. She received 
a second course of VIP chemotherapy while hospital- 
ized and three additional courses at the referring in- 
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stitution. The hCG value was <5 mIU/ml at the be- 
ginning of the fourth course of chemotherapy. She ex- 
perienced Gynecologic Oncology Group grade 3 
nausea and vomiting in the last three cycles of therapy, 
as well as grade 3 myelosuppression, leading to a 20% 
reduction in the doses of etoposide and ifosfamide. The 
serum creatinine value was unaffected by therapy. Be- 
cause of gastrointestinal toxicity, this patient declined 
therapy after the second consolidation course. After 2 
months in remission, the hCG level once again was 
elevated to 5.6 mIU/ml and then 2200 mIU/ml by Oct. 
2, 1990. Chemotherapy with etoposide, dactinomycin, 
methotrexate, and cisplatin was introduced, but the pa- 
tient ultimately died. 


Comment 


The aggressive use of multidrug chemotherapy in 
patients with metastatic gestational trophoblastic dis- 
ease having a poor prognosis has resulted in permanent 
remission rates of about 80%. Li et al.° introduced the 
use of “triple” therapy (methotrexate, dactinomycin, 
and chlorambucil) in patients with testicular cancer in 
1960. Hammond et al.° demonstrated the advantage of 
this combination when comparec with single-drug 
therapy at the time of diagnosis in patients with high- 
risk metastatic disease in 1973. 

Bagshawe’ advocated the use of a seven-drug, 9-day 
combination called CHAMOMA, and this combination 
was modified slightly by Surwit et al.° when it was in- 
troduced in this country. The Gynecologic Oncology 
Group’ found that a modified CHAMOMA combina- 
tion was significantly more toxic and perhaps less ef- 
fective (p > 0.05) than MAC in a prospective random- 
ized two-arm multiinstitution study. 

When the activity of a new drug can be demonstrated 
in patients with chemotherapy-resistant tumors, this 
agent may be incorporated into a new first-line com- 
bination. The alternating, non-cross-resistant (EMA- 
CO) combination introduced by Bagshawe’ in 1984 in- 
cluded etoposide because of its marked activity in both 
previously treated and untreated patients. The thera- 
peutic value and low toxicity of this now popular com- 
bination have been corroborated by others.’ 

In 1979, Newlands and Bagshawe™ reported that cis- 
platin, either alone or in combinaticn with methotrex- 
ate and vincristine, produced responses in patients with 
refractory trophoblastic disease. Einhorn” found that 
the combination of cisplatin, bleomycin, and vinblastine 
was highly active in malignant testicular germ cell tu- 
mors. Although the initial reports cf Schlaerth et al.” 
and Hainsworth et al.’® suggested a role for this com- 
bination in gestational trophoblastic disease, Gordon et 
al.“ and DuBeshter et al.” failed to achieve sustained 
remissions with this combination in the majority of pa- 
tients. 

Etoposide and cisplatin were combined with or with- 
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out dactinomycin in 22 patients reported on by Theo- 
dore et al. Long-term remission was induced in all 
eight patients receiving this regimen without prior ther- 
apy and in 11 of 14 patients (78%) with disease re- 
fractory to the initial chemotherapy regimens. 

The Gynecologic Oncology Group has exhaustively 
studied ifosfamide as a single agent in patients with 
gynecologic malignancies. Response rates of 20% and 
11.1% have been observed in previously treated ovarian 
epithelial cancer and squamous carcinoma of the cer- 
vix. Uterine sarcomas are very sensitive to this agent; 
14.3% of untreated lelomyosarcomas and 30.7% of 
mixed miullerian tumors responded to therapy.” 

When the response to ifosfamide described in case 2 
was observed, it seemed logical to combine this drug 
with cisplatin and etoposide in subsequent cases. Loeh- 
rer et al. demonstrated the efficacy of this three-drug 
combination in refractory testicular cancer and initiated 
a phase III study comparing VIP with cisplatin, eto- 
poside, and bleomycin in patients with untreated tes- 
ticular germ cell neoplasms. Because of the extent of 
prior drug exposure, the patient described in case 3 
was given just 2 days and then 3 days of VIP, normally 
a 5-day regimen. The 5-day administration of VIP 
proved to be prohibitively toxic in untreated patients 
with small-cell carcinoma of the lung, but this combi- 
nation could be given safely when the dose was reduced 
by 20% and given over 4 days. The 3-day course of 
administration allowed relatively rapid recycling of 
therapy in case 3 whereas administration of the full 
5-day course resulted in toxicity-related treatment 
delays, which may have allowed “escape” of the 
tumor in case 4. Case 5 underscores the need 
to continue therapy for more than one or two 
“maintenance” courses before the first negative hCG 
value.'? 

For those few patients with trophoblastic disease re- 
sistant to regimens such as MAC and EMACO, further 
evaluation of ifosfamide-containing regimens seems 
warranted; earlier use of this agent would also be of 
interest. 
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Circulating concentrations of fetal fibronectin do not reflect 
reduced trophoblastic invasion in preeclamptic pregnancies 


Steven A. Friedman, MD, Christianne J.M. de Groot, MD, Robert N. Taylor, MD, PhD, 


and James M. Roberts, MD 


San Francisco, California 


This prospective, nested, case-control study investigated whether maternal plasma fetal fibronectin 
reflects reduced trophoblastic invasion at 16 to 20 weeks in women who later have preeclampsia. 
Concentrations of feta! fibronectin were 8.7 + 2.6 pg/ml in women with preeclampsia and 8.1 + 2.5 
ug/ml in matched controls (p > 0.5). These results are discussed. (Am J OssteT GYNECOL 1992;167: 


496-7.) 


Key words: Fetal fibronectin, preeclampsia, implantation, trophoblastic invasion 


The cause of preeclampsia remains unknown, but 
there is evidence that impaired trophoblastic invasion 
into maternal spiral arterioles plays an important path- 
ogenetic role.’ This incomplete remodeling of the spiral 
arteriolar wall occurs at 16 to 20 weeks’ gestation, as a 
result of the failure of the second wave of trophoblastic 
invasion. Invading cytotrophoblasts in the decidua are 
surrounded by extracellular matrix, which stains 
heavily for fetal fibronectin.? During pregnancy fetal 
fibronectin, presumably of trophoblastic origin, can be 
detected in maternal plasma in concentrations that in- 
crease with the duration of pregnancy.” We hypothe- 
sizec that circulating concentrations of fetal fibronectin 
would be reduced at 16 to 20 weeks’ gestation in women 
who subsequently have preeclampsia, when compared 
with matched controls who subsequently carry a normal 


pregnancy. 


Material and methods 


A prospective, nested, case-control study design was 
used. Blood collected in 5 mmol/L ethylene diamine- 
tetraacetic acid was drawn at 16 to 20 weeks’ gestation 
and stored as plasma at —70° C. After pregnancy 
women were identified as preeclamptic if they met strict 
criteria, namely, late-pregnancy hypertension (an ab- 
solute blood pressure 2140/90 mm Hg, or a rise of 
=30 mm Hg systolic or =15 mm Hg diastolic over 
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Table I. Maternal and neonatal clinical 
characteristics and plasma fetal 
fibronectin concentrations 


No. 10 10 


Age (yr) 241446 23.8 + 4.8 NS 
Gestational age (wk) 17.2 + 1.1 17.2% 1.2 NS 
Maternal weight (kg) 53.0 + 13.4 59.0 + 10.6 NS 
Necnatal weight (kg) 3.17 + 0.72 3.43 + 0.39 NS 
Maternal serum 54.4 + 30.0 55.3 + 39.9 NS 
a-fetoprotein 
(ng/ml) 
Plasma fetal fibro- 8.7 + 2.6 S25 NS 


nectin (ug/ml) 


NS, Not significant. 


values in the first 20 weeks), proteinuria (=1+ in a 
catheterized specimen or =2+ in a voided specimen), 
and hyperuricemia (serum uric acid =1 SD above nor- 
mal for gestational age) in a nulliparous woman whose 
clinical and laboratory findings resolved by 12 weeks 
post partum. Controls, also nulliparous, were matched 
for maternal age, gestational age, and race. All patients 
were delivered at term. This study was approved by 
the university’s Committee on Human Research. 

Fetal fibronectin was measured in triplicate by a sen- 
sitive and specific enzyme-linked immunosorbent assay 
that used the FDC-6 antibody (ROMCheck, Adeza 
Biomedical, Sunnyvale, Calif.). This antibody recog- 
nizes a glycosylated hexapeptide located in the ILICS 
region that is unique to the fetal isoform of fibronectin. 

Results were compared with paired, two-tailed ¢ tests 
and are reported as means + SD, with a p < 0.05 con- 
sidered significant. 


Results 


There were no significant differences between pre- 
eclamptic and matched control patients in maternal 
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age, gestational age, maternal weight, infant weight, 
maternal serum a-fetoprotein levels, or fetal fibronec- 
tin concentrations (Table I). The values for all com- 
parisons were p > 0.3. 


Comment 


Immunohistochemical studies demonstrate the pres- 
ence of fetal fibronectin in the extracellular matrix of 
the decidua, amnion, and chorion but not in the cy- 
toplasm of trophoblastic or decidual cells.” When de- 
signing this study, we posited that fetal fibronectin en- 
ters the maternal circulation as a consequence of tro- 
phoblastic invasion of maternal spiral arteriolar walls. 
We further hypothesized that the degree of invasion, 
which should be decreased in pregnancies complicated 
by preeclampsia, would correlate roughly with mater- 
nal plasma fetal fibronectin levels. 

There are several possible explanations for the ab- 
sence of such a correlation in this carefully matched 
cohort of preeclamptic and control patients. First, in 
spite of its high molecular weight, the entry of fetal 
fibronectin into the maternal circulation may not re- 
quire gross invasion of the spiral arteriolar wall and 
thus may not correlate well with the characteristic his- 
tologic findings in the placental bed of preeclamptic 
patients. It is possible that in all pregnancies there is 
sufficient disruption of the spiral arteriolar basement 
membrane to allow the passage of fetal fibronectin. 
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Second, extravillous trophoblast may not be the pri- 
mary source of maternal plasma fetal fibronectin. For 
example, fetal hepatocytes and renal tubular cells con- 
tain fetal fibronectin,’ and the transplacental transfer 
of this protein from fetal blood or amniotic fluid as 
with a-fetoprotein, is possible. However, we found a 
poor correlation between fetal fibronectin levels and a- 
fetoprotein levels in these patients (r = 0.257, data not 
shown). 

Third, data suggesting reduced trophoblastic irva- 
sion in preeclampsia are based on placental bed biopsies 
obtained after the development of clinical disease. Al- 
though these findings have been interpreted as a failure 
of normal invasion early in pregnancy, another inter- 
pretation is that initial invasion is normal in preeclamp- 
tic women and regresses later in gestation. 

Further studies are required to elucidate the possible 
role of fetal fibronectin in the pathogenesis of pre- 
eclampsia. 
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Resident research in obstetrics and gynecology: Development 
of a program with comparison to a national survey of 


residency programs 


Patricia J. Sulak, MD; Julie A. Croop, RN,* Argye Hillis, PhD,” and 


Thomas J. Kuehl, PhD* 
Temple, Texas 


OBJECTIVE: The objective of this report is to describe our recently established resident research program 
and to compare this program with those of other obstetrics ard gynecology residency training programs in 


the United States. 


STUDY DESIGN: The components of our program are described. Data for comparison from other 
programs were obtained from questionnaires, phone follow-up and the Directory of Obstetrics and 
Gynecology Residency Programs of the Council on Resident Education in Obstetrics and Gynecology. 
RESULTS: We initiated a residency research program in 1987 with acceptable projects defined, a time for 
compietion of manuscripts established, and a Resident Research Day organized with presentation of 
articles, critique by a guest speaker, and an awards banquet. Nationally, <60% of residency programs 
have research requirements. Of the 208 programs responding to the written questionnaire 86% of 
programs associated with a university required research compared with 10% of community-based 


residency programs. 


CONCLUSION: While more than a third of residency programs in obstetrics and gynecology do not have 
resident research programs. the trend is for programs to estaklish research as a required portion of 
training. An outline of a recently established program is provided. (Am J Osstet GYNECOL 1992;167: 


498-502.) 


Key words: Resident research, resident training, program accreditation, obstetrics and 


gynecology residency programs 


Many residency programs in obstetrics and gynecol- 
ogy require the involvement of their residents in re- 
search, but the actual number of programs providing 
research training and the nature of these programs are 
not available. Resident research activities can encourage 
critical thinking, stimulate self-learning, and promote 
exploration and assessment of career opportunities, as 
well as provide significant contributions to the litera- 
ture,’* Research projects provide experience in the re- 
view and evaluation of scientific literature, training in 
the conduct of research projects and preparation of 
manuscripts, and opportunities for training and ex- 
perience in public speaking. Because our department 
recognized a deficiency in these opportunities for our 
residents, we formally initiated resident research in 
1987 and a Resident Research Day in 1988.° Guidelines 
and a timetable were established to assist the residents 
in planning and completing projects and in preparing 
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subsequent formal presentations. To compare our res- 
idency research training program with other programs, 
we initiated a national survey of obstetrics and gyne- 
cology programs in May 1990. 


Material and methods 


Development of a resident research program. A 
plan for ongoing resident research projects culminating 
in an annual Resident Research Day was initiated at 
our institution in 1987. The purposes of establishing 
resident research projects were as follows: (1) to teach 
residents to critically review the medical literature, to 
organize and conduct a research project with an ap- 
propriate understanding of all aspects of experimental 
design and statistical analysis, and to prepare a manu- 
script; (2) to teach residents to organize a formal pre- 
sentation including the preparation of visual aids and 
to present formally to an audience of their peers; (3) 
to promote research, formal presentations, and the 
publication of manuscripts as essential components of 
an academic residency training program and of a career 
in obstetrics and gynecology. — 

Guidelines for annual! resident research projects were 
established, including definitions of acceptable projects, 
a time line for completicn of each phase of each project, 
faculty supervision of projects, a faculty coordinator 
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Table I. Response to resident research survey 
of 280 obstetrics and gynecology 


residency programs 
% of % of all 
No. responders programs 


Written responders 


“Yes” responses 142 68 5] 

“No”. responses 65 32 23 

Subtotal 208 100 74 
Phone responders 

“Yes” responses 5 26 2 

“No” responses 17 74 6 

Subtotal 23 100 8 
TOTAL RESPONDING 231 82 


for the overall Resident Research Day, and formal pre- 
sentation of projects at the annual Resident Research 
Day. A format was proposed for printing of all manu- 
scripts in a booklet, presentation of articles to the fac- 
ulty and resident staff, critique of presentations by a 
guest faculty, judging of research projects and formal 
presentations, presentation of awards at an annual Res- 
ident Research Day Banquet, and submission of manu- 
scripts to scientific journals for formal publication. To 
compare our resident research program with others, a 
national survey of all accredited obstetrics and gyne- 
cology programs was conducted. 

Resident research questionnaire. A questionnaire 
was sent to 280 accredited obstetrics and’ gynecology 
programs. Each program director was asked, “Does 
your residency program have a formal resident re- 
search program that is required for completion of the 
residency?” If the response was “yes,” then the year in 
which the program was initiated, the number of re- 
search projects required during the residency, and spe- 
cific questions about the research were asked, including 
criteria for acceptable projects, research guidance avail- 
able to residents, and means of presentation of projects 
made available to residents. If the response was “no,” 
then the percentage of residents electively doing re- 
search, the reasons for not requiring resident research, 
and whether a formal program was contemplated 
within the next 2 years were surveyed. 


Results 


Resident research questionnaire: “Yes” respond- 
ers. Of the 280 questionnaires that were mailed, 208 
were returned, for a written response rate of 74% 
(Table I). Seventy-two of the 280 programs surveyed 
did not return the questionnaire. Twenty-five of these 
nonresponders to the written questionnaire were ran- 
domly chosen for phone follow-up and were asked if 
they require residency research for the completion of 
the residency program. Twenty-three of 25 programs 
were reached. by phone, and their response to the ques- 
tion of having a research requirement is shown in Table 
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Table II. Relationship of program size and 
university connection to the proportion of 
obstetrics and gynecology residency programs 
requiring research 












Programs 


associated with a Community-based 















university 
Total No. of 
residency % with % with 
positions No. Research No. Research 
=10 33 82 15 13 
11-20 81 86 3] 10 
221 45 89 3 0 
TOTAL* 159 86 49 10 


*Of 208 programs responding to written questionnaire, 
proportions requiring research are significantly different 
(p < 0.0001) between programs associated with a university 
and those that are community based. 


I. Programs that require residency research were more 
inclined to respond to the written questionnaire than 
were programs that do not require research. Sixty-eight 
percent of the 208 programs that returned the ques- 
tionnaire reported that research is required and 26% 
of the 23 programs polled by phone reported that res- 
idency research is a requirement. The difference was 
statistically significant by x? analysis (p < 0.0001). To 
verify the written responses, we randomly chose for 
phone follow-up 20 residency programs that had re- 
sponded “yes” on the written questionnaire. Nineteen 
of these 20 confirmed that resident research is a re- 
quirement for the completion of the residency. One 
program indicated that resident research was a require- 
ment on the written form but did not confirm that 
research was required to complete residency on phone 
follow-up for a 5% error rate. Of the total 231 respon- 
dents, 148 (64%) require their residents to complete a 
structured research program whereas 83 (36%) do not. 
Table II shows the relationship of program size as mea- 
sured by the total number of approved residency po- 
sitions and of university connections to the proportion 
of programs requiring research. j 
Format for resident research. The design and require- 
ments of our residency research training program were 
compared with those of other programs. When our 
program was initiated in 1987, a Director of Resident 
Research was appointed to coordinate resident research 
activities and Resident Research Day. Each second-, 
third-, and fourth-year resident is required to complete 
a yearly project under the supervision and with the 
approval of a faculty advisor. To complete each project 
satisfactorily, a manuscript of the work, written by the 
resident and approved by the faculty advisor, is for- 
mally presented by the resident on Resident Research 
Day. Thus, for completion of our residency research 
requirements, a resident must complete three projects 
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Fig. 1. Year resident research initiated in obstetrics and gynecology program requiring resident 


research. 


culminating in written manuscripts with each formally 
presented. This format was compared to the responses 
from the 142 programs with a research requiremert 
that completed the written questionnaire. Fig. 1 shows 
the year in which residency programs initiated for- 
malized research requirements. Whereas we require 
the completion of three projects, 79% of the programs 
require only one project during the entire residency. 
Twelve percent require two projects, 8% require three 
projects, and only 1% require yearly projects. 

Our residency research program outlines specific 
guidelines for acceptable projects. The annual projects 
may consist of basic or clinical research, including prc- 
spective studies, retrospective studies, and case studies. 
Each resident is to complete at least one prospective 
study during the residency, which should be planned 
during the first or second year to ensure completion 
by spring of the fourth year of residency. The remair.- 
ing two projects can include a case study or retrospec- 
tive studies. Only one case study or case ‘series is a: 
lowed, Our guidelines are similar to those of other res- 
idency programs that require residency research in that 
the majority require retrospective or prospective stuc- 
ies (Fig. 2). = : 

Resident research instruction. Realizing that resident re- 
search adds to the demands already placed on our res- 
idents but recognizing the benefits to the residents, we 
take several measures to assist them. A faculty adviscr 
supervises each project throughout its many phases, 
from developing’ the idea to practicing the presente- 
tion. We also establish a 1-month resident research ro- 
tation with the Research Director of the Department 


of Obstetrics and Gynecology. The residents receive 
instruction in research philosophy, literature review, 
experimental design, research methods, and Statistics. 
Additionally, each month a 1-hour research conference 
is conducted for the residents and staff with topics fo- 
cusing on the mechanics of developing a research pro- 
posal, experimental design, computer use, literature 
review, record keeping, statistical methods, analysis of 
results, writing abstracts and manuscripts, and public 
speaking. Our monthly journal club also supports res- 
ident instruction in research by critically evaluating re- 
cently published articles and classic articles from. the 
past. Of the 142 responding programs that require res- 
idency research, 96% indicated that residents have a 
faculty advisor for each project although only 48% of ° 
these programs have formal instruction for residents 
on how to conduct research. : 
Presentations and manuscripts. A formal Resident Re- 
search Day was established at our institution as an an- 
nual departmental event held each April. The day in- 
cludes the residents’ presentations of their annual re- 
search projects, critique of the projects by a guest 
reviewer, resident awards, and an evening banquet. A 
booklet of the residents’ final manuscripts is prepared 
for distribution on Resident Research Day. The manu- 
scripts are sent to the guest reviewer at least 1 week in 
advance. Each resident is allotted 15 minutes to present 
a retrospective or prospective study or 10 minutes to 
present a case report or series. The guest reviewer cri- 
tiques each presentation and a question-and-answer 
session follows. An Awards Committee, comprising the 
guest reviewer and ‘four faculty members, is appointed 
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Fig. 2. Acceptable projects and reports for obstetrics and gynecology programs requiring resident 


research. 


by the department chairman to select a “best paper” 
and a “best presentation.” These awards are presented 
at a banquet the evening of Resident Research Day. Of 
the 142 programs that require resident research, 94% 
reported that the resident projects are presented in a 
formal manner, similar to our annual resident research 
day. Seventy-seven percent said that residents are re- 
quired to submit a formal manuscript of their research 
while for 23% this is not a requirement. 

In developing our residency research program, pub- 
lication of a manuscript was not set as a requirement. 
We have completed 4 years of residency research, and 
to date 10 of the projects have been published or have 
been accepted for publication in the scientific literature 
and five are currently submitted or are in preparation 
for submission. In response to the questionnaire, only 
15% of the programs that require residency research 
require that project manuscripts be submitted for pub- 
lication. We have not made publication in the medical 
literature a requirement, but we have been very pleased 
with the quality of the projects presented thus far. 

Resident research questionnaire: “No” responders. 
Sixty-six programs that responded to the written ques- 
tionnaire said they do not require research and many 
cited more than one reason for not doing so. The pre- 
dominant reasons expressed were that the residents 
were too busy (52%), that the staff was too busy to assist 
the residents (28%), and that research should not be a 
requirement during residency training (46%). Of the 
programs that do not require residents to perform re- 
search, most have =25% of their residents electively 
doing research. Of the programs not requiring re- 


search, 42% do not contemplate initiating a formal res- 
idency research program within the next 2 years, while 
43% do plan to initiate one. Fifteen percent did not 
respond to this question. 


Comment 


We had a very good response to our questionnaire. 
Of 280 programs surveyed, 208 returned the ques- 
tionnaire with 142 of these requiring resident research 
for completion of training. Of the 72 nonresponders 
to the written questionnaire, 23 were contacted by 
phone with 26% of this study group stating that they 
do require research. If we apply the 26% figure to all 
72 nonresponders, then we can estimate that approx- 
imately 19 of these programs require research, for a 
total of 161 (142 + 19) programs (58%) among the 
entire 280 in the United States. Ninety-five percent of 
programs confirmed their written response in tele- 
phone follow-up. From our survey we found that most 
resident research programs have been initiated since 
1980 and many programs plan to initiate a research 
requirement for completion of residency training 
within the next 2 years. 

The residency review council and boards require res- 
idency programs to integrate research into residency 
training, but the structure and supervision of this aspect 
of residency are left up to each residency director. The 
information obtained from our survey of obstetrics and 
gynecology residency programs should be of interest 
to all those participating in residency training. It is note- 
worthy that programs directly associated with a uni- 
versity or medical school more frequently had a re- 
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search requirement than did programs that are com- 
munity based. The size of residency programs did not 
seem to be related to whether the program required 
research (Table II). Other aspects of the influence of 
a research requirement on the nature and academic 
rank of applicants to programs or the career choices 
and opportunities of graduating residents were not 
dealt with in our survey. A survey of candidates apply- 
ing to programs and of physicians a few years after 
completing an obstetrics and gynecology residency 
would be needed to see if a resident research require- 
ment influences: program choices by medical students 
and career choices by graduates. The results of thet 
survey will be important in assessing the impact of re- 
search requirements. 

Our resident research program was comparable to 
those of other institutions requiring residents to per- 
form research. We require a greater number of projects 
than do most programs, but we have also incorporated 
research time and instruction in residency training. 
Our director of departmental research plays an active 
role in assisting residents in projects and research in- 
struction. 

Since we initiated this program in 1987, our residents 
have achieved the Clinical Scholar Award for the best 
resident research at our hospital 4 years in a row. Two 
projects have been selected by the Southern Medical 
Association as Best Resident Presentations at their an- 
nual meetings in.1988 and 1989. Two projects have 
won the Pritchard Prize for Best Resident Paper at zhe 
Texas Association of Obstetrics and Gynecology An- 
nual Meetings in 1989 and 1991. Several articles have 
also been presented at other meetings, including the 
Society for Perinatal Obstetricians in 1990 and the Cen- 
tral Association of Obstetrians and Gynecologists in 
1990. 

Many of the program directors surveyed responded 
that they do not require resident research because they 
feel the quality of articles would be poor if resid=nts 
were forced to do research; however, we have not found 
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this to be so at our institution. We have been delighted 
by our residents’ enthusiasm and efforts in planning 
and conducting their projects and in submitting their 
manuscripts for publication in journals and for pre- 
sentation at scientific meetings. Before the initiation of 
a formal residency research program and Resident Re- 
search Day, no research presentations or publications 
were made by the residents in our department. Resi- 
dents now routinely discuss research activities, willingly 
pursue potential research projects, and, when con- 
fronted by new or interesting clinical problems, are 
more likely to search the literature and do so with more 
ease and confidence. A formal resident research pro- 
gram contributes significantly to the overall education 
of obstetrics and gynecology residents. At the same time 
the resident research program will enable compliance 
with Accreditation Counsel for Graduate Medical Ed- 
ucation Guidelines for Residency Programs as evalu- 
ated by our residency review committee. Our residents 
have developed a foundation on which to build and 
pursue research endeavors, whether in private practice 
or in academic medicine. 


We thank Janice E. Hudgins for manuscript prepa- 
ration. 
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Nonimmune fetal hydrops caused by bilateral type III 
congenital cystic adenomatoid malformation of the lung at 17 


weeks’ gestation 


David M. Sherer, MD, Jacques S. Abramowicz, MD, Leon A. Metlay, MD,” 
Michele Roberts, MD, PhD,” and James R. Woods, Jr., MD* 


Rochester, New York 


Type Ill congenital cystic malformation of the lung with nonimmune hydrops and oligohydramnios was 
diagnosed at 17 weeks by ultrasonography. Massive fetal cardiac compression with probable associated 
left- and right-sided failure causing both the oligohydramnios and the ascites, respectively, was thought to 
be the underlying pathophysiologic mechanism of this unusual clinical presentation. Pathologic 
examination after termination of the pregnancy confirmed the prenatal diagnosis. (AM J OBSTET GYNECOL 


1992;167:503-5.) 


Key words: Prenatal ultrasonography, nonimmune hydrops, congenital cystic adenomatoid 


malformation of the lung 


Congenital cystic adenomatoid malformation of the 
lung is a rare form of congenital lung disease. The 
cause and heredity are unknown.’ This hamartomatous 
lesion resulting from cessation of bronchiolar matu- 
ration with an overgrowth of mesenchymal elements 
and proliferation of polypoid glandular tissue in the 
absence of normal alveolar differentiation creates the 
“adenomatoid” histologic appearance. These structures 
are lined by cuboidal or ciliated columnar epithelium. 
Congenital cystic adenomatoid malformation has been 
classified into three types that differ primarily in the 
size of the cysts along with other histologic and clinical 
features.' Type I lesion has some large cysts and type 
II has multiple evenly sized cysts, whereas type III con- 
sists of a firm bulky mass, uniformly formed by small 
cysts that usually involve an entire lobe. Type III is the 
rarest, with bilateral involvement being reported six 
times previously.’ We present a case in which bilateral 
type III congenital cystic adenomatoid malformation 
of the lung was associated with nonimmune fetal hy- 
drops and oligohydramnios at 17 weeks. 
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Case report 


A 28-year-old woman, gravida 3, para 0, aborta 2, 
was referred to Strong Memorial Hospital, the regional 
perinatal referral center, at 17 weeks’ gestation for con- 
sultation because of an increased risk for trisomy 21. 
Her medical history was unremarkable, and the current 
gestation was uneventful with ultrasonographic confir- 
mation of dates at 7 weeks. At 17 weeks’ gestation, 
maternal serum a-fetoprotein level was 1.83 multiples 
of the median (normal) and the serum human chorionic 
gonadotropin level was elevated at 3.87 multiples of the 
median (77,533 mIU/ml). She was counseled as to the 
increased risk of trisomy 21 calculated at 1:228 (vs 
1:755 for age only); she elected to undergo genetic 
amniocentesis. Ultrasonography before this procedure 
revealed a singleton, vertex-presenting fetus with 
markedly decreased amniotic fluid. Examination of the 
fetal chest disclosed an abundant amount of hyper- 
echoic tissue representing the fetal lungs. This condi- 
tion was bilateral and continuous throughout the chest. 
Massive compression of the fetal heart was noted with 
the fetal heart occupying a relatively small portion of 
the chest (<10%) (Fig. 1, a). Although a detailed echo- 
cardiographic examination was not technically possible, 
ultrasonographic evaluation at the four-chamber level 
revealed two ventricles, an intraventricular septum, two 
atria, and two atrioventricular valves. A large amount 
of ascitic fluid was noted in the fetal abdomen with an 
increased abdominal circumference consistent with 25 
weeks’ gestation (Fig. 1, b). 

These ultrasonographic findings were interpreted as 
consistent with bilateral type III congenital cystic ad- 
enomatoid malformation of the lung. Because of the 
poor prognosis associated with the extensive bilateral 
condition, the parents elected to terminate the preg- 
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Fig. 1. Prenatal ultrasonographic views at 17 weeks’ gestation. a, Transverse view of fetal chest. 
5 5 


Arrow, Fetal heart compressed by abundant lung tissue. b, Longitudinal view of fetal chest and 


abdomen. Arrow, Hyperechogenic lung tissue; curved arrow, ascites. 





Fig. 2. a, Histopathologic section of lung tissue of described fetus. Note decreased terminal air spaces 


surrounded by increased smooth muscle (arrow) consistent with type IH congenital cystic adeno- 


matoid malformation of lung. (Original magnification X 20.) b, Normal lung of gestational age— 


matched control. (Original magnification X 20.) 


nancy without an amniocentesis. At the parents’ re- 
quest, an evacuation was performed while the patient 
was under general anesthesia. Pathologic examination 
revealed abnormally large fetal lungs (weighing 25 gm, 
>97.5th percentile for gestational age). Multiple 
grooves were noted on the outer aspects of the fetal 
lungs and were identified as rib impressions caused by 


increased intrathoracic pressure. Histopathologic stud- 
ies throughout four random sections of fetal lung dis- 
closed notably decreased terminal air spaces and in- 
creased smooth muscle, consistent with bilateral type 
III congenital cystic adenomatoid malformation of the 
lungs (Fig. 2, a). Histopathologic studies of a gestational 
age—matched control are shown for comparison (Fig. 


Volume 167 
Number 2 


2, b). Fetal kidneys and liver were normal. The fetal 
head was traumatized during the evacuation and thus 
was not available for evaluation. The placenta and um- 
bilical cord were normal. Karyotyping was obtained at 
the time of the evacuation and subsequently revealed 
a 46,XX karyotype. 


Comment 


Neonatal outcome of fetuses with congenital cystic 
adenomatoid malformation of the lung depends on the 
type of lesion and, as with all intrathoracic space—oc- 
cupying lesions, on the presence or absence of pulmo- 
nary hypoplasia (dependent on the extent of pulmonary 
involvement). Although the prognosis for a unilateral 
type I lesion is excellent after resection, type II lesions 
are associated with a high incidence of structural and 
chromosomal abnormalities and an overall poor prog- 
nosis. Fetuses with type III lesions have a poor outcome 
on the basis of pulmonary hypoplasia or hydrops. 

Spontaneous Improvement in utero has been re- 
ported in cases of fetuses with unilateral involvement 
of both type I and type II lesions. Approximately two 
thirds of fetuses with antenatal diagnosis of this con- 
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dition will have hydropic changes with either polyhy- 
dramnios or oligohydramnios.’ Although polyhydram- 
nios noted to be associated with this anomaly is attrib- 
uted to esophageal compression with subsequent 
impaired fetal swallowing, it is interesting to note sim- 
ilar cases (as ours) where nonimmune fetal hydrops 
existed with severe oligohydramnios. Our case and 
three previously published cases of fetuses with bilat- 
eral type III congenital cystic adenomatoid malfor- 
mation of the lung’? suggest that, at least in these cases, 
combined right- and left-sided cardiac failure caused 
by cardiac compression may be the underlying patho- 
physiologic mechanism behind the associated nonim- 
mune hydrops and oligohydramnios. 
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Case Reports 


Pregnancy complicated by chronic cardiomyopathy and an 
automatic implantable cardioverter defibrillator 


Jeanna M. Piper, MD, Michael Berkus, MD, and Louis E. Ridgway III, MD 


San Antonio, Texas 


The dismal prognosis of dilated cardiomyopathy and its resulting tachyarrhythmias has recently been 
improved by technical advances such as the automatic implantable cardioverter defibrillator. We report a 
successful pregnancy in a patient with chronic cardiomyopathy and malignant tachyarrhythmias 
necessitating use of this device, with a documented defibrillator discharge and monitored fetal response. 


(Av J OasteT GYNECOL 1992;167:506-7.) 


Key words: Cardiomyopathy in pregnancy, cardiac arrhythmias, automatic implantable 


cardioverter defibrillator , 


Chronic dilated cardiomyopathy complicated by car-. 


diac arrhythmias has been variously reported to have 
a 5-year mortality rate of 50% to 60%. Poor prognostic 
factors include tachyarrhythmias, left ventricular ejec- 
tion fraction <35%, myocardial ischemia, and left ven- 
tricular dilation sufficient to make the cardiothoracic 


ratio >0.55 on chest x-ray film.' Recent advances in - 


antiarrhythmic medications and technical advances, 
such as the automatic implantable cardioverter defi- 
brillator, have markedly improved long-term survival.’ 
The automatic implantable cardioverter defibrillator 
was introduced in 1980 for the treatment of malignant 
ventricular arrhythmias unresponsive to antiarrhyth- 
mic medications or surgical ablation.? It uses two epi- 
cardial defibrillating patches and can be programmed 
for triggering rate criteria: (126 to 208 beats/min) and 
strength of discharge (1 to 40 J). (Because of direct 
epicardial application, 8 to 30 J is adequate for cardio- 
version or defibrillation.) The extended life span af- 
forded by the automatic implantable cardioverter de- 
fibrillator and other advances has allowed women with 
cardiomyopathy to consider pregnancy. Thus the effect 
of pregnancy on cardiac dysfunction and its effects on 
the fetus must be considered. To our knowledge, this 
is the first report of a successful pregnancy complicated 
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by dilated cardiomyopathy and an automatic implant- 
able cardioverter defibrillator. 


Case report 


This 22-year-old primigravid woman had viral myo- 
carditis in January 1987 that resulted in a severe 
chronic cardiomyopathy. The initial left ver tricular 
ejection fraction was 15%, and the left ventricular di- 
astolic diameter was 6.4 cm (normal <5.6 cm). After 
initial recovery tachyarrhythmias occurred, including 
ventricular fibrillation in October 1989. Electrophysi- 
ologic testing indicated that antiarrhythmic medica- 
tions could not adequately control the arrhythmias. 
Thus an automatic implantable cardioverter defibril- 
lator (Ventak 1550 AICD, Cardiac Pacemakers, St. 
Paul, Minn.) was placed in February 1990. At the time 
of surgery the ejection fraction was 55%, and she could 
maintain daily activity without symptoms. 

She subsequently became pregnant in May 1990, 
against the advice of her cardiologist. Her medications 
included digoxin, metoprolol, furosemide, pozassium, 
and subcutaneous heparin. The first two trimesters 
were without complications. At 28 weeks’ gestation she 
began to have episodic dyspnea and tachycardia that 
responsed to bed rest; ejection fraction remained 45% 
to 50%. At 33 weeks’ gestation she experienced a tachy- 
arrhythmia that triggered automatic implantable car- 
dioverter defibrillator discharge. A single 30 J shock 
resulted in conversion to a normal sinus rhythm and a. 
normal rate. She was monitored, and stable vital signs, 
a normal electrocardiogram, and a reactive fetal heart 
tracing were seen. 

The patient was placed at bed rest, and both she and 
her fetus underwent extensive surveillance for the final 
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month of pregnancy because of increasing fatigue, dys- 
pnea, and activity intolerance. Ejection fraction fell to 
35% before delivery. At 37 weeks 3 days’ gestation 
spontaneous rupture of membranes occurred, followed 
by labor. An introducer sheath (cordus) was placed to 
monitor central venous pressure and to facilitate rapid 
introduction of a pulmonary artery catheter, should it 
be needed. Intrathecal narcotics were used for pain 
management. An uncomplicated labor resulted in de- 
livery of a viable male infant (Apgar scores of 8 and 9 
at 1 and 5 minutes, birth weight 3001 gm), with outlet 
forceps. Central venous pressure monitoring remained 
stable for 24 hours post partum, with uneventful re- 
covery. By 6 weeks post partum the patient had re- 
turned to full daily activity without symptoms, and ejec- 
tion fraction had returned to 48%. The infant is doing 
well. 


Comment 


Viral myocarditis may occur at any age and generally 
has no long-term sequelae. Dilated cardiomyopathy 1s 
an uncommon but severe potential complication. His- 
torically, dilated cardiomyopathy has had a dismal 
prognosis, with progressive deterioration, congestive 
failure, and malignant arrhythmias. Recent advances 
in medica] management and invasive technology have 
allowed some patients to have a relatively normal life- 
style and to consider reproduction. 

Because of the historically poor prognosis, there is 
no body of literature addressing the effects of preg- 
nancy on chronic dilated cardiomyopathy. The preg- 
nancy reported here was complicated by increasing 
tachyarrhythmias and decreasing ejection fraction (par- 
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ticularly during the third trimester), which resolved 
rapidly post partum. The physiologic volume expan- 
sion of pregnancy is normally associated with a pro- 
gressive increase in cardiac output, through increased 
stroke volume, which peaks at term.’ In this patient 
with dilated cardiomyopathy the further increase in left 
ventricular size necessary to accommodate the excess 
volume resulted in decreased efficiency (reduced ejec- 
tion fraction) and increased arrhythmogenic potential. 
Because this patient was relatively compensated before 
pregnancy, she progressed beyond the initial volume 
expansion (24 weeks) before having symptoms. 

Tachyarrhythmias are a primary cause of sudden 
death in chronic dilated cardiomyopathy.’ The in- 
creased tachyarrhythmias experienced in this preg- 
nancy included one of sufficient rate and duration to 
necessitate cardioversion by automatic implantable car- 
dioverter defibrillator. 

No adverse effects on the fetus were noted from the 
worsening maternal cardiac function or from the au- 
tomatic implantable cardioverter defibrillator dis- 
charge for cardioversion. 
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Repeated external cephalic version at term 


Doron J.D. Rosen, MD, Jeffrey S. Illeck, MD, and Jeffrey S. Greenspoon, MD 


Las Angeles, California 


External version was performed three times in a patient at term because of spontaneous reversion to 
breech presentation. She was then delivered vaginally. Spontaneous reversion to breech presentation can 
be managed with additional external cephalic version procedures. (Am J OBsTET GYNECOL 1992;167:508-9.) 


Key words: Breech, external cephalic version 


External cephalic version has been reintroduced to 
modern obstetrics as a safe and effective alternative for 
delivery of the fetus in a breech presentation.’ In cases 


in which immediate induction of labor does not follow. 


successful version, there is a risk of 6% to 7% that the 
fetus will spontaneously return to a breech or trans- 
verse lie.’ We present a case in which external cephalic 
version was successfully performed three times at term 
before a successful vaginal delivery occurred. We dis- 
cuss the management of breech presentation that re- 
verts before delivery. 


Case report 


A 37-year-old woman, gravida 2, para 1, was seen at 
48 weeks’ gestation with a breech presentation. The 
obstetric and medical history was unremarkable. She 
had a spontaneous vaginal delivery of a 4025 gm infant 
4 years previously. During that pregnancy the fetus 
remained in a breech presentation until the day of de- 
livery, when spontaneous version to cephalic presen- 
tation occurred. The current pregnancy course was un- 
eventful. Dating was confirmed by early second-tri- 
mester ultrasonography; genetic amniocentesis was 
normal. A 1-hour glucose screen after 50 gm of glucola 
resulted in.a blood glucose level 143 mg/dl. A 3-hour 
oral glucose tolerance test gave a normal result (fasting, 
79 mg/dl; 1 hour, 151 mg/dl; 2 hours, 129 mg/dl; 3 
hours, 116 mg/dl). Complete breech presentation was 
diagnosed at 38 weeks’ gestation. The estimated fetal 
weight was 3600 gm; the amniotic fluid index was ‘20 
cm. The patient was counseled regarding the options 
for delivery. She consented to have external cephalic 
version, which was easily performed with magnesium 
sulfate tocolysis. An hour later, during continuous ex- 
ternal monitoring, the fetus spontaneously reverted to 
a breech position. After undergoing counseling re- 
garding her options, the patient agreed to undergo 
another external cephalic version on the next day to 
be followed by immediate induction of labor. The sec- 
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ond external cephalic version was successful. Cervical 
ripening with prostaglandin E; gel and oxytocin in- 
duċtion of labor were initiated. A serial 3-day induction 
was attempted with oxytocin infusion for a total of 34 
hours. There was no cervical change. The patient re- 
quested expectant management rather than cesarean 
delivery for failed induction. The patient declined fur- 
ther induction attempts for 3 weeks. Antepartum test- 
ing was done twice weekly and remained reassuring. 
At 41 weeks’ gestation a breech presentation was di- 
agnosed for the third time. The estimated fetal weight 
by ultrasonography was 3900 gm with adequate am- 
niotic fluid. After receiving further counseling regard- 
ing options, the patient requested cesarean delivery for 
breech presentation if labor ensued, or if delivery had 
not occurred in 1 week, she would undergo a third 
external cephalic version followed by induction of la- 
bor. At 42 weeks, external cephalic version was suc- 
cessfully done, and ripening with prostaglandin E, and 
oxytocin induction of labor were accomplished. After 
a 15-hour labor, a 4140 gm infant was delivered vagi- 
nally. Apgar score was 9 at both 1 and 5 minutes. 


Comment 


Breech presentation at term is associated with a ce- 
sarean section rate approaching 90%."? External ce- 
phalic version reduces the number of breech deliveries 
and therefore decreases the cesarean section rate. The 
success rate of external cephalic version at term 1s ap- 
proximately 75% while the spontaneous version rate at 
the same gestational age is only 12% to 17%.>? After 
a successful external cephalic version, patients are often 
permitted to await the spontaneous onset of labor. Dur- 
ing this waiting period, 7% of the fetuses revert to 
breech presentation.’ There are no established guide- 
lines regarding the management of these patients. 

Although external cephalic version is associated with 
small risks, including fetal distress, abruptio placentae, 
and fetomaternal transfusion, these risks are acceptably 
infrequent and manageable wizh careful patient selec- 
tion, tocolysis during the procedure, gentle technique, 
and continuous fetal monitoring during and after the 
procedure.*? | 

- External cephalic version is routinely offered to pa- 


tients with breech presentation at term in many hos- 


pitals in the United States. In our case the first and 
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second versions were done for the patient’s benefaction 
in view of the higher complication rate of cesarean 
sections. It seemed prudent to induce labor after the 
second version, because the fetus quickly reverted to a 
breech position after the first external cephalic version. 
When induction failed, the patient was offered a ce- 
sarean section, but she declined. Because there was no 
immediate danger to either mother or fetus, the pa- 
tient’s request for expectant management with careful 
surveillance was honored according to the principle of 
patient autonomy. This patient had been carefully 
counseled on multiple occasions by several physicians 
regarding her options, risks, and benefits, and she 
made fully informed decisions. The third external ce- 
phalic version was done at the patient’s request to em- 
ploy reasonable options to avoid a cesarean delivery or 
breech vaginal birth. 


Repeated external cephalic version 


We believe that patients who require a second version 
usually should have labor induced. This case suggests 
that when induction of labor is unsuccessful, expectant 
management rather than cesarean section is a reason- 
able option. It demonstrates that a fetus may sponta- 
neously revert to a breech position twice at term and 
that external cephalic version may be done three times 
successfully. and safely in selected cases to avoid un- 
necessary cesarean deltvery. 
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Congenital deficiency of a-fetoprotein 


Frank Greenberg, MD; Andrew Faucett, MS, Esmie Rose, PhD,” Lisa Bancalari, MS, 
Nataline B. Kardon, MD, Gerald Mizejewski, PhD,’ James E. Haddow, MD, and 


Elliot Alpert, MD? 


Houston, Texas, Flushing and Albany, New York, and Scarborough, Maine 


Although «-fetoprotein may play a role in fetal immune function or in maintenance of osmotic pressure, 

its exact function is unknown. We report two infants documented to have congenital deficiency of 
a-fetoprotein. One infant had cord blood levels <0.5 ng/ml. The second infant had a neonatal level of 120 
ng/ml, which is about 2% of the usual concentration for a term newborn. These infants document the 
existence of congenital deficiency of serum a-fetoprotein. Because it is homologous to albumin, congenital 
deficiency of a-fetoprotein may be analogous to analbuminemia, a benign genetic trait. (Am J OBSTET 


GYNECOL 1992;167:509-11.) 


Key words: o-Fetoprotein, gene regulation, analbuminemia 


The exact function of a-fetoprotein (AFP) is cur- 
rently unknown.’ AFP has been suggested to play a role 


in growth regulation, immune function, and mainte- ` 


nance of osmotic pressure in fetal life.’ We report two 
infants with congenital deficiency of AFP, both of whom 
appeared normal at birth, thereby not supporting the 
three suggested functions of AFP during intrauterine 
development. Because AFP is homologous to albumin, 


From the Institute for Molecular Genetics* and the Department of 
Medicine,’ Baylor College of Medicine, NMG Genetic Services, Inc., 
the New York State Department of Health,’ and the Foundation for 
Blood Research.‘ 

Received for publication August 14, 1991; revised April 9, 1992; 
accepted April 21, 1992. 

Reprint requests: Frank Greenberg, MD, Institute for Molecular Ge- 
netics, 1 Baylor Plaza, Room 533-D, Houston, TX 77030. 
6/1/38708 


congenital deficiency may be analogous to analbumin- 
emia, a benign genetic trait. 


Case reports 


Patient 1. A 36-year-old woman gravida 3, para 2, 
woman who had an amniocentesis at 14.5 weeks’ ges- 
tation for advanced maternal age. The pregnancy was 
uncomplicated, and the family history was significant 
only for myopia in several family members and stra- 
bismus in a previous child. Ultrasonography revealed 
no fetal abnormalities. Amniocentesis was performed 
without complication. The amniotic fluid cells grew 
slowly. There was no measurable AFP by electroim- 
munodiffusion or by radioimmunoassay (<0.5 ng/ml). 
Becatise the amniotic fluid total protein concentration 
was low, the specimen was thought to be maternal urine. 
A repeat amniocentesis was performed at 17 weeks’ 
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gestation. These amniotic fluid cells grew more rapidly 
and a 46,XX chromosome pattern was found in 20 cells 
from three primary cultures. There was still no mea- 
surable AFP, but the amniotic fluid total protein con- 
centration was within the normal range. A maternal 
serum AFP level was obtained at 19 weeks’ gestation; 
it showed a concentration of <0.5 IU/ml. This was 
determined in a more sensitive radioimmunoassay, ob- 
tained by changing the conditions of the assay to derive 
a standard curve from 0.5 ng/ml to 30 ng/ml. The 
intraassay and interassay coefficient of variation at this 
low level was <5%. Repeat fetal ultrasonographic stud- 
ies at 24 and 32 weeks’ gestation showed normal interim 
growth and no evidence of anomalies. A normal, 
healthy female infant was delivered vaginally at term 
with a birth weight of 3.8 kg. Cord blood serum AFP 
levels were undetectable (<0.5 ng/ml). Maternal serum 
AFP levels at delivery were also undetectable. Serum 
AFP levels in one older sibling were <0.5 ng/ml and 
were 1.0 ng/ml in another sibling and in the father. At 
age l year, this infant was doing well with no physical 
or developmental problems. 

Patient 2. Amniocentesis was performed on a 26- 
year-old woman, gravida 1, para 0, at 21 weeks’ ges- 
tation because of two previously undetectable maternal 
serum AFP levels with normal ultrasonography. Am- 
riocyte chromosome analysis showed a 46,XY pattern. 
The amniotic fluid AFP concentration was <0.5 ng/ml. 
The amniotic fluid protein concentrations were within 
the normal range. 

A healthy, normal-appearing term infant was deliv- 
ered. Birth weight was 3. 72 kg and Apgar scores were 
G and 9 at 1 and 5 minutes, respectively. The placenta 
appeared normal. No cord blood was obtained. About 
6 to 8 months after delivery, the original heelstick 
blood spots from the neonatal screening program were 
retrieved and analyzed by previously published meth- 

ods.” The AFP concentration was 120 ng/ml, which 
is about 2% of the usùal concentration for a term 
newborn. 


Comment 


a-Fetoprotein is the major fetal serum protein and 
has genetic homology with albumin.’ It is produced in 
early embryogenesis by the yolk sac and subsequently 
by the fetal liver, reaching a peak concentration at 12 
weeks’ gestation.” A small amount of AFP is excreted 
through the fetal kidney into the amniotic fluid, reach- 
ing peak concentrations at 13 weeks’ gestation.’ Smaller 
amounts cross the placenta into the maternal circula- 
tion, resulting in peak concentrations at about 28 to 32 
weeks’ gestation.’ After delivery there is a rapid drop 
in AFP concentration, reaching adult concentration of 
<10 ng/ml by about 8 months of age.? The normal 
adult male and nonpregnant female level has recently 
deen shown to be 3.04 + 0.19 ng/ml. 

The primary function of AFP in fetal life is unknown. 
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On the basis of previous studies, several functions have 
been hypothesized.' These are: (1) osmotic pressure 
regulation, (2) carrier transport (steroids, lipids, metals, 
etc.), (3) growth regulation, (4) blood pH regulation, 
(5) immunoregulauion, (6) hematopoiesis, (7) sexual 
differentiation (sex hormone binding), and (8) anti- 
protease activity. 

The observation of two normal infants with docu- 
mentation of congenital deficiency of AFP and pre- 
sumed prenatal deficiency on the basis of maternal se- 
rum and amniotic fluid levels suggests that AFP may 
not have been obligatory for anv of the above functions. 
However, some of these functions (.e., growth regu- 
lation) require only picomolar or nanomolar amounts 
of AFP to be effective. 

The basic defect in AFP production or regulation in 
our patients is currently unknown. However, the dif- 
ferences in the neonatal levels of AFP in these two 
infants suggest the possibility of at least two different 
mechanisms for this defect, namely gene deletion or 
decreased production. The latter may be related to de- 
fects in the two regulatory genes for AFP found in a 
mouse model, termed raf and nf. Defects in the raf gene 
have been suggested as a cause of hereditary persis- 
tence of AFP, a benign autosomal dominant trait. In 
mice, defects in the rif gene cause decreased induction 
of AFP after liver damage anc are inherited in an au- 
tosomal dominant fashion. A putative rif-like gene may 
be involved in one or both of our patients. However, 
the exact defect will require further molecular studies. 

In addition to the genetic and synthetic mechanisms 
discussed above, other possibilities for the lack of AFP 
could be considered. These might include the follow- 
ing: (1) the rapid vascular clearance of nonglycosylated 
AFP isoprotein variants, (2) glucocorticoid hormonal 
down-regulation of AFP synthesis at the transcriptional 
level (a premature extinction of AFP gene activity can 
be induced by the glucocorticoid hormone dexameth- 
asone in the developing mammalian liver), (3) possible 
presence of antibodies to AFP, and (4) increased pres- 
ence of a bound (nonimmunoreactive) form of AFP, 
noncovalently bound to a blood or tissue component, 
concomitant with a decrease in the free form. Neither 
of our patients were on corticosteroid medications or 
were known to be stressed, making the second possi- 
bility unlikely. Most of these s:tuations would probably 
lead to lower, but detectable, AFP levels. 

Given the lack of pregnancy, labor, or delivery com- 
plications and the absence of any neonatal problems, 
congenital deficiency of AFP is likely to be a benign 
trait, analogous to analbum:nemia. From a clinical 
standpoint, congenital deficiency of AFP should be in- 
cluded in the differential diagnosis of low or absent 
maternal serum or amniotic fluid AFP levels. 
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Successful pregnancy outcomes after amniotic fluid embolism 


Steven L. Clark, MD 
Salt Lake City, Utah 


Two patients who survived cardiorespiratory arrest occurring in association with amniotic fluid embolism 
syndrome were seen during the subsequent pregnancy. Both had uneventful pregnancies and delivered at 
term without complications. These are the only case reports of pregnancy after amniotic fluid embolism, 
and they support a model of amniotic fluid embolism involving chemically abnormal amniotic fluid rather 
than an unusual sensitivity to normal amniotic fluid. (Am J OBsteT GYNECOL 1992;167:511-2.)} 


Key word: Amniotic fluid embolism 


Amniotic fluid embolism syndrome is an often dev- 
astating yet incompletely understood condition char- 
acterized in its complete form by dyspnea, hypotension, 
cardiovascular collapse, and coagulopathy. Reported 
mortality hgures approach 80%.' Because of the clinical 
features, pregnancy subsequent to documented amni- 
otic fluid embolism syndrome is uncommon and to date 
has not been reported. We report here the first re- 
corded cases of successful pregnancy after documented 
amniotic fluid embolism syndrome. 


Case report 


Case I. The patient, a 37-year-old woman, gravida 
3, para 1, aborta 1, was referred for consultation. Her 
previous pregnancy 5 years before was complicated in 
the active phase of the first stage of labor by amniotic 
fuid embolism syndrome with cardiopulmonary arrest, 
disseminated intravascular coagulopathy, and cesarean 
delivery for fetal distress at term. The amniotic fluid 
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was clear. The patient was one of the study subjects 
described in a prevoius manuscript detailing the he- 
modynamic findings of patients with amniotic fluid em- 
bolism syndrome.? 

This patient desired an additional pregnancy and 
wanted information regarding risk of recurrence for 
amniotic fluid embolism syndrome and the optimal 
mode of delivery. No information was available with 
which to counsel the patient with respect to these ques- 
tions, because pregnancy after amniotic fluid embolism 
syndrome had not been previously reported. The pa- 
tient subsequently conceived, carried the pregnancy to 
term, and at her request underwent elective repeat ce- 
sarean delivery. Mother and infant did well without any 
clinical or laboratory evidence of recurrent amniotic 
fluid embolism syndrome. 

Case 2, The patient, a 25-year-old woman, gravida 
2, para 1, was referred for care at 35 weeks of gestation 
after relocating from another area. She had undergone 
primary cesarean section while she was under spinal 
anesthesia before labor for breech presentation 2 years 
previously. As the abdomen was being closed, sudden 
cardiorespiratory arrest occurred with subsequent dis- 
seminated intravascular coagulation and adult respi- 
ratory distress syndrome. Squamous cells and fetal hair 
were recovered from her sputum. She was successfully 
resuscitated. | 

The patient desired a trial of labor. She entered the 
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hospital in spontaneous labor at 39 weeks and under- 
went oxytocin augmentation for dysfunctional latent- 
phase contractions. Labor progressed rapidly and she 


underwent an outlet forceps delivery without compli- 
cations. Her postpartum course was uneventful. 


Comment 


- Although more data regarding pregnancy outcome 
subsequent to amniotic fluid embolism syndrome is de- 
sirable, these cases represent the only information cur- 
rently available. In these: two patients amniotic fluid 


embolism syndrome did not recur during either sched- ` 


uled cesarean delivery or vaginal delivery after oxy- 
tocin-augmented labor. ' 

Our understanding of the pathophysiologic charac- 
teristics of amniotic fluid embolism syndrome is incom- 
plete. However, in the primate model the infusion of 
even large amounts of normal autologous amniotic 
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fluid is clearly not pathologic; recently, an abnormal 
concentration of amniotic fluid leukotrienes has been 
implicated.’ This report supports the role of a quali- 
tatively abnormal amniotic fluid, which may be differ- 
ent in a subsequent pregnancy, as opposed to any un- 
usual maternal sensitivity to amriotic fluid per se in the 
genesis of this condition. Although any conclusions 
based on two cases must be regarded as tenuous, it 
appears that on a theoretic basis, supported by these 
two cases, repeat amniotic fluid embolism syndrome is 
probably unlikely. 
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Hepatotoxicity with the administration of nifedipine for 


treatment of preterm labor 


George F. Sawaya, MD, and Patricia A. Robertson, MD 


San Francisco, California _ 


! 


Nifedipine, a calcium channel blocker, is becoming increasingly popular as a tocolytic mecication, Previous 
reports of hepatitis associated with rifedipine in the medical literature have been published. We present 
the first case reported of a patient with preterm labor treated with nifedipine who had development of a 
concurrent elevation in serum liver enzyme levels. (Am J OssteT GYNECOL 1992;167:512-3.) 


Key words: Hepatotoxicity, nifedipine, preterm labor 
| 
We report a case in which the patient had preterm 


labor treated with nifedipine and an elevation in serum 
liver enzyme levels occurred. 


Case report | 

A 25-year-old primigtavid white woman with a 30- 
week twin gestation was admitted to Long Hospital of 
the University of California Medical Center at San 
Franciso for management of preterm labor. Twin preg- 
nancy was diagnosed at 8 weeks’ gestation after ovu- 
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lation induction with clomiphene citrate. Her prenatal 
course was complicated by frequent uterine contrac- 
tions at 29 weeks, treated with oral terbutaline. Con- 
tinued contractions with cervical change prompted ad- 
mission to our hospital for tocolysis with intravenous 
magnesium sulfate and subcutaneous terbutaline. On 
the second hospital day indomethacin was added to her 
tocolytic regimen because of difficulty in controlling the 
preterm labor but was discontinued 5 days later because 
of oligohydramnios. At that time the patient was 
weaned from intravenous magnesium sulfate to the ter- 
butaline pump. On the'eighth hospital day, because of 
increasing uterine contractions with the terbutaline 
pump alone, nifedipine was added to the tocolytic reg- 
imen at a dose of 20 mg every 4 hours. Good tocolysis 
was achieved. Mildly consistent elevated blood pres- 
sures prompted laboratory tests to rule out preeclamp- 
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sia. Of significance, aspartate transaminase (AST) was 
elevated at 141 U/L (normal 7 to 39 U/L); alanine 
transaminase (ALT) was elevated at 343 U/L (normal 2 
to 54 U/L). Complete blood ceil count with differential, 
platelet count, uric acid, total bilirubin, fibrinogen, pro- 
thrombin time, and total urinary protein values were all 
norma]. The patient felt well, denying headache, visual 
changes, abdominal pain, arthralgias, and pruritus. No 
fever, nausea, or vomiting occurred. Physical exami- 
nation was unremarkable and revealed no peripheral 
edema, hepatomegaly, or right upper quadrant tender- 
ness. She had no history of liver disease, alcohol use, 
substance abuse, or transfusion. The panel of hepatitis 
tests gave negative results. Blood pressures subsequent 
to these laboratory values normalized. 

Consultation was obtained from the gastrointestinal 
service. Monitoring of the patient’s bilirubin and pro- 
thrombin time for signs of hepatic failure was recom- 
mended, and the nifedipine was not to be discontinued 
unless either the bilirubin or the prothrombin time be- 
came elevated. Three weeks after admission the pre- 
term labor could not be controlled with the terbutaline 
pump and nifedipine. Intravenous magnesium sulfate 
was restarted, and nifedipine was discontinued. The 
next day, serum aspartate transaminase peaked at 449 
U/L and serum alanine transaminase peaked at 845 
U/L. Without nifedipine, titers of both transaminases 
steadily fell until the patient was discharged 5 days later 
at 34 weeks’ gestation; she was receiving only terbu- 
taline pump therapy after again being weaned from 
intravenous magnesium sulfate. At that time of dis- 
charge, aspartate transaminase and alanine transami- 
nase had fallen to 136 and 378 U/L, respectively. Bil- 
irubin levels and prothrombin time remained within 
the normal range. 

The patient was delivered of healthy twins at 36 
weeks’ gestation, 48 hours after discontinuation of all 
tocolytics. At the time of delivery, the aspartate trans- 
aminase (AST) level was normal at 37 U/L, and at 4 
months postpartum the aspartate transaminase level 
was normal at 20 U/L. 


Comment 


Drug-induced hepatotoxicity is not uncommon. The 
clinical implications are variable, ranging from asymp- 
tomatic elevations in transaminase levels to fulminant 
hepatitis with hepatic failure. Diagnosis is one of ex- 
clusion and is supported by rapid resolution of signs 
and symptoms after drug withdrawal. Rechallenging 
the patient with the substance and subsequent reap- 
pearance of toxic manifestations provide further con- 
firmatory evidence. ) 

Two major mechanisms, hypersensitivity and direct 
toxicity, have been implicated for the development of 
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hepatotoxicity. Hypersensitivity reactions typically ap- 
pear I to 5 weeks after exposure to the agent and are 
frequently accompanied by fever, rash, and eosino- 
philia. The reaction is unrelated to dose and is thought 
to be a secondary effect of antibodies directed against 
the drug-hapten complex. Direct hepatotoxicity is often 
dose-related and is mediated by cryptogenic mecha- 
nisms. There is an enhanced female susceptibility to 
hepatic insults in association with drugs that act by this 
mechanism. 

A review of the literature reveals six publications de- 
tailing seven case reports of hepatitis as a result of ni- 
fedipine use.' All were patients taking the drug for 
indications of hypertension or angina pectoris. The pa- 
tients described had signs and symptoms associated 
with allergic hypersensitivity. Conversely, our patient 
was asymptomatic; the elevation in transaminase levels 
was found on screening for preeclampsia. It is unclear 
whether a more classic picture of allergic hypersensi- 
tivity would have developed had she been continued 
on a regimen of nifedipine for a longer period of time. 

Our experience with calcium channel blockers for 
tocolysis is limited. Recently, Feguson et al.’ reported 
cardiovascular and metabolic effects of nifedipine in 
27 pregnant patients treated for preterm labor. In this 
study no elevations in maternal serum transaminase 
levels were reported after 24 hours of treatment with 
nifedipine. The transaminase values in these patients 
were not studied on a long-term basis. In a chart review 
of 12 patients at our hospital treated with nifedipine 
(1986 to 1991) for preterm labor, 66% were not 
screened on a periodic basis for liver function abnor- : 
malities in spite of prolonged courses of treatment (up 
to 68 days of nifedipine, average number of days on 
nifedipine 19.6). 

The safety of drugs that cause only a transient rise 
in transaminase levels is unclear. Because nifedipine 
has been implicated in frank hepatitis, the current case 
serves as a reminder of this potential significant side 
effect associated with its use. It is our contention that 
baseline and periodic liver function tests are indicated 
in the patient on a regimen of nifedipine for the treat- 
ment of preterm labor. 
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Vaginal foreign body extraction by forceps: A case report 


Kevin R. Emge, DO 
Chicago, Illinois 


Cases in which foreign bodies have been inserted into the vagina are uncommon but do occur. The 
technique and use of obstetric forceps for the extraction of an orange as a vaginal foreign body is 
described in this case report. Tucker-McLane forceps are the forceps of choice for this technique in this 


case. (AM J Osster GYNECOL 1992;167:514-5.) 


Key words: Obstetric forceps, vaginal foreign bodies, foreign body extraction 


Vaginal foreign bodies are not common but are seen 
in the practice of obstetrics and gynecology. Foreign 
objects may be inserted into the vagina as an aid to 
masturbation, sexual intercourse, or sexual assault. 
‘They may be inserted by the patient or a sexual partner. 
Many different objects have been used, including 
bones, tampons, billiard balls, thermometers, swizzle 
sticks, bottles of all types, drinking glasses, salt cellars, 
television tubes, wooden shoetrees, pencils, vibrators 
and other sexual devices, and vegetables and fruits cf 
all varieties.’ The sequelae of intravaginal foreign 
bodies includes traumatic lesions to the vagina, rectum, 
urethra or bladder; infection; stenosis; and vesicovag- 
inal, rectovaginal, or urethrovaginal fistulas. Many dif- 
ferent techniques have been used in foreign body ex- 
traction from the vagina and rectum. Obstetric forceps 
were used for extraction of a vaginal foreign body in 
the case presented here. 


Case report 


The patient, a 25-year-old white woman, gravida 4, 
para 3-0-0-3, presented with’a viable intrauterine preg- 
nancy at 28 weeks 3 days’ gestation. At approximately 
4 AM on the day of admission the patient and her in- 
toxicated husband had been engaging in sexual activity 
when he placed an orange at the perineum and sub- 
sequently in the vagina. Neither the patient-nor her 
husband could remove the orange. Later the same 
morning they were seen by the patient’s family prac- 
titioner, who was likewise unable to remove the orange. 
The physician then contacted the labor and delivery 
triage unit at the hospital for referral. On arrival at the 
hospital the patient was placed on a monitor to evaluate 
fetal well-being and to rule out any contractions. 
Screening ultrasonography revealed a viable fetus in a 
cephalic position at 28 weeks’ gestation. Also noted in 
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the longitudinal plane was the rounded vaginal foreign 
body. On pelvic examination the perineum was mini- 
mally ecchymotic, no abrasions or lacerations were 
noted, and speculum examination revealed an orange 
in the proximal vagina. Manual extraction was at- 
tempted but was abandoned because of discomfort and 
inability to apply proper traction in the needed plane. 
Because of the similar size of the orange and a small 
fetal head at term, obstetric forceps were considered 
as a possible extraction method. After signing an in- 
formed consent, the patient was taken to the delivery 
room, placed in a dorsal lithotomy position, prepped, 
and draped as for a vaginal delivery. The patient was 
given 50 mg of meperidine hydrochloride by slow in- 
travenous push and a pudendal block of 1% lidocaine 
for discomfort and to relax the perineum. The bladder 
was drained with a catheter, as is standard for all for- 
ceps procedures. Standard flat-blade Tucker-McLane 
forceps were lubricated copiously with gel and applied 
to the orange in a fashion similar to a direct occipi- 
toanterior fetal head. Gentle traction was applied, and 
the orange was extracted without discomfort to the pa- 
tient. Careful examination of ihe cervix, vagina, and 
perineum revealed no abrasions or lacerations. The 
patient was taken to the recovery room for maternal 
and fetal monitoring and subsequently discharged 
home. The orange had a circumference of 25 cm and 
a diameter of 7.8 cm. 


Comment 


Because the patient was multiparous, she had a rel- 
atively lax perineum, and the foreign body was round 
and smooth, similar to a fetal head, she was an ideal 
candidate for this type of foreign body extraction. The 
Tucker-McLane forceps was selected for the following 
reasons. First, the shanks of Tucker-McLane forceps 
are overlapping and thus cause less perineal stretching 
or trauma than Simpson forceps. This would be es- 
pecially important in using this technique in a nul- . 
liparous patient. An alternate type might be Elliott for- 
ceps. Next, the shanks of the Tucker-McLane forceps 
are extended, making it easier to reach and apply toa 
higher, more proximal foreign body. As opposed to 
standard Simpson or Elliott forceps, the Tucker- 
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McLane forceps has solid, nonfenestrated blades that 
help protect the vaginal sidewalls and perineum during 
extraction.’ As with all forceps procedures, the bladder 
should be empty and appropriate analgesia should be 
used. The pudendal block worked well in this case, but 
alternatives include regional or general anesthesia. 
General anesthesia may be more appropriate if there 
is suspicion of trauma and a more extensive repair may 
be needed, especially if there is extension into the blad- 
der, rectum, or peritoneum. 

In conclusion, this case represents the use of a com- 
mon instrument of the obstetrician-gynecologist for use 


Forceps extraction of vaginal foreign bodies 


in an uncommon situation. This technique can be 
added to other techniques for vaginal foreign body 
extraction. In selected cases it may make extraction 
easier, with less associated morbidity. 
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Leiomyomatosis peritonealis disseminata treated with a 


gonadotropin-releasing hormone agonist 


A case report 


Holly Ann Hales, BS, C. Matthew Peterson, MD, Kirtly P. Jones, MD, and 


Jeffrey D. Quinn, MD 
Salt Lake City, Utah 


To our knowledge, this is the first report of documented growth regression of leiomyomatosis peritonei 
while the patient was receiving a gonadotropin-releasing hormone agonist. This further documents the role 
of gonadal steroids in the growth of this tumor. (Am J OBsTET GYNECOL 1992;167:515-6.) 


Key words: Leiomyomatosis peritonealis disseminata, gonadotropin-releasing hormone, 


tumor regression 


Leiomyomatosis peritonealis disseminata is a rare 
condition in which multiple small nodules consisting of 
benign smooth muscle are found throughout the ab- 
dominopelvic viscera and peritoneum. Only two malig- 
nant cases have been reported.' This is the first report 
documenting decreased nodule growth with a gonad- 
otropin-releasing hormone (GnRH) agonist. 


Case report 
A 29-year-old woman, gravida 1, para 0-0-1-0, pre- 
sented with an 8-year history of intermittent and in- 
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creasing left lower abdominal pain. The pain was col- 
icky in nature and had no notable aggravating or al- 
leviating factors. The patient did not have nausea, 
vomiting, or abnormal weight loss. She did report pre- 
vious irregular bleeding and had been taking oral con- 
traceptives since 1981. In 1983 she had a cervical fibroid 
removed by curettage. Pathologic studies confirmed a 
pedunculated leiomyoma. Because of persistent ab- 
dominal complaints, the patient underwent laparos- 
copy in 1989, which revealed disseminated peritoneal 
leiomyomatosis (Fig. 1). Multiple small smooth muscle 
tumors measuring 0.5 to 2 cm in diameter were noted 
on the ovaries, oviducts, anterior and posterior cul-de- 
sac, sigmoid colon, round ligaments, uterus, small in- 
testines, and pelvic side walls. Biopsies showed the tu- 
mors to be benign. 

Because of the known association between estrogen 
and progression of this disorder, the patient was placed 
on a regimen of leuprolide acetate (Lupron), a GnRH 
agonist, 0.5 ml subcutaneously daily to shrink tumor 
implants by decreasing estrogen production. Lupron 
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Fig. 1. Disseminated peritoneal leiomyomatosis in case 1. 


therapy was administered for 6 months with notable 
hot flashes and persistent abdominal discomfort. A sec- 
ond laparoscopy was performed in June 1990. The 
lesions were significantly smaller in size; however, they 
were still present. Implants were no larger than | cm. 
Biopsies were performed and the tumors were found 
to be benign. 

Other forms of ovarian suppression medroxypro- 
gesterone acetate (Depo-Provera), megestrol acetate 
(Megace), and norethindrone (Micronor) were all tried 
over the next 6 months with notable side effects and 
continued discomfort. 

In November 1990 total abdominal hysterectomy, bi- 
lateral salpingo-oophorectomy, and appendectomy 
were performed. At surgery a return to the pre-GnRH 
appearance was noted, with multiple 0.5 to 2 cm leio- 
myomas throughout the pelvis. Pathologic sections re- 
vealed virtually identical microscopic findings with dis- 
crete nodular proliferation of relatively hypocellular 
smooth muscle. No nuclear pleiomorphism was noted, 
and there was no evidence of significant mitotic activity. 
Two months after operation the patient was reinitiated 
on a regimen of low-dose estrogen therapy. In June 
1991 a repeat laparoscopy was performed, revealing 
persistent leiomyomatosis in the pelvis, although 
greatly decreased from the time of hysterectomy, with 
leiomyomas measuring only 3 to 4 mm in diameter (Fig. 
2). In September 1991 the patient returned for follow- 
up and reported occasional right lower-quadrant pain 


Fig. 2. Decreased leiomyomatosis after therapy in case 2. 


but normal bowel function. A pelvic examination 
showed significant improvement from prior examina- 
tions. 


Comment 

This case report further confirms the association of 
estrogen with the progression of disseminated leio- 
myomatosis peritonei. This condition is believed to be 
a hormonally stimulated disease process that is usually 
found in women who are either pregnant or using hor- 
monal contraception. Oral contraception was discon- 
tinued and Lupron, a GnRH agonist, was administered 
to decrease gonadal steroid production. In this case 
regression of tumor volume was noted while the patient 
was receiving the GnRH agonist: however, no signifi- 
cant subjective improvement in the patient’s symptoms 
was noted. This condition has been reported 43 times 
with only two of the incidents (p = 0.05) demonstrating 
malignant degeneration.’ This case represents the first 
documented case of regression of tumor mass by a 


GnRH agonist. 
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A case of hidradenitis suppurativa treated with 


gonadotropin-releasing hormone agonist and by total 


abdominal hysterectomy with bilateral 


salpingo-oophorectomy 


Jan-Willem Bogers, MD, Willy Minderhoud-Bassie, MD, and 


Frans J.M. Huikeshoven, MD, PhD 
Rotierdam, The Netherlands 


We report on a patient with hidradenitis suppurativa with premenstrual exacerbations. who was treated 
successfully with total abdominal hysterectomy and bilateral salpingo-oophorectomy combined with 
estrogen substitution. As a trial, she was initially treated successfully with a gonadotropin-releasing 
hormone agonist and subsequently a gonadotropin-releasing hormone agonist in combination with 


estrogen substitution. (Am J OssteT GYNECOL 1992;167:517-8.) 


Key words: Hidradenitis suppurativa, gonadotropin-releasing hormone, hysterectomy, 


salpingo-oophorectomy 


Hidradenitis suppurativa is a chronic inflammatory 
disease of skin areas with apocrine sweat glands, es- 
pecially the axilla and the anogenital region. It is char- 
acterized by deep abscesses, healing with scar and sinus 
tract formation. There is a female preponderance, and 
in women the axilla is the most involved area. In gen- 
eral, the disease has a postpubertal onset, and most of 
the patients with a regular menstrual cycle experience 
premenstrual flares. Treatment consists primarily of 
local and systemic antibacterial measures; however, ad- 
ditional surgery is often indicated. Sometimes even to- 
tal excision of the apocrine sweat gland—bearing areas 
is warranted. However, this therapy fails in many cases. 
Treatment with isotretinoin, and hormonal treatment 
with cyproterone acetate is not entirely satisfactory. 
Treatment with oral contraceptives may benefit some 
patients; however, in some women the disease will de- 
velop while they are using the pill.’ We present a case 
in which the patient, after a successful trial with the 
gonadotropin-releasing hormone (GnRH) agonist bus- 
erelin acetate, was finally treated by total abdominal 
hysterectomy and bilateral salpingo-oophorectomy in 
combination with estrogen replacement therapy. 


Case report 


A 30-year old woman, para 0, abortus 2, was referred 
to our clinic because of premenstrual exacerbations of 
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hidradenitis suppurativa. She had hidradenitis sup- 
purativa since age 16. Medical treatment with several 
local and systemic antibacterial drugs and isotretinoin 
were all without success. She underwent surgery, in- 
cluding full-thickness skin excision and skinning vul- 
vectomy, without a satisfactory result 99 times. Hor- 
monal therapy with oral contraceptives, cyproterone 
acetate, tamoxifen acetate, medroxyprogesteron ace- 
tate depot, and oral progestogens had been tried with- 
out success. To test the possible steroid dependency of 
the disease, we prescribed the GnRH agonist buserelin 
acetate in a dose of 0.21 mg three times daily. During 
10 months of treatment the disease went into regression 
and disappeared completely. She experienced mild va- 
somotor symptoms and other signs of estrogen depri- 
vation. To test the hypothesis that the hidradenitis sup- 
purativa is steroid dependent but not estrogen depen- 
dent, we added estradiol valerate (2 mg daily) to the 
GnRH medication. The disease remained in remission ` 
during the 3 months of treatment. After this trial the 
buserelin medication was terminated, and we decided 
to treai the patient by a total abdominal hysterectomy 
and bilateral salpingo-oophorectomy combined with es- 
trogen replacement therapy with estradiol valerate. 
The operation was uneventful. Six months after sur- 
gery the patient was without complaint. 


Comment 

To the best of our knowledge this is the first report 
of hidradenitis suppurativa treated by total abdominal 
hysterectomy and bilateral salpingo-oophorectomy. In 


-one case a patient with hidradenitis suppurativa was 


reported as successfully treated with a combination of 
the GnRH agonist leuprolide acetate and dexametha- 
sone.? The authors reported giving preference to leu- 
prolide over oral contraceptives because their patient 
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suffered from ccngenital heart disease and other sys- 
temic diseases. They did not mention the planned du- 
ration of the GnRH therapy, as will be important in 
view of osteoporosis, cardiovascular disease, and un- 
kncwn sequels by long-term use of GnRH agonists. 
Oral contraceptives had been tried in our patient with- 
out success. In contrast with oral contraceptives, pro- 
gestogens, or antiandrogens, GnRH agonists suppress 
the ovaries without inducing steroids. Therefore we 
used a GnRH agonist to temporarily treat the patient 
and to predict the possible effect of bilateral oopho- 
rectomy,. A trial of GnRH in combination with estrogen 
, predicted that, for this patient, hormonal replacement 
therapy after total abdominal hysterectomy and bilat- 
eral salpingo-oophorectomy was feasible. Further study 
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is needed to find the place of GnRH or hysterectomy 
with bilateral salpingo-oophorectomy in patients with 
persistent hidradenitis suppurativa. Although not 
proved, our trials suggest that progesterone may be a 
major cause in the development of hidradenitis sup- 
purativa. So, when available, artiprogesterones may 
play a role in the treatment of hidradenitis suppurativa. 
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Autonomic nervous system regulation of baseline heart rate in 


the fetal lamb 


Akihiko Wakatsuki, MD, Yuji Murata, MD, Yuko Ninomiya, MD, Naoki Masaoka, MD, 


James G. Tyner, MD, and Krishna K. Kutty 
Orange, California 


OBJECTIVE: We examined 29 chronically instrumented fetal lambs from 125 to 143 days’ gestation to 
investigate the effects of fetal behavioral states and autonomic nervous system maturation on baseline 


fetal heart rate. 


STUDY DESIGN: Behavioral states were defined from electrocorticographic analysis as low-voltage fast 
activity or high-voltage slow activity. Decrease and increase in baseline fetal heart rate subsequent to 
administration of propranolol and methylatropine represented B-sympathetic and parasympathetic activity. 
RESULTS: Baseline fetal heart rate decreased with gestation in both states, with steeper regression in 
low-voltage fast activity (p < 0.001). Positive correlation was noted between gestational age and percent 
decrease baseline fetal heart rate in both states with steeper regression in high-voltage slow activity 

_(p < 0.001), and between gestational age and percent increase baseline fetal heart rate with steeper 
regression in low-voltage fast activity (p < 0.001). Fetal heart rate 8-sympathetic and parasympathetic 
tones increased with age in both states, with elevation of B-sympathetic tone in high-voltage slow activity 


and parasympathetic tone in low-voltage fast activity. 


CONCLUSION: Sympathetic and parasympathetic systems influence baseline fetal heart rate in these 
behavioral states and with age. (Am J OssTet GYNECOL 1992;167:519-23.) 


Key words: Baseline fetal heart rate, B-sympathetic tone, parasympathetic tone, fetal lamb, 


behavioral state, gestational age 


Baseline fetal heart rate (FHR) declines with gesta- 
tional age in the human fetus':? and fetal lamb.® Schif- 
ferli and Caldeyro-Barcia‘ attribute this decline to ma- 
turing vagal parasympathetic functional control. 
Others report that baseline FHR is consistently higher 


in the high-voltage slow activity behavioral state than’ 


in the low-voltage fast activity state.*>’ Using a-sympa- 
thetic and B-sympathetic blockades, Zhu and Szeto’ 
concluded that the changes in baseline FHR relative to 
behavioral states were determined uniquely by sym- 
pathetic activity. The regulation mechanisms of these 
fetal cardiovascular changes, especially the interaction 
of fetal behavioral states and autonomic nervous mat- 
uration on baseline FHR, remains unidentified. Our 
study investigated these control mechanisms at differ- 
ent gestational ages and behavioral states. 
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Material and methods 


Surgical preparation. Twenty-nine chronically in- 
strumented fetal lambs between 125 and 143 days’ ges- 
tation from time-mated, cross-bred Columbia-Ram- 
bouillet ewes were used in this study. Sheep gestation 
averages 145 days. All animals were maintained in a 
facility approved by the American Association for the 
Accreditation of Laboratory Animal Care and in ac- 
cordance with Guide for the Care and Use of Laboratory 
Animals and met the standards of care of the U.S. De- 
partment of Agriculture. Before implementation re- 
search protocols were approved by the Animal Re- 
search Committee at the University of California, 
Irvine. ; 

After 24 hours of food and water withdrawal anes- 
thesia was induced with xylazine (Rompun) 12 to 14 
mg administered intramuscularly. Lidocaine 1% was 
used locally as needed. The uterus was exposed with a 
midline abdominal incision. The fetal head was deliv- 


ered through a uterine myemetrial incision and cov- 


ered with a surgical glove filled with warm saline so- 
lution. Bilateral electrodes were sutured under the skin 
in the fetal chest wall for electrocardiography. Paired 
stainless steel electrodes (ethylcyanoacrilate, Loctite 
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Corp., Newington, Conn.) were placed and cemen:ed 
bilaterally in the fetal parietal skull for electrocorticog- 
raphy. The instantaneous FHR was obtained from the 
R-R interval of the electrocardiogram. Polyvinyl cath- 
eters were inserted into the fetal carotid artery, jugular 
vein, and trachea. The procedures were performed 
carefully to avoid disturbing the fetal vagal nerve. An 
open-end catheter was retained in the amniotic cavity, 
and additional catheters were placed in the maternal 
femoral artery and vein. ‘All electrodes and catheters 
were exteriorized to the flank of the ewe. 

Experimental protocol. The animals were main- 
tained in an air-conditioned room and given free access 
to food and water. For 3 to 4 days after surgery the 
mother and fetus received ampicillin (200 mg/kg/day 
intravenously) and gentamicin (6 mg/kg/day intrave- 
nously), and ampicillin (1 gm/day) was administered :c 
the amniotic cavity. Maternal and fetal arterial pH, 
blood gases, and hematocrits were checked daily. For 
pH and gas determinations approximately 0.6 ml ar- 
terial blood was collected anaerobically and measured 
(Corning pH/Blood Gas Analyzer, Model 168 BGA, 
Ciba Corning Diagnostic Corp., Medfield, Mass.) at 
37° C. Fetal well-being was determined by the following 
criteria: pH >7.30. Po, >16 mm Hg, hematocrit >30%. 
Fetal arterial blood pressure, FHR, electrocorticogram., 
tracheal pressure, intrauterine pressure, and maternal 
blood pressure were continuously monitored on an &- 
channel rectilinear recorder (Beckman Model R612, 
Sensor Medics Corp., Anaheim, Calif.). Animals that 
demonstrated interpretable electrocorticogram were 
selected for this study. Fetal behavioral states were an- 
alyzed from the electrocorticogram for low-voltage fast 
activity and high-voltage slow activity. Experiments 
were performed after allowing =5 days of postopera- 
tive recovery. All experiments were carried out betweer. 
9 AM and 5 pm with the ewe standing or lying 
quietly. 

In 10 fetal lambs between 125 and 148 days’ gestation 
base:ine FHR was assessed under normal physiologic 
conditions in the low-voltage fast activity and high-volt- 
age slow activity behavioral states. Baseline FHR was 
measured after FHR was stable for at least 10 minutes 
in which uterine contractions were absent. A set of ob- 
servations during adjacent low-voltage fast activity and 
high-voltage slow activity was obtained every day after 
fetal well-being was confirmed. The average duration 
of observation per fetus was 6.3 days and the average 
number of observations per animal was 12.6. 

In 10 fetal lambs between 126 and 143 days’ gestation 
saline solution was infused via the fetal jugular vein at 
4.0 ml per hour for a 2-hour' control period. The fetus 
then received an intravenous priming dose of pro- 
pranolol (1.0 mg, 1 ml) followed by propranolol infu- 
sion (2.0 mg/hr, 4.0 ml/ hr} for 2 hours to block B- 


sympathetic control of the heart rate. Baseline FHR 
$ 
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was obtained in low-voltage fast activity and high-volt- 
age slow activity states during control and propranolol 
periods. The percent decrease in baseline FHR between 
control and propranolol periods was calculated as an 
index of FHR B-sympathetic tone. Completeness of the 
B-blockade was indicated by the absence of cardiac ac- 
celeration response to an injected B-agonist (isoproter- 
enol 2.0 ng/kg estimated fetal weight). The experiment 
was repeated on the same fetuses in 2 to 5 days, con- 
firming complete recovery from the blockade. The av- 
erage number of experiments per fetus was 4.5. 

In nine fetal lambs between 127 and 143 days’ ges- 
tation a 2-hour control period was followed by meth- 
ylatropine (200 pg/kg estimated fetal weight intrave- 
nously) for blockage of the parasympathetic control of 
the heart rate. The methylatrcpine dose was deter- 
mined in preliminary experiments. Baseline FHR was 
measured in the low-voltage fast activity and high-volt- 
age slow activity states during the control period and 
subsequent to methylatropine administration. The 
percent increase of baseline FHR from control to 
methylatropine periods was taken as representing FHR 
parasympathetic tone. Completeness of methylatropine 
blockade was evidenced by the absence of deceleration 
response to norepinephrine (4 pg/kg estimated fetal 
weight). The effect of the blocking dose in our study 
lasted for =3 hours. The experiment was repeated on 
the same fetuses in 2 to 5 days, conhrming complete 
recovery from the blockade. The average number of 
experiments per fetus was 4.5. 

Data analysis. Regression lines were determined by 
the least squares method. The regression slopes were 
compared by ¢ test regression analysis.” Statistical sig- 
nificance was accepted at p < 0.05. 


Results 

Figure 1 shows the normal phvsiologic relationship 
of fetal gestational age and baseline FHR in low-voltage 
fast activity (LVFA) and high-voltage slow activity 
(HVSA). Baseline FHR in both behavioral states de- 
creased with gestational age. The regression equations 
for baseline FHR (BFHR) versus gestational age (GA) 
are as follows: 


LVFA: 


BFHR = —4.47(GA) + 745.97 (r = 0.79, 
n = 126, p < 0.001) 
HVSA: BFHR = —2.44(GA) + 488.84 (r = 0.47, 


n = 126, p < 0.001) 


The low-voltage fast activity slope (—4.47) was signif- 
icantly less (p < 0.001) than that of the high-voltage 
slow activity slope (— 2.44). 

Figure 2 shows the influence of gestational age on 
baseline FHR response to B-sympathetic blockade with 


| propranolol infusion in the low-voltage fast activity and 


high-voltage slow activity states. A positive correlation 
was found between gestational age and percent de- 
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Fig. 1. Relationship between baseline FHR (BFHR) and gestational age in low-voltage fast activity 


(LVFA) and high-voltage slow activity (HVSA) states. 


crease (% dec) in baseline FHR in both states. The 
regression equations follow: 


LVFA: % dec BFHR = 0.54(GA) — 62.86 (r = 0.50, 
n = 45, p < 0.001) 

HVSA: % dec BFHR = 0.97(GA) — 115.42 (r = 0.65, 
n = 45, p < 0.001) 


The high-voltage slow activity slope (0.97) was signifi- 
cantly steeper than the low-voltage fast activity (0.54) 
(p < 0.001). 

Figure 3 shows the relationship of gestational age and 
FHR response to parasympathetic blockade with meth- 
ylatropine. The percent increase (% inc) in baseline 
FHR from control to methylatropine periods during 
low-voltage fast activity and high-voltage slow activity 
is illustrated. In both behavioral states the response 
increased with gestational age. The regression equa- 
tions follow: 


LVFA: % inc BFHR = 1.94(GA) — 243.28 (r = 0.73, 
n = 30, p < 0.001) 

HVSA: % inc BFHR = 1.01(GA) — 129.59 (r = 0.64, 
n = 30, p < 0.001) 


The low-voltage fast activity slope (1.94) was signif- 
cantly steeper (p < 0.001) than the high-voltage slow 
activity (1.01). 


Comment 


Baseline FHR is regulated by the combined efforts 
of both intrinsic and extrinsic factors. The extrinsic 


factors are primarily the sympathetic and parasympa- 
thetic limbs of the autonomic nervous system. 

The effects of the autonomic nervous system on base- 
line FHR in different behavioral states and gestational 
ages were assessed. Most previous studies used atropine 
sulfate to evaluate parasympathetic tone on FHR"; 
however, atropine sulfate has been reported to alter 
sleep behavior. Animals that received atropine sulfate 
did not show desynchronized sleep for several hours, 
and the desynchronized sleep that ultimately appeared 
was markedly modified." For our study methylatropine 
was used as a parasympathetic blockade. This substance 
is much less lipid soluble and does not appear to act 
centrally.’* 16 According to Guazzi et al.,’° methylatro- 
pine (1 mg/kg) could be administered intravenously 
without any apparent sleep disturbance.” 

In our study methylatropine 200 mg/kg estimated 
fetal weight was determined by prior experiments to 
be the appropriate dose. Complete parasympathetic 
block was obtained for =3 hours with no effect upon 
low-voltage fast activity— and high-voltage slow activ- 
ity~cycling behavior. For the evaluation of autonomic 
nervous system effects on FHR, the sympathetic and 
parasympathetic blocking agents were not studied to- 
gether. Twenty-four hours were allowed between tests 
for recovery of homeostasis. The percent decrease in 
baseline FHR subsequent to propranolol infusion and 
the percent increase in baseline FHR subsequent to 
methylatropine injection were calculated as represent- 
ing FHR B-sympathetic and parasympathetic tone, re- 
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Fig. 2, Relationship between percent decrease in baseline FHR (BFHR) and in low-voltage fast activity 
(LVFA) and high-voltage slow activity (HVSA) states after propranolol. 
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Fig. 3. Relationship between percent increase in baseline FHR (BFHR) and gestational age in low- 
voltage fast activity (LVFA) and high-voltage slow activity (HVSA) states after atropine. 


spectively. The percent decrease in baseline FHR 


increased with gestational age, and the slope of the 
regression line was steeper in the high-voltage slow ac- 
tivity state. These data indicate that FHR B-sympathetic 
tone increases with gestational age and is greater in the 


high-voltage slow activity state. The difference be- 


tween low-voltage fast activity and high-voltage slow 
activity sympathetic tone also increased with gestational 
age. 

The percent increase in baseline FHR rose with ges- 
tational age, and the regression line slope was steeper 
during the low-voltage fast activity state. These results 
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indicate that FHR parasympathetic tone increases with 
gestational age. FHR parasympathetic tone was higher 
in low-voltage fast activity, and the difference between 
states increased with gestational age. 

A number of studies have reported conflicting results 
about the autonomic system influence on FHR. The 
existence of adrenergic cardiovascular function in the 
fetal lamb as early as 85 days’ gestation was demon- 
strated by bradycardia response to propranolol.” Para- 


sympathetic cardiac function in the fetal lamb at 60 . 


days’ gestation was shown by vagally driven heart rate 
slowing.'' Nuwayhid et al.’? reported that parasympa- 
thetic tone on resting heart rate in the fetal lamb was 
feeble at <130 days and sympathetic tone was constant 
throughout gestation. Walker et al.° found a progressive 
increase in parasympathetic tone and decrease in sym- 
pathetic tone toward term in the fetal lamb.’ Vapa- 
avouri et al. reported that parasympathetic tone is 
fully developed by 120 days’ gestation in the fetal lamb 
and that sympathetic tone increased from 101 days on. 
Other studies have reported that sympathetic influence 
upon FHR is significant’* or minor.’? In our study ges- 
tational age correlated positively with increased sym- 
pathetic and parasympathetic tone from 85% of ges- 
tational period to term. These results demonstrate that 
autonomic effects on FHR develop markedly during 
the last 15% of gestation in the fetal lamb. Assali et al." 
concluded that sympathetic tone becomes active earlier 
than parasympathetic tone, and Walker et al.° showed 
a decrease of sympathetic influence toward term that 
resulted from a strong increase in parasympathetic ac- 
tivity. They did not, however, consider differences as- 
sociated with behavioral states. In our study FHR sym- 
pathetic tone was more notable during high-voltage 
slow activity and parasympathetic tone more pro- 
nounced during low-voltage fast activity. Thus each be- 
havioral state has unique autonomic effects upon FHR. 

It would appear that FHR in the absence of auto- 
nomic effector action declines progressively with ges- 
tational age and that this may be a function of increased 
cardiac muscle mass and cardiac work. In our study we 
conclude that with behavioral state changes shifts in 
relative magnitudes of the simultaneous parasympa- 
thetic inhibitory and sympathetic acceleratory influ- 
ences modulate the basal or intrinsic heart rate. During 
the low-voltage fast activity state increases in parasym- 
pathetic activity and decreases in sympathetic activity 
result in lower baseline FHR. On the other hand, dur- 
ing high-voltage slow activity state sympathetic activity 
increases and parasympathetic activity decreases so that 
baseline FHR rises. 


We thank Lanie M. Adamson, MS, for editorial as- 
sistance in the preparation of the manuscript. 
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Interferon-y receptors on human gestational choriocarcinoma 
cell lines: Quantitative and functional studies 


Vilmos Fulop, MD, Michael A. Steller, MD, Ross S. Berkowitz, MD, and 


Deborah J. Anderson, PhD 
Boston, Massachusetts 


OBJECTIVES: This study was performed to further define the effects of interferon-y on choriocarcinoma 
cell lines and to determine whether variations in response among cell lines are attributable to quantitative 


differences in interferon-y receptors. 


STUDY DESIGN: Interferon-y receptors were quantified on BeWo, JEG-3 and Jar choriocarcinoma cell 
lines by a radiolabeled interferon-y ligand binding assay. The response of these cell lines te interferon-y 
was measured in two functional assays: a cell proliferation assay and a cell lysis assay after exposure to 


interferon-y with and without actinomycin-D. 


RESULTS: The number of interferon-y receptors on BeWo, Jar, and JEG-3 cells did not differ significantly 
(659, 560, and 420 interferon-y receptors per cell, respectively). Proliferation of all three choriocarcinoma 
cell lines was significantly inhibited to a similar extent by interferon-y. Aiter treatment with interferon-y 
actinomycin-D, each choriocarcinorma cell line exhibited dose-dependent Cell lysis; lysis of Jar was 


significantly less than that of either BeWo or JEG-3. 


CONCLUSION: These data further document variations in the response of choriocarcinoma cell lines to 
interferon-y and indicate that these differences are not the result of interferon-y receptor number but of 
postreceptor mechanisms. (Am J Ospstet GYNECOL 1992;167:524-30.) 


Key words: Interferon-y, receptors, choriocarcinoma 


Gestational choriocarcinoma is unique both clinically 
anc biologically. Choriocarcinoma is remarkably cur- 
able with chemotherapy even in the presence of wide- 
spread metastases." °? Furthermore, because choriocar- 
cinoma cells express genes of paternal origin, chorio- 
carcinoma is at least a partial allograft. The dramatic 
curability of this tumor may be attributable in part to 
a host immunologic response. The presence of drug- 
resistant choriocarcinoma may be related to patient- 
partner histocompatibility.* * The prognosis of patients 
with choriocarcinoma has been correlated with the in- 
tensity of lymphocytic infiltration at the tumor-host in- 
terface." $ 

Immunologically competent T lymphocytes secrete a 
variety of cytokines, including interferon-y when an- 
tigenically stimulated. Interferon-y has been previously 
demonstrated to enhance class I human leukocyte an- 
tigen expression in some choriocarcinoma cell lines and 
to inhibit choriocarcinoma cellular proliferation in vi- 
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tro.”® Interferon-y may therefore be an important me- 
diator of host immune defense against choriocarcinoma 
cells. Although interferon-y enhanced expression of 
class I major histocompatibility complex in BeWo and 
JEG-3 choriocarcinoma cell lines, it did not in the Jar 
choriocarcinoma cell line.” Therefore choriocarcinoma 
cell lines may be heterogeneous in their response to 
interferon-y. 

Our study was undertaken to further document dif- 
ferences between the choriocarcinoma cell lines in their 
response to interferon-y and tc determine whether 
variations in responsiveness of choriocarcinoma cell 
lines are attributable to differences in interferon-y re- 
ceptor number or postreceptor mechanisms. Inter- 
feron-y receptors were quantifiec on choriocarcinoma 
cell lines by radiolabeled ligand binding assay; physi- 
ologic responses to interferon-y were determined by 
two assays: measurement of cell proliferation after ex- 
posure to interferon-y and cell lysis after exposure to 
interferon-y with and without the addition of actino- 
mycin-D to block internal protein lytic defense mech- 
anisms.'° 


. Material and methods 
Cell lines and growth conditions. WISH cells (a hu- 
man amnion cell line) and choriocarcinoma cell lines 
(Jar, JEG-3, Be Wo) were obtained “American Type Cul- 
ture Collection, Rockville, Md.). NIH/3T3 cells (a 
mouse fibroblast cell line) were kindly provided by Dr. 
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Timothy Bestor, Harvard Medical School. WISH cells 
were grown and maintained in tissue culture medium 
containing Eagle’s minimal essential medium (GIBCO, 
Grand Island, N.Y.) supplemented with 15% heat-in- 
activated fetal calf serum, L-glutamine (2 mmol/L), 
penicillin G sodium (100 U/ml), streptomycin sulfate 
(100 pg/ml), and 0.25 pg/ml amphotericin B (minimal 
essential medium—tissue culture medium). Choriocar- 
cinoma cells were maintained in tissue culture medium 
consisting of Roswell Park Memorial Institute (RPMI) 
1640 medium (GIBCO) containing 10% fetal calf se- 


rum, L-glutamine, penicillin G, streptomycin, and am- | 


photericin B in the above-mentioned concentrations 
(RPMI—tissue culture medium). NIH/3T3 cells were 
cultured in high glucose Dulbecco’s modified Eagle me- 
dium with 10% fetal calf serum and antibiotics (Dul- 
becco’s modified Eagle medium-—tissue culture me- 
dium). Cells were maintained as exponentially growing 
monolayer cultures at 37° C in a humidified atmosphere 
of 5% co, and 95% air. They were routinely split twice 
or three times a week and were free from contamina- 
tion with Mycoplasma (Hoechst 33258 stain fluorescence 
negative). 

Interferon y. Recombinant human interferon-~y (spe- 
cific activity: 2.5 x 10’ half maximal U/mg protein) was 
obtained (Genzyme, Boston). The purity of this prep- 
aration was certified by the manufacturer to be 99%. 
It was reconstituted with RPMI 1640 medium (10° 
U/ml) and stored at — 70° C. Interferon-y was diluted 
in RPMI-tissue culture medium before its use in the 
cytolytic assay. Recombinant human interferon-y (New 
England Nuclear, Boston)" was radioiodinated by the 
Bolton-Hunter technique to a specific activity of 70 
wCi/ ug. 

Actinomycin-D. The stock solutions of actinomycin- 
D (Sigma Chemical Co., St. Louis), were prepared 
weekly in RPMI 1640 medium containing supplements 
and kept in the dark at 4° C. 

IFN-y cell binding experiments. Human gestational 
choriocarcinoma cells (Jar, JEG-3, BeWo), WISH cells 
(positive control cells), and mouse 3T3 cells (negative 
control cells) were seeded into 35 mm 6-well tissue cul- 
ture plates (Corning, N.Y.) in 1 ml appropriate tissue 
culture medium (0.7-1 x 10° cells/well) and allowed to 
grow 24 to 48 hours until the cultures reached conflu- 
ence (approximately 1.5 x 10°/well). For saturation- 
binding studies, monolayers were washed twice with 
appropriate cold tissue culture medium and then in- 
cubated for 4 hours at 4° C or for 1 hour at 37° C with 
increasing concentrations (0.0036 nmol/L to 0.118 
nmol/L) of iodine 125—labeled interferon-y in 1 ml 


tissue culture medium. After incubation the binding 


reaction was terminated by aspirating the tissue culture 
medium and washing the wells carefully six times with 
cold tissue culture medium. The cells were detached 
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with trypsin and counted on a hemacytometer; their 
radioactivity was counted in a gamma counter (Phar- 
macia LKB Nuclear, Gaithersburg, Md.). Cell viability 
was assayed by the trypan blue exclusion test. The con- 
centration of ligand necessary for receptor saturation 
for each cell line was determined. To assess binding 
specificity, competitive binding assays were performed 
by incubating the cells for 4 hours at 4° C with 
3] interferon-y (0.012 nmol/L in 1 ml tissue culture 
medium), together with various concentrations (0.012 
nmol/L to 6.2 nmol/L) of cold interferon-y. The cells 
were ther. washed with Roswell Park Memorial Insti- 
tute, detached, and counted as above. Nonspecific bind- 
ing, defined as counts remaining in the presence of 
500-fold excess cf unlabeled interferon-y, was sub- 
tracted from all readings, and the remaining counts 
were defined as specific binding. Nonspecific binding 
was <10% of total binding. The affinity constant and 
the number of receptors were calculated from the bind- 
ing curves by Scatchard analysis." 

The cytolytic assay. The cytolytic assay used in these 
experiments is a modification of the techniques pre- 
viously described by Massad et al.’ In these experi- 
ments 200 wl of choriocarcinoma cell suspension 
(5 x 10* cells/ml RPMI—-tissue culture medium) were 
seeded in 96-well, flat-bottomed remove-a-cell plates 
(Dynatech Laboratories, Inc., Chantilly, Va.) that had 
been precoated with laminin (Sigma, St. Louis). Cells 
were allowed to adhere to culture wells for 18 to 20 
hours. The tissue culture medium was aspirated, the 
wells were washed once in RPMI and then 100 pl of 
interferon-y dilution (10 to 10,000 units in 1 ml of 
RPMI-—tissue culture medium) were added in triplicate. 
Control triplicate wells were plated simultaneously and 
incubated in RPM1I—tssue culture medium alone. After 
16 hours of incubation at 37° C, in 5% carbon dioxide, 
the cells were labeled with 100 pl of RPMI-—tissue cul- 
ture medium containing 75 wCi/ml sodium chromate 
51 (New England Nuclear) in each well. After an ad- 
ditional 8 to 10 hours of incubation in a humidified 
chamber at 37° Cin 5% carbon dioxide, the supernatant 
was aspirated and each well was washed five times in 
RPMI. 100 pl of RPMI-—tissue culture medium were 
then added to each well and another 100 pl of RPMI- 
tissue culture medium containing 2 X 107° mol/L ac- 
tinomycin-D were added to the experimental wells. 
Control wells only received 100 ul of RPMI—tissue cul- 
ture medium. After 24 hours of incubation at 37° C in- 
a humidified atmosphere of 5% carbon dioxide and 
95% air, the plates were centrifuged at 40g for 4 min- 
utes, and a 100 wl aliquot of supernatant was removed 
from each well and counted in a gamma counter. Total 
incorporation was determined by counting the radio- 
activity of 2.5 x 10* cells cpm. Spontaneous *'Cr release 
was measured in wells that were not pretreated with 
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Fig. 1. Binding of !”I-interferon-y (IFN-y) to Jar cells at 4° C and 37° C. 
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Fig. 2. Binding of ]-interferon-y (IFN-y) to WISH cells, gestational choriocarcinoma cells (Jar, 


JEG-3, BeWo), and mouse 3T3 cells at 4° C. 


interferon-y. Each assay was set up in triplicate, and 
the percentage of specific lysis ('Cr release) was ca- 
culated as follows: 


} 


Percent specific lysis = 


cpm *'Cr (experimental) — cpm *'Cr (spontaneous) 


cpm *'Cr (total) — cpm *'Cr (spontaneous) 


The data were expressed as a mean percentage of spe- 
cific lysis. | 

Tritiated thymidine incorporation assay. The triti- 
ated thymidine incorporation assay with JAR and BeWo 
choriocarcinoma cell lines was performed as previously 
described from our laboratory.’ 

Statistical analysis. For radio-receptor and cytolytic 
assays, data were analyzed, with Statview IJ statistical 
software on a Macintosh SE/30 computer. Differences 


among groups were determined by two-way analysis of 
variance followed by Fisher’s protected least significant 
difference post-hoc testing. 


Results 


Characteristics of interferon-y binding and bind- 
ing-site competition. The bindirg of radiolabeled in- 
terferon-y to Jar cells was dose-dependent and reached 
saturation by 4 hours at 4° C and by 1 hour at 37° C. 
The amount of cell-associated interferon-y was greater 
(p < 0.05) at 37° C (Fig. 1), possibly because of inter- 
nalization of ligand. To standardize the data, subse- 
quent binding assays were performed at 4° C for 4 
hours. The binding of '*I-interferon-y varied among 
the cell lines tested, with WISH cells binding the most 
interferon-y (p < 0.05). The mouse 3T3 cells had no 
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Fig. 3. Scatchard analysis of '°J-interferon-y binding to WISH and choriocarcinoma cell lines. R°2, 


Regression coefficient. 


specific interferon-y binding capacity, confirming the 
species specificity of this reaction (Fig. 2). 

Scatchard analysis of the saturation curves showed a 
linear dependency (Fig. 3). These data indicate that 
there is a single type of high-affinity interferon-y re- 
ceptor on the human choriocarcinoma cell lines used 
in this study. Extrapolation toward the abscissa of the 
values at low interferon-y concentrations gave a value 
of 1300 interferon-y receptors per WISH cell with an 
affinity constant of 5.9 x 107’? mol/L.” The same anal- 
ysis revealed 650 interferon-y receptors per BeWo cell, 
560 interferon-y receptors per Jar cell, and 420 inter- 
feron~y receptors per JEG-3 cell, with affinity constants 
in the range of 3.3 to 4.9 x 10°" mol/L. The differ- 
ences in interferon-y receptor numbers and affinity 
constants on the choriocarcinoma cell lines were not 
Statistically significant (p > 0.05). 

To establish the specificity of binding of !*I-inter- 
feron-y to choriocarcinoma cells a cold-competition as- 
say was performed with the JEG-3 cell line. Unlabeled 
(cold) interferon-y competitively inhibited the binding 
of '*I-interferon-y to JEG-3 cells in a dose-dependent 
manner, confirming binding specificity. The binding of 
'°T-interferon-y could be completely inhibited by a 50- 
fold excess of unlabeled interferon-y (Fig. 4). The spe- 
cific binding represented approximately 90% of the 
total counts bound. 

Induction of lytic activity by interferon-y on cho- 
riocarcinoma cell lines. The effects of various concen- 


trations (10 to 10,000 U/ml) of interferon-y alone, 107° 
mol/L actinomycin-D alone and the combination of in- 
terferon-y and actinomycin-D were evaluated. The 
concentration of actinomycin-D was chosen based on 
prior reports describing the effect of actinomycin-D 
and interferon-y on cervical carcinoma cell lines.'° 
Spontaneous *'Cr release was <14% for BeWo, <11% 
for Jar, and <6% for JEG-3 cells. No significant lysis 
was observed in response to interferon-y alone at any 
concentration studied. The addition of actinomycin-D 
alone resulted in an increase in spontaneous chromium 
release with a low level of lysis. When interferon-y was 
used in combination with actinomycin-D, marked en- 
hancement of cell lysis was noted. This specific cell lysis 
was dependent on the concentration of interferon-y 
used. Fig. 5 depicts a representative experiment where 
cells were pretreated for 24 hours with varying con- 
centrations of interferon-y. At interferon-y = 100 
U/ml a dose-dependent increase in cell lysis was ob- 
served in the presence of 10-8 mol/L actinomycin-D in 
all three choriocarcinoma cell lines. However, the 
amount of cell lysis in the Jar cell line in the presence 
of actinomycin-D-interferon-y was significantly less 
than that observed with the other choriocarcinoma cell 
lines (p < 0.05). Concentrations of interferon-y <100 
U/ml with 10-7 mol/L actinomycin-D caused the same 
low level of cell lysis as 107° mol/L actinomycin-D only. 

Inhibition of proliferation of choriocarcinoma cell 
lines by interferon-y. Proliferation in the Jar and 
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Cold interferon-y (ng / ml) 


Fig. 4. Competitive inhibition of '*I-interferon-y (IFN-y) (0.21 ng/ml) binding to JEG-3 choriocar- 


cinoma cells by cold interferon-y. 


Be'Wo choriocarcinoma cell lines was significantly in- 
hibited by interferon-y 2% and 34% inhibition at 
1060 U/ml, and 43% and 47% inhibition at 20,000 
U/ml [p < 0.05)). | 


Comment 


Interferon-y is an important immunoregulatory cy- 
tokine produced by activated T cells and natural killer 
cells and plays an integral role in promoting specific 
mechanisms of host defense. Interferon-y also regu- 
lates the production and activities of other immunc- 
modulatory cytokines produced by macrophages and 
T cells such as tumor necrosis factor and certain inter- 
leukins."* In addition, interferon-y produces antipro- 
liferative effects in sensitive normal and neoplastic cells 
and is the major cytokine responsible for regulating 
expression of immunologically important cell surface 
determinants such as class I and II antigens of the 
major histocompatibility complex." 

We and others have previously demonstrated tha: 
class I human leukocyte antigen expression is up-reg- 
ulated after exposure to interferon-y in BeWo (the par- 
ent line of JEG-3'°) and JEG-3 choriocarcinoma cell 
lines, but not Jar.”°® This variation in response to in- 
terferon-y may be attributable to differences in signa. 
transduction pathways or other postreceptor mecha- 
nisms. ‘To determine whether the variation in response 
to uterferon-y is unique to human leukocyte antigen 
expression, we used two different functional assays to 
further study the effects of interferon-y in various cho- 
riocarcinoma cell lines, The interferon-y cell lysis assay 
entailed the use of a protein synthesis inhibitor, acti- 
nomycin-D, which impairs a natural defense mecha- 
nism against cell lysis.” None of the choriocarcinoma 


i 


cell lines demonstrated lysis in the presence of inter- 
feron-y alone in concentrations ranging from 10 to 
10,000 U/ml. In contrast, when incubated with acti- 
nomycin-D all three choriocarcinoma cell lines exhib- 
ited a dose-dependent increase in cell lysis with increas- 
ing concentrations of interferon-y. However, the Jar 
cell hne exhibited significantly less cell lysis with the 
actinomycin-D—interferon-y combination than either 
BeWo or JEG-3 at concentrations of interferon-y of 
=100 U/ml. The Jar cell line is therefore sensitive to 
lytic effects of interferon-y but at a significantly lower 
level than the BeWo and JEG-3 cell lines. The tritiated 
thymidine incorporation studies performed in the cur- 
rent investigation and previously? indicated that pro- 
liferation is inhibited to a similar extent by interferon- 
yin all three choriocarcinoma cell lines. 

Interferon-y induces its biologic effects by interacting 
with a specific interferon-y receptor expressed at the 
target cell surface. The human interferon-y receptor 
is an integral membrane glycoprotein with N-linked 
carbohydrates containing an extracellular ligand-bind- 
ing domain with intramolecular disulfides necessary for 
ligand binding.” The amino acid sequence of the hu- 
man interferon-y receptor displavs no resemblance to 
known proteins and does not belong to any of the 
known receptor families.” Unlike other inducible re- 
ceptors for lymphokines, expression of interferon-y re- 
ceptors appears to be constitutive and is not influenced 
by agents inducing differentiation or by activation of 
cellular proliferation. Furthermore, receptor numbers 
do not substantially change during the cell cycle.” Un- 
der equilibrium conditions interferon-y sensitive cells 
with high receptor numbers require proportionally 
lower interferon-y concentrations to achieve sufficient 
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Fig. 5. Lytic effect of interferon-y alone and in combination with actinomycin-D on three chorio- 
carcinoma cell lines. Asterisk, Significantly greater percent cytotoxicity as compared with interferon- 


y alone and actinomycin-D alone (p < 0.05). 


receptor occupation-internalization for triggering a re- 
sponse as compared with cells with low receptor num- 
bers. Together with the concentration of interferon-y, 
the number of expressed receptors is critical for the 
induction of response. During the past few years a sin- 
gle class of high-affinity interferon-y receptor has been 
demonstrated on a wide variety of cell types. The 
mechanisms of postreceptor signal transduction by in- 
terferon-y have not been clearly elucidated. 

Human placenta is a rich source of interferon-y 
receptor", however, interferon-y receptors have not 
previously been demonstrated on gestational chorio- 
carcinoma cells. Using’**I-interferon-y with a high spe- 
cific activity, we demonstrated that a receptor specific 
for human interferon-y exists on gestational chorio- 
carcinoma cells. The interferon-y ligand bound with 
high affinity and in a highly specific and saturable man- 
ner to all three choriocarcinoma cell lines used in this 
study. The maximum binding capacity of 'I-inter- 
feron-y at 37° C was found to be nearly one and one 
half times more than measured at 4° C. The increased 
binding capacity at 37° C could be caused by de novo 
synthesis of additional interferon receptors; internali- 
zation of interferon receptors, or conformational 
changes of receptor or ligand molecules. There was no 
significant difference between the receptor numbers of 
BeWo, Jar, and JEG-3 lines; therefore the differing 
physiologic responses of choriocarcinoma cells to in- 
terferon-y in human leukocyte antigen induction and 
lysis assays are not the result of quantitative differences 
in expression of the interferon-y receptor. . 

The results of this study may have clinical relevance 


in the management of drug-resistant choriocarcinoma. 
Interferon-y has antiproliferative and lytic effects on 
choriocarcinoma cells and also enhances their immu- 
nogenicity. Interferon-y used alone or in conjunction 
wtih protein synthesis inhibitors such as actinomycin- 
D, a currently used agent in the treatment of chorio- 
carcinoma, may play a role in the future therapy of this 
disease. 


The authors acknowledge Drs. Bruce Feinberg and 
Joseph Politch for valuable technical advice and sci- 
entific discussions. 
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Effects of sustained hypoxemia on the sheep fetus at 


midgestation: Endocrine, cardiovascular, and 


biophysical responses 


Yoshio Matsuda, MD," John Patrick, MD,’ Lesley Carmichael, BSc, John Challis, PhD,” 


and Bryan Richardson, MD* 
Kagoshima, Japan, and London, Ontario, Canada 


OBJECTIVE: The purpose of our study was to examine the effects of induced hypoxia on endocrine, 
cardiovascular, and biophysical measurements of the ovine fetus at 0.6 (83 to 93 days) of gestation anc to 
compare the fetal responses at this earlier gestation with those reported near term. 

STUDY DESIGN: Fourteen fetal sheep were studied (9 in the hypoxia group and 5 in the control group) at 
0.6 of gestation during a 24-hour control period, 8 hours of either sustained hypoxemia or room air, and a 


40-hour recovery period. 


RESULTS: Induced fetal hypoxemia resulted in a progressive lactic metabolic acidosis; however, all 
fetuses had recovered within 24 hours. The fetal endocrine response was variable with norepinephrine, the 
only measured hormone showing a significant hypoxia-related increase (p < 0.05). Fetal heart rate and 
mean arterial blood pressure showed little hypoxia-induced change, although fetal heart rate was 
significantly increased over the first 2 hours (p < 0.05). The percent time fetal breathing movements, 
electroocular activity, and nuchal muscle activity likewise showed little hypoxia-induced change. 
CONCLUSION: The cardiovascular and biophysical response of the preterm fetus to induced hypoxemia is 
thus much less pronounced than that of the older gestational-aged fetus; this difference may impact on 
survival and the success of antenatal assessment protocols. (Am J Osstet GYNECOL 1992;167:531-40.) 


Key words: Fetal biophysical activity, breathing movements, heart rate 


The response of the ovine fetus to induced hypox- 
emia is well characterized near term with a decrease in 
both breathing'® and body movements® when fetal 
oxygenation is sufficiently compromised. This re- 
sponse results in a protective decrease in oxygen 
requirements” * and provides a physiologic basis for the 
use of biophysical parameters in monitoring the high- 
risk pregnant patient. However, controlled animal data 
for the preterm fetus is lacking in spite of the improved 
perinatal survival and associated need for antenatal as- 
sessment at younger gestational ages for human preg- 
nancy. Therefore the purpose of our study was to ex- 
amine the effects of induced hypoxia on biophysical 
and cardiovascular measurements of the ovine fetus at 
0.6 (83 to 93 days) of gestation and to compare fetal 
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responses at this earlier gestation with those reported 
near term. 


Material and methods 


Surgical procedures. Fourteen fetal lambs of mixed 
breed (nine in the hypoxia group; five in the control 
group) were surgically prepared for study between 78 
and 87 days of gestation (term = 147 days). Ewes were 
given 600 mg of thiopental sodium intravenously; the 
ewes were intubated and maintained on a closed-circuit 
anesthesia system with 0.5 to 1.0% halothane (Abbott 
Laboratories, Montreal) and 67% oxygen—33% nitrous 
oxide at 6 L/min. Under sterile conditions a midline 
incision was made in the ewe’s abdomen, and the uterus 
was exposed and opened. Polyvinyl catheters were 
placed into the fetal carotid artery (V3, Bolab, Lake 
Havasu City, Ariz.), trachea, jugular vein (V4, Bolab), 
and amniotic cavity (V11, Bolab). Electrodes of stainless 
steel polytetrafluoroethylene-coated wire (Cooner, 
Chatsworth, Calif.) were implanted through the orbital 
ridge of the zygomatic bone of each eye for recording 
of the electrooculogram, into the nuchal muscle for 
recording the nuchal muscle electromyogram, and over 
the sternum for recording the fetal heart rate. A ref- 
erence electrode was placed in the loose connective tis- 
sue around the neck. The catheters (containing hepa- 
rinized saline solution) and wires were exteriorized 
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through the Hank of the ewe, and the abdomen was 
closed in layers. Polyviny] catheters (V11, Bolab) were 
also placed in the maternal femoral artery and vein. At 
the time of surgery 800,000 IU of sodium penicillin G 
and 250 mg of streptomycin were injected intramus- 
cularly to ewes and 1,000,000 IU of sodium penicillin 
G was injected into both the fetal jugular vein and the 
amniotic cavity. This antibiotic was administered daily 
until the experiment ended. All catheters were filled 
with sterile heparinized saline solution and flushed 
daily. Postoperatively, animals were maintained in in- 
dividual cages suitable for continuous monitoring with 
food and water available. Ewes were also maintained 
on a 12-hour light-dark cycle and were allowed at 
least 4 days to recover from surgery before experiments 
began. Animal care followed the guidelines of the Ca- 
nadian Council on Animal Care. 

Physiologic measurements. All animals were studied 
during a 24-hour control period, an 8-hour experi- 
mental period of either sustained hypoxemia (hypoxia 
group) or normoxemia (control group), and a 40-hour 
recovery period. Continuous recording was obtained 
for fetal electroocular and nuchal muscle activities, tra- 
cheal pressure, carotid arterial blood pressure, amniotic 
fluid pressure, and fetal heart rate. Pressure transduc- 
ers (Statham Model P-23 ID, Gould, Inc., Oxnard, 
Calif.) and a chart recorder (Model 7, Grass Instrument 
Co., Quincy, Mass.) were used to record pressures in 
the trachea, amniotic Huid, and carotid artery. Mean 
arterial blood pressure referenced to amniotic fluid 
pressure was calculated as diastolic plus 0.4 of systolic 
minus diastolic pressure. Electrical signals were pro- 
cessed with a common mode rejection preamplifier 
(Model 7, P51 IJ, Grass). Fetal heart rate was measured 
with a cardiotachometer (Model 7, 44B, Grass). Fetal 
electroocular and nuchal muscle potentials were dis- 
played directly on the chart recorder after passage 
through a passive bandpass filter, 0.3 to 30 Hz, on the 
preamplifier. . 

After approximately 23 hours of normoxemic con- 
trol period, a perspex chamber {volume 4.6 cu ft) de- 
signed to alter maternal-inspired gas concentration and 
tO permit ewes to eat and drink was placed in the cage 
and perfused with air at 40 L/min as previously de- 
scribed.’ For the hypoxia group, after 1 hour the gas 
mixture was changed to 9% oxygen, 3% carbon dioxide, 
and 88% nitrogen and maintained for 8 hours. Fifteen 
minutes before the initiation of induced hypoxemia, 
fetal and maternal arterial blood were sampled for 
blood gases, pH, hematocrit, oxygen saturation, glu- 
cose, lactate, corticotropin, cortisol, norepinephrine, 
and epinephrine (total 2.8 ml for the fetus, 5 ml for 
the mother). At ] hour and 8 hours after the onset of 
induced hypoxemia, a second and third complete set 
of blood samples were drawn. Fetal arterial blood gases, 
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pH, and oxygen saturation (0.3 m!) were also sampled 
every hour throughout the 8-hour period of induced 
hypoxemia to monitor fetal blood gas status. The per- 
spex chamber was removed from the front of the cage. 
A fourth complete set of blood samples was taken 24 
hours after the induced hypoxemia. In the control 
group similar procedures were followed except the 
ewes breathed room air in the perspex box at 40 
L/min throughout the 8-hour experimental period. 
Biophysical monitoring was continued through 40 
hours of recovery, with animals later killed and autop- 
sies performed to examine for neuropathologic factors. 

Maternal and fetal arterial blood samples were drawn 
into heparinized syringes and placed on ice. Arterial 
blood gases, pH, and oxygen and carbon dioxide con- 
centration within the perspex plexiglass chamber were 
measured with a blood gas analyzer with temperature 
corrected to 39.5° C (ABL-3. Radiometer, Copen- 
hagen). Oxygen content was calculated with a capacity 
of 1.36 ml oxygen/gm hemoglobin. Whole blood glu- 
cose and lactate measurements were made in triplicate 
with membrane-bound glucose oxidase and p-lactate 
dehydrogenase, respectively (model 23A, Yellow 
Springs Instrument Co., Yellow Springs, Ohio). He- 
matocrit was measured on a cer-trifuge (Autocrit Ultra 
3, Clay Adams, Becton Dickinson, Parsippany, N.J.). 

Blood samples for the determination of catechol- 
amine concentrations were transferred to plastic 
tubes containing glutathione—ethylenediaminetetra- 
acetic acid and centrifuged at 4° C for 15 minutes at 
2000 rpm. The plasma was removed and stored at 
—70° C until analyzed. Blood samples for the deter- 
mination of corticotropin and cortisol were transferred 
to plastic tubes without preservative and were similarly 
centrifuged and stored. Norepinephrine and epineph- 
rine were subsequently measured by electrochemical 
detection after high-pressure liquid chromatography 
fractionation. Immunoreactive corticotropin and cor- 
tisol were determined with radioimmunoassays as pre- 
viously described and validated." 

Data analysis. Electroocular and nuchal muscle ac- 
tivities were assessed by visual analysis. Episodes of neg- 
ative tracheal pressure were used to indicate fetal 
breathing movements. The minimum amplitude of 
breaths recognized was 1 mm Hg. Apnea was defined 
as an interval of >6 seconds with no episodes of fetal 
breathing movements. The incidence of fetal breathing 
movements, nuchal muscle, and electroocular activity | 
were reported as the percentage of time spent in each 
2-hour period. Fetal heart rate znd arterial blood pres- 
sure recordings were analyzed every 5 minutes and 
reported as mean values for l-hour intervals. Results 
are reported as the mean + SEM. Data were analyzed 
by analysis of variance with repeated measures (BMDP 
5V, BMDP Statistical Software Inc., Los Angeles). 


aig s 


Volume 167 
Number 2 


Biophysical activity in sheep fetus at midgestation 533 


Table I. Changes (mean + SEM) in maternal arterial blood gases before, during, and after 8-hour period 
of experiments 





Control (n = 5) 


pH 7.45 + 0.02 
PCO, (mm Hg) 33.8 + 1.6 
Po, (mm Hg) 113 +3 
Base excess (mmol/L) 0:2 73 
Hypoxia (n = 9) 
pH 7.43 + 0.02 
PCO» (mm Hg) 35r E 251 
Po. (mm Hg) 12223 
Base excess (mmol/L) 0.6 + 0.6 
*p < 0.05. 
tp < 0.01. 


When a significant F value (p < 0.05) was obtained 
mean values were compared by paired or unpaired 
¢ test with Bonferroni’s correction. Some of the hor- 
monal samples could not be processed because of tech- 
nical difficulty. Data on the neuropathologic findings 
will be reported separately. | 


Results 


Maternal blood gases and pH. The oxygen concen- 
tration in the perspex chamber was decreased from 
21.0% + 0.3% during the normoxemic control period 
to 9.7% + 0.5% when measured 1 hour after the ini- 
tiation of the induced hypoxemia. At the end of the 8- 
hour hypoxia period the oxygen concentration mea- 
sured 8.7% + 0.5%. The animals, although hyperven- 
tilating, appeared well and continued to feed and take 
water. For the control group the oxygen concentration 
in the perspex chamber was 22.5% + 0.4% during the 
control period with little measured change thereafter. 
The maternal Po, fell significantly in the hypoxia group 
from 122 + 3 to 61 + 6 mm Hg after 1 hour, with a 
further fall to 46 + 3 mm Hg by the end of the sus- 
tained hypoxemia (Table I). In spite of the carbon diox- 
ide added to the perspex chamber, a relative respiratory 
alkalosis was evident through the 8 hours of induced 
hypoxia. In the control group there was little change 
in the maternal blood gases and pH throughout the 
period of study. 

Fetal blood gases, pH, and oxygen concentrations. 
The mean gestational age at the time of study was 90.8 
days for the control group and 89.6 days for the hyp- 
oxia group. The mean fetal weight at the time of animal 
death measured 980 gm and 932 gm, respectively, for 
the two groups. All fetuses survived through 40 hours 
of recovery. Two-way analysis of variance indicated a 
significant effect of both time and induced hypoxemia 
on fetal blood gases, pH, and oxygen concentrations 
(Table II, Fig. 1). Fetal arterial Po, decreased from 


During 






7.45 + 0.01 7.45 + 0.01 7.46 + 0.02 
35.4 + 0.9 34.6 + 1.3 33.4 + 0.8 
116+ 3 124 + 2 118 +4 
1.1. 1.0 24+ 0.4 —Q.1 + 0.5 
7.50 + 0.01* 7.51 + 0.0]* 7.46 + 0.01 
30.1 + 1.6* 27.8 + 1.3f 34.7 + 1.6 
61. +-6F 46 + 3+ 113 + 3 
0.6 + 2.2 -0.1 + 0.9 0.2 + 0.9 


26.6 + 1.1 mm Hg during the normoxemic control pe- 
riod to 17.3 + 1.3 mm Hg at 1 hour, with a further 
decrease at 8 hours to 14.8 + 1.0 mm Hg. There was 
a small but significant fall in fetal arterial Pco, likely 
caused by maternal hyperventilation because maternal 
arterial Pco, decreased a similar amount. Fetal arterial 
pH fell from 7.34 + 0.01 during the normoxemic con- 
trol period to 7.23 + 0.03 8 hours after the induced 
hypoxemia; this fall can be attributed entirely to a de- 
veloping metabolic acidosis, as indicated by the asso- 
ciated change in base excess and arterial lactate values. 
Fetal arterial oxvgen content and oxygen saturation 
decreased in a manner similar to that of arterial Po, 
and hemoglobin values were little changed. All these 
measurements returned to control levels 24 hours after 
the induced hypoxemia. In the control group there was 
no significant change in any of these arterial blood mea- 
surements. 

Fetal glucose and lactate concentrations. Two-way 
analysis of variance demonstrated a significant effect 
of both time and hypoxemia on lactate concentrations, 
but not on glucose concentrations (Table IJ). Fetal lac- 
tate concentration increased from 1.1 + 0.1 mmol/L 
during the normoxemic control period to 9.6 + 1.4 
mmol/L 8 hours after the onset of induced hypoxemia, 
then decreased to 1.4 + 0.2 mmol/L 24 hours after the 
sustained hypoxemia. In the control group fetal arterial 
glucose and lactate measured 1,1 + 0.1 and 1.1 + 0.2 
mmol/L, respectively, with no change during the study 
period. 

Fetal hormonal measurements. Mean fetal plasma 
corticotropin showed a variable response to the 8 hours 
of induced hypoxia, increasing fourfold or greater in 
four of the animals in which measurements were ob- 
tained, but with little change in the other three animals 
(Table IID). Plasma cortisol values likewise were variably 
changed, increasing threefold or greater in three of the 
four animals in which corticotropin also increased, but 
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Table II. Changes (mean + SEM) in fetal arterial blood gases, pH, oxygen concentration, glucose, and 
lactate before, during, andi after &-hour period. of experiments 


—0.25 hr 


Control (n = 5) 


pH 7.36 + 0.0] 
Pco, (mm Hg) 43.5 + 1.7 
Po, (mm Hg) | 29.9 + 2.1 
Base excess (mmol/L) —0.4 + 1.2 
Oxygen saturation (%) 135-2 3.8 
Hemoglobin (gm/dl) 7.6 + 0.4 
Oxygen content (mmol/L) 3.4 + 0.2 
Glucose (mmol/L) : 11+0.1 
Lactate (mmol/L) : lil + 0.2 
Hypoxia (n = 9): 
pH 7.34 + 0.01 
PCO, (mm Hg) 47.7 + 1.0 
Po, (mm Hg) 26.6 + 1,1 
Base excess (mmol/L) —0.6 + 0.5 
Oxygen saturation (%) | 70.3 + 2.4 
Hemoglobin (gm/dl) , 8.0 + 0.6 
Oxygen content (mmol/L) 3.4 + 0.3 
Glucose (mmol/L) 1.0 + 0.1 
Lactate (mmol/L) 11 +01 
*b < 0.05. 
tp < 0.01. 


i 
t 


with little change in the remaining animals. None of 
these changes were statistically significant on two-way 
analysis of variance with that of the-control group. Ma- 
ternal plasma corticotropin and cortisol showed no sig- 
nificant change, averagingi44 + 5 pg/mland 5.3 + 0.4 
ng/ml, respectively, for the hypoxia group animals and 
42 + 2 pg/ml and 5.3 +'0.6 ng/ml, respectively, for 
the control group animals throughout the period of 
study. . 
Mean fetal plasma norepinephrine was significantly 
increased by 8 hours of induced hypoxemia, with a 
subsequent return to control values when measured 24 
hours after the sustained hypoxemia (p < 0.05) (Table 
IHI). Although fetal plasma epinephrine values in- 
creased in each of the animals over the 8 hours of 
sustained hypoxemia, this did, not reach significance 
because of the limited number of samples and variable 
increase noted. Maternal plasma norepinephrine and 
epinephrine both showed a variable response but with- 
out significant change, averaging 386 + 111 pg/mland 
69 + 14 pg/ml, respectively, throughout the period of 
study. | 

Fetal cardiovascular and biophysical activity mea- 
surements. In the hypoxia group mean fetal heart rate 
increased significantly from 196 + 3 beats/min during 
the last hour of the normoxemic control period to 
217 + 6 beats/min over the first 2 hours of in- 


duced hypoxia, (p < 0.05) then returned to 208 + 7- 


béats/min by 8 hours of.sustained hypoxia (Fig. 2). 
Fetal mean arterial blood jpressure was 34 + 2 mm Hz 


pe do sen. ay 
mere NO STR NST NO ia 
Cr Ge <6 O89 OO BR OH 


7.36 + 0.02 


+ 0.01 7.36 + 0.01 

ar 49.8 + 1.3 45.3 + 0.9 
+ 1.0 29.0 + 0.9 29.7 + 0.8 
+ 0.9 9.4 + 0.5 0.3 + 0.8 
+ 3,5 65.4 + 5.0 68.2 + 3.7 
+ 0.4 7.3 + 0.5 7.5 = 0.4 
+ 0.2 29+ 0.3 3.1 += 0.2 
+ 0.1 1.3 + 0.1 1320.1 
+0.) 1.0 + 0.2 L.l + 0.2 
+ 0.01 7.23 + 0.037 7.33 + 0.01 
+ 1.7* 39.1 + 1.2T 47.7 + 1.9 
+ 1 37 14.8 = 1.0} 26.5 + 1.7 
+ 0.6 — 10.2 + 0.97 —0.9 + 0.5 
+ 4.0f 25.9 + 4.97 65.3 + 2.7 
+ 0.6 8.3 + 0.7 83+ 1) 
+ 0.3f 1.3 + 0.2+ 3.2 + 0.4 
+ 0.1 l.l + 0.1 l.l + 0.1 
2°03 9.6 + 1.4T 14+ 0,2 


during the last hour of the normoxemic control period 
and did not change significantly during the period of 
induced hypoxia. In the control group mean fetal heart 
rate and blood pressure were 199 + 3 beats/min and 
33 + 1 mm Hg, respectively, during the last hour of 
the control period and showed no significant change 
throughout the period of study. 

Satisfactory measurement of breathing movements, 
nuchal muscle activity, and electroocular activity were 
obtained from 12 studies (7 for the hypoxia group, 5 
for the control group). Fig. 3 demonstrates a typical 
chart recording showing that fetal biophysical activity 
changed little during the 8 hours of induced hypox- 
emia. The incidence of fetal breathing movements was 
20.5% + 0.6% during the 72 hours of total recording 
for the control group; this incidence was similar to that 
during the 24 hours of normcxemic contro] for the 
hypoxia group (23.7% + 1.4%) (Fig. 4). Two-way anal- 
ysis of variance indicated no effect of induced hypoxia 
on fetal breathing movements, although a small drop 
was noted during the first 8 hours of recovery; 
11.6% + 3.3% and 18.7% + 1.8% for the hypoxic and 
control groups, respectively. The incidence of nuchal 
muscle activity was 69.9% + 1.4% of the time during 
the 72 hours of total recording in the control group, 
which was not different from the incidence of nuchal 
muscle activity during the 24 hours of normoxemic 
control for the hypoxia group (65.0% + 2.1%) (Fig. 4). 
The incidence of electroocular activity was 81.9% + 
1.0% of the time during the 72 hours of total recording 
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Fig. 1. Fetal carotid arterial PO., oxygen content, and pH (mean 


24 


Time (Hrs) 


+ SEM) before, during, and after 


experiment (shaded area). Induced hypoxemia resulted in significant reduction in fetal arterial Pos, 


oxygen content, and pH. 


in the control group, which again was not different 
from the incidence of electroocular activity during the 
24 hours of normoxemic control for the hypoxia group 
(80.9% + 1.2%) (Fig. 4). Two-way analysis of variance 
showed no significant effect of the induced hypoxia on 
either nuchal muscle or electroocular activities. 


Comment 

The use of the perspex chamber to lower maternal 
oxygen concentration allowed the animals continued 
access to food and water with little change in maternal 


corticotropin and cortisol as previously reported for 
animals similarly studied near term,’ thus supporting 
this technique as a useful means of studying sustained 
fetal hypoxemia. In our study this was again induced 
by lowering the oxygen concentration within the cham- 
ber to 11% to 8%, with variation within this range to 
produce a developing metabolic acidosis as monitored 
by repeated sampling from the fetal carotid artery. The 


resultant maternal-inspired oxygen concentrations’ 


measured at 1 and 8 hours of hypoxia are similar. tO 


those we have reported for animals ee ‘hear 


LT TTT te Ta SST i SST eA rst hry pr ren E 


536 Matsuda et al. 


August 1992 
Am J Obstet Gynecol 


240 
| A—-ACONTROL 
: A— -~a HYPOXIA 
z l 
Ha. E 
56 zol /' Rp | gee 
T ' / pa -A A” < 3 Beas 
3 A-A 1 i A “anf Ny a 
G l l 4— .. an 
u m, 
ae i 
180 
ae 
= 60 O— ~O CONTROL 
n @—~-@ HYPOXIA 
7 
a>! 40 
on $- 9- B... 
A —— — @-— 0— e — — 8 —_— er ee es 
gf “fexec$$- 8-89-88 $i 
—! 
mE 20 
a 
LZ, 
oF l Ss 
E ioo ee 
mx 
< —1 O0 10 24 








TIME (Hrs) 


Fig. 2. Fetal heart rate and fetal carotid arterial blood pressure (mean + SEM) before, during, and 
after experiment (shaded area). Fetal heart rate and arterial blood pressure showed little hypoxia- 
induced change, although fetal heart rate increased significantly over first 2 hours of study. 


Table III. Changes (mean + SEM) in fetal plasma corticotropin, cortisol, norepinephrine, end 
epinephrine before, during, and after 8-hour period of experiments 


Control (n = 4) 
Corticotropin (pg/ml) 24 +7 23 + 8 42+ 11 665 
Cortisol (ng/ml) 13 + 0.3 L305 2.3 + 0.8 2.1 + 1.4 
Hypoxia (n = 7) 
Corticotropin (pg/ ml) 2 ae 40 + 6 119 + 36 544 14 
Cortisol (ng/ml) i 1.6 + 0.5 13 = 02 2.0 + 0.4 l.4 + 9.2 
Hypoxia (n = 6) 
Norepinephrine (pg/ml) 228 + 37 369 + 104 903 + 276* 41] + 103 
Epinephrine (pg/ml) 21S 36 + 14 88 + 37 45 + 18 


Control values were not obtained for norepinephrine and epinephrine because of technical difficulties. 


tp < 0.05. 


term, as are the maternal blood gas and pH 
changes.’ 

Fetal arterial Po, and oxygen saturation values here 
measured at 0.6 of gestation under normoxemic con- 
trol conditions are higher than in late gestation, a find- 
ing also noted in other studies of preterm animals® ”; 
these higher values may relate in part to the relatively 
high umbilical blood flow in relation to fetal weight at 
this gestational age.’ Conversely, fetal hemoglobin con- 
centration tends to be lower in the preterm fetus” as 
also noted in our study. ‘Fetal arterial Po, decreased 


acutely and measured 17.3 mm Hg when sampled at 1 
hour of induced hypoxemia, with a further fall to 14.8 
mm Hg when measured at 8 hours. Arterial pH fell 
after the first hour; this fall can be attributed to a de- 
veloping metabolic acidosis as indicated by the associ- 
ated change in base excess and arterial lactate values. 
Fetal arterial oxygen content also fell throughout the 
period of induced hypoxia, reflecting the drop in ar- 
terial Po, and the presumed rightward shift in the oxy- 
hemoglobin dissociation curve with the developing 
metabolic acidosis. Although the imposed decrease in 
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Fig. 3. Tracheal pressure, nuchal muscle electromyogram (Nuchal EMG), and electrooculogram 
(EOG) 2 hours before (BEFORE), 7 hours after (DURING), and 24 hours after (AFTER) the onset 
of induced hypoxia in a sheep fetus at 87 days of gestation. 


maternal-inspired oxygen was similar to that of animals 
we have previously studied near term,” neither the fall 
in fetal oxygenation nor the degree of acidemia was as 
pronounced. This finding of a developmental change 
in the fetal blood gas response to a given hypoxic insult 
was also noted by Clewlow et al.?; again, it may relate 
to the relatively high umbilical blood How of the pre- 
term fetus and thus an increased oxygen margin of 
safety. Fetal arterial glucose levels, which increase pro- 
gressively in response to induced hypoxemia near 
term,’ showed little change in our study. This lack of 
change may relate to the less pronounced fall in fetal 
oxygenation and thus degree of acidemia or an im- 
maturity of hormonal responses to hypoxia at midges- 
tation, including that of catecholamines as noted in our 
study and which are known to impact on fetal glucose 
levels.’ l 

Fetal plasma immunoreactive corticotropin concen- 


trations here measured under resting conditions are 
somewhat higher than we have reported in later ges- 
tation." Although our antibody is specific and recog- 
nizes corticotropin within the region,’*** there may be 
cross-reactivity with circulating larger molecular- 
weight species of corticotropin at earlier gestational 
ages. The variable response of corticotropin to hypox- 
emia and the overall diminished corticotropin response 
compared with older fetuses!’ is consistent with re- 
duced pituitary responsiveness to corticotropin-releas- 
ing hormone in younger fetuses."* At 90 days’ gestation 
the fetal adrenal gland likewise shows decreased re- 
sponsiveness to corticotropin; it is likely that much of 
the circulating cortisol in the fetus at this time is derived 
by transplacental transfer from the mother." 

Fetal plasma catecholamine levels here measured un- 
der resting conditions are somewhat lower than those 
reported by Iwamoto et al.” in preterm animals at 90 
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Fig. 4. Incidence of electroocular, nuchal muscle activities, and fetal breathing movements 
(mean + SEM) per 2-hour interval plotted continuously from 24 hours before to 48 hours after 
onset of experiment (shaded area). All variables showed little hypoxia-induced change. 


[d 


days’ gestation, although the levels are similar to those 
reported by Lewis et al.’® in slightly older gestational- 
aged animals. In response; to hypoxemia of 8 hours’ 
duration plasma catecholamine levels were increased 
approximately fourfold, which is greater than the two- 
fold increase noted by Iwamoto et al., possibly reflect- 
ing the different durations of induced hypoxemia, 8 
hours versus approximately 1 hour, and the degree of 
associated metabolic acidemia, arterial pH 7.23 versus 
7.42. This hypoxia-related increase in fetal catechol- 
amine levels at 0.6 of gestation is nonetheless of lower 


magnitude, both from the standpoint of change in ab- 
solute levels and percent change from resting levels 
than in animals similarly studied near term’ in keeping 
with an age-dependency as recently reported by Wid- 
mark et al.” 

The mean fetal heart rate reported here is higher, 
whereas mean arterial blood pressure is lower than in 
late gestation, findings noted in other studies of pre- 
term animals and attributed to a lower vagal tone and 
systemic vascular resistance, respectively." '* '* In fe- 
tuses older than 120 days of gestational age, acute hy- 
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poxemia increases cholinergic and adrenergic influence 
on fetal heart rate, but the increase in cholinergic ac- 
tivity initially predominates and heart rate decreases.’ 
It has been suggested by Walker et al.’® that between 


109 and 120 days of gestation the influence of cholin- - 


ergic mechanisms is less than the influence later in ges- 
taton such that heart rate shows little change with hy- 
poxemia. In our study with animals at 0.6 of gestation 
fetal heart rate was in fact initially increased over the 
first 2 to 3 hours of sustained hypoxemia, returning to 


control levels thereafter. Boddy et al.'! have also re- ` 


ported fetal tachycardia in response to induced hypox- 
emia in preterm fetuses (100 days’ gestation), as have 
Iwamoto et al. and Gleason et al., which may relate 


to a predominance of sympathetic cardiac effects over ` 


parasympathetic effects at earlier gestational ages. 
Near term an increase in fetal arterial blood pressure 
is a well-described cardiovascular response to hypox- 
emia mediated through aortic chemoreceptor stimu- 
lation and a-adrenergic receptor-induced vasoconstric- 
tion.” * In our study fetal arterial blood pressure 
remained unchanged throughout the period of sus- 
tained hypoxemia as previously reported for the pre- 
term fetus with short-term hypoxemia." '* This de- 
velopmental difference in the fetal cardiovascular re- 
sponse to hypoxemia may further relate to a relative 


immaturity of chemoreceptor function and sympa- 


thetic innervation of vascular smooth muscle; this dif- 
ference may also relate to an inadequate rise in circu- 
lating vasoactive substances at earlier gestational ages, 
as noted in our study and as previously reported by 
Iwamoto et al.” l 

Fetal breathing activity during normoxic control con- 
ditions occurred 22% of the time, which is somewhat 
less than the time measured in animals near term.'® 
Although comparable data are not available from other 
studies at midgestation, developmental changes in fetal 
breathing activity have been described and are clearly 
dependent on the means by which this activity is mea- 
sured. Ioffe et al.” reported diaphragmatic electro- 
myographic activity of the ovine fetus at 0.5 to 0.6 of 
gestation to be primarily tonic in nature with a pro- 
longed burst duration, although periods of phasic dia- 
phragmatic activity were also evident. With advancing 
gestation phasic diaphragmatic activity became more 
pronounced in keeping with the increased incidence of 
fetal breathing movements as measured by tracheal 
pressure change in animals near term. Bowes et al.” 
reported diaphragmatic electromyographic activity to 
be almost continuous at the earliest gestation studied 
(108 days’ gestation), although no distinction was made 
between tonic and phasic activity, with increasing ap- 
neic modulation thereafter. Clewlow et al.? reported 
similar findings with the addition that changes in tra- 
cheal pressure were often small and difficult to detect 
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in early gestation and were greater when the dia- 
phragm and intercostal muscles were active simulta- 
neously. Conversely, Dawes et al.” noted breathing 
movements to be intermittent in fetal lambs from 40 
days’ gestation onward delivered into a warm saline 
bath, and the incidence changed little as measured in 
chronic preparations with tracheal catheterization from 
92 days until term. Although measurement of fetal 
breathing activity by means of tracheal pressure 
changes will not reflect all neurally and, in turn, mus- 


. cularly generated activity of respiratory origin, a sum- 


mation of this activity should be evident pending the 
attainment of a threshold level to overcome the resis- 
tant properties of the airways. It follows that the lower 
incidence of fetal breathing activity, here measured at 
0.6 of gestation, will in turn reflect either a lower output 
of respiratory muscle activity or an increase in pul- 
monary resistant properties at this gestational age. Of 
interest, the incidence of human fetal breathing move- 
ments as measured by real-time ultrasonography is also 
similarly reduced in the preterm fetus occurring ~14% 
of the time at 24 to 28 weeks’ gestation.” In contrast 
to breathing activity, electroocular and nuchal muscle 
activity were evident during much of the normoxic con- 
trol period, a finding also reported by Clewlow et al.’ 
for animals at 100 days’ gestation and before the dif- 
ferentiation of electrocortic activity and the establish- 
ment of well-defined behavioral states. 

Fetal breathing and electroocular and nuchal muscle 
activity, here measured at 0.6 of gestation, showed little 
change in response to sustained hypoxemia with pro- 
gressive acidemia in contrast to the well-described de- 
crease in such activity near term when fetal oxygenation 
is sufficiently compromised.'* Although the degree of 
fetal hypoxemia and resultant acidemia was more se- 
vere in animals we have similarly studied near term,‘ 
fetal breathing and electroocular activity were none- 
theless markedly decreased when measured at arterial 
Po, and pH values comparable with those of the present 
study. In animals studied at a similar age, Ioffe et al.” 
noted fetal breathing as measured by diaphragmatic 
electromyographic activity to be decreased with short- 
term hypoxemia; however, this reduction appeared to 
involve primarily the tonic rather than the phasic com- 
ponent of this activity. With advancing gestational age 
and increased prominence of phasic diaphragmatic 
electromyographic activity, a greater decrease in such 
activity was noted in response to hypoxemia. Likewise, 
both Clewlow et al.? and Bocking and Harding’ report 
the hypoxic-related diminution in fetal breathing to be 
quantitatively less in younger gestational-aged fetuses 
(~110 to 120 days). A developmental change in the 
inhibitory response of biophysical activity to fetal hy- 
poxemia is thus suggested; this change may relate to 
the maturation of inhibitory neural mechanisms given 
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the evidence for such within the brain stem at least for 
fetal breathing activity. | 

For the ovine fetus near term the alterations in bio- 
physical activity in response to induced hypoxemia ap- 
pear to be a protective mechanism whereby energy ex- 
penditure and thus oxygen requirements are de- 
creased.” * This in turn provides a physiologic basis for 
the use of biophysical parameters in the determination 
of fetal health; indeed, such usage has become the 
mainstay in the day-to-day monitoring of the high-risk 
obstetric patient. In our study biophysical activity has 
been measured at 0.6 of gestation and close to the limit 
for extrauterine survival of the human fetus at a com- 
parable gestational age. The lack of hypoxia-related 
change in biophysical parameters at this time in spite 
of the attainment of blood gas and pH levels similar to 
those in studies near term ‘may indicate that the fetus 
remote from term requires a greater deterioration in 
metabolic status, possibly close to death, before such 
change will be evident. If the human situation is com- 
parable this will obviously impact on the success of pre- 
term antenatal assessment protocols. More importantly, 
although the oxygen margin of safety would appear to 
be greater for the preterm fetus, the inability to elicit 
a protective decrease in muscular. activity may ulti- 
mately impact survival should fetal oxygenation be- 
come sufficiently compromised. 


We thank Ms. E. Vollick and Mrs. P. McCallum for 
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ing, and D. Penning for their interest in this work. 
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Intracellular calcium and the signaling mechanism of 


luteinizing hormone—releasing hormone in rat granulosa cells 


Jian Wang, PhD,*” Gillian L. Steele, MSc, Kenneth G. Baimbridge, PhD,” 


Marie R. Rodway, PhD, and Peter C.K. Leung, PhD*” 


Vancouver, British Columbia, Canada 


OBJECTIVE: The purpose of these studies was to determine the source(s) of the increase in intracellular 
free calcium in response to luteinizing hormone—releasing hormone in ovarian granulosa cells. 

STUDY DESIGN: Rat granulosa cells were cultured and loaded with fura-2-acetoxy-methyl ester, a 
fluorescent calcium indicator dye, and intracellular free calcium measured by microspectroflucrometry. The 
source of the luteinizing hormone—releasing hormone induced increase in intracellular Ca++ was 
investigated with various calcium channel blockers (verapamil, diltiazem, and nifedipine), high K* buffer, 


and perifusion with media lacking Ca**. 


RESULTS: All three voitage-sensitive calcium channel blockers (107° mol/L) tested were ineffective in 
blocking the luteinizing hormone—releasing hormone induced intracellular Ca** increase. Treatment with 
high K* buffer also had no effect. Perifusion with media lacking calcium resulted in a gradual loss of the 
luteinizing hormone—releasing hormone response, an effect that was accelerated by repeated stimulation 
with hormone. Transient replacement of extracellular Ca** failed to restore the response but continued 
perifusion with Cat *-replete media allowed a luteinizing hormone—releasing hormone response 10 


minutes later. 


CONCLUSIONS: The luteinizing hormone—releasing hormone induced intracellular Ca** increase does 
not appear to result from the opening of voltage-sensitive or K*-dependent Ca** channels. To the 
contrary, this response likely results from the release of Ca**, primarily from intracellular stores. (Am J 


OBSTET GYNECOL 1992:167:541-7.) 


Key words: Luteinizing hormone—releasing hormone, granulosa cells, calcium 


Luteinizing hormone—releasing hormone (LHRH) is 
believed to directly affect rat ovarian cells?’ by stimu- 
lating polyphosphoinositide breakdown in the cell 
membrane.* ’ Inositol 1,4,5-trisphosphate (IP;) is a 
product of phosphatidylinositol-4,5-bisphosphate 
(PIP.) hydrolysis and has been proposed as a mediator 
for intracellular Ca** mobilization.” Additionally, 
products of polyphosphoinositide metabolism may also 
be involved in regulating Ca** entry from the extra- 
cellular fluid.? With the calcium indicator dye fura-2- 
acetoxy-methyl ester (fura-2AM) LHRH has been 
shown to increase intracellular Ca** in single rat gran- 
ulosa cells.!° The response to LHRH was rapid and 


transient. However, it was unclear whether the ob- ` 


served increase in intracellular Cat* was the result of 
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increased entry of Ca** across the cell membrane or 
enhanced Ca** release from intracellular stores. In our 
study the contributions of intracellular and extracel- 
lular source(s) of Cat* in LHRH-induced intracellular 
Ca** changes were examined. 


Material and methods 


Animals. Female Sprague-Dawley rats (Charles 
River, Montreal, Canada) were injected with pregnant 
mare serum gonadotropin (12 IU subcutaneously, day 
23) to stimulate formation of preantral follicles. The 
rats were killed by cervical dislocation after 48 hours, 
and the ovaries removed. 

Preparation of granulosa cells. Granulosa cells were 
harvested by puncturing the ovarian follicles with a fine 
hypodermic needle under a dissecting microscope as 
previously described.'’ The ovaries were squeezed 
gently in minimum essential medium supplemented 
with Eagle’s salts, 2 mmol/L L-glutamine, 100 units/ml! 
penicillin, 100 ug/ml streptomycin, and nonessential 
amino acids (Gibco, Grand Island, N.Y.). The granulosa 
cells were recovered by centrifugation for 5 minutes at 
200g. The cells were washed, resuspended in supple- 
mented Minimum Essential Medium, and plated 
(0.1 x 10° cells/ml) onto uncoated glass‘coverslips (18 
mm diameter) in 6-well culture dishes and incubated 
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Fig. 1. Effect of voltage-sensitive Ca** channel blockers on LHRH-induced intracellular Ca** in- 
crease. LHRH was administered at time indicated by solid arrow. Verapamil (upper panel) and nifed- 
ipine (lower panel) were perifused during time indicated by solid bar (107° mol/L, n = 10 for each). 
Similarly, diltiazem {107 mol/L, n = 10) had no effect on the intracellular Cat* response to 10~° 


mol/L LHRH (results not shown). 


in supplemented Minimum Essential Medium contain- 
ing 5% fetal bovine serum. After 48 hours’ incubation 
at 37° C in an atmosphere of 5% carbon dioxide in air, 
cells were loaded with fura-2AM (Molecular Probes 
Inc., Eugene, Ore.) as described previously.-°” 
Fluorescence measurement and calculation of cy- 
tosolic calcium. Fluorescence measurement and cal- 
culation of cytosolic calcium were reported previ- 
ously.’® 1? In brief, individual coverslips were mounted 
in a laminar flow-through chamber (volume = 350 pl). 
The chamber was mounted onto the stage of a Zeiss 
Jenalumar microscope equipped for epifluorescence. 
The light, from a 200 W mercury arc lamp, first passed 
through one of two differential interference filters (350 
or 380 nm, band widths = 10 nm) that could be rotated 
by a computer-controlled stepping motor. The light 
then passed through a 410 nm dichroic mirror, a 
100% apochromat oil immersion Jens (numerical ap- 
erture = 1,4), and an adjustable diaphragm, reducing 


the light intensity. A field diaphragm was used to re- - 


duce the area of illumination to the size of a single 
granulosa cell. All fluorescent light passed back 
through the dichroic mirron and a 450 nm band pass 


t 


filter to reduce background fluorescence. The emitted 
fluorescence resulting from excitazion at 350 nm or 380 
nm was deflected either to the eyepiece or to a camera 
portin which was mounted a photomultiplier tube used 
to convert the fluorescence into DC voltage. The volt- 
age was converted to a digital form and measurements 
of fluorescence ratios. corrected for background, were 
obtained on a 1.8- or 5-second time base. 

The method for calculating intracellular Ca** has 
been reported.” A calibration method with the same 
granulosa cells as described in a previous studv’® was 
used. An increase of more than 50 nmol/L in intra- 
cellular Ca** was considered to be significant. 

Treatment regimens. Hormone treatment was added 
directly to the chamber in a 250 wl volume. LHRH was 
consistently treated in a concentration of 107° mol/L. 
The cells were perifused continuously with Earle’s bal- 
anced salt solution (EBSS) (or ~Cat* EBSS) at a rate 
of 2 ml/minute. For the Ca** channel studies, cells 
were perifused with channel blockers (10°? mol/L) in 
EBSS or high K* buffer (60 mmol/L potassium chlo- 
ride in Minimum Essential Medium) for 5 minuzes be- 
fore LHRH treatment. 
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Fig. 2. Effect of high K* buffer on LHRH-induced intracellular Ca** increase. Buffer was perifused 
for the period indicated by solid bar. This representative recording illustrates continued responsive- 
ness of cell to LHRH (107° mol/L) in presence of high K* (n = 9). Note expanded scale compared 


with other Ca** transient recordings. 


Reagents. Pregnant mare serum gonadotropin was 
obtained from the National Institute of Diabetes, Diges- 
tive and Kidney Disease and the National Hormone 
and Pituitary Program (University of Maryland, Schoo! 
of Medicine). LHRH, Ca** channel blockers, and all 
other reagents were obtained from Sigma (St. Louis). 


Results 


LHRH-induced transient increase in cytosolic cal- 
cium. Two hundred eleven rat granulosa cells from 25 
different preparations were treated with LHRH (107° 
mol/L). The average resting level of intracellular Ca** 
in these cells was 98.5 + 4.8 nmol/L and intracellular 
Ca** increased by an average of 3.9-fold in the 136 
(64%) cells that responded to LHRH. Similar obser- 
vations have been reported previously. 

Effect of calcium channel blockers on LHRH-in- 
duced increase in intracellular Ca**. Calcium channel 
blockers of voltage-sensitive Ca** channels were used 
in our study to examine the possible involvement of 
extracellular Ca**. Verapamil (phenylalkylamine-type 
calcium channel blocker), nifedipine (dihydropyridine- 
type blocker), and diltiazem (benzothiazepine-type 
blocker) had no effect on the LHRH-induced increase 
in intracellular Ca** (1077 mol/L, n = 10 for each). 
Representative recordings are shown in Fig. 1. 

Effect of high K* buffer on LHRH-induced intra- 
cellular Ca** increase. High K* buffer was used to 


investigate a possible involvement of K*-dependent. 


Ca** channels in the LHRH-induced intracellular 
Ca** increase. Perifusion of granulosa cells with high 
K* buffer did not affect the resting intracellular Ca** 
levels (data not shown). Furthermore, perifusion with 


this buffer for 5 minutes before LHRH treatment did 
not affect the LHRH-induced intracellular Ca** re- 
sponse observed during perifusion with EBSS (n = 12). 
A representative recording of a single granulosa cell is 
shown in Fig. 2. The apparent difference compared 
with other Ca*~ transient recordings is the result of 
the expanded scale. 

Effect of —Ca** EBSS perifusion on LHRH-in- 
duced intracellular Ca** increase. In order to inves- 
tigate the contribution of extracellular Ca** to the 
LHRH-induced intracellular Ca** increase, the cells 
were perifused with —Ca** EBSS. Over a period of 8 
to 20 mmutes there was a gradual decrease and even- 
tual elimination of the intracellular Ca** response to 
LHRH (n = 10). Repeated samulation with LHRH in 
media lacking Ca** resulted in a more rapid loss of the 
response (i.e., within 13 minutes; Fig. 3, upper panel). 
However, after a recovery period the same cell was able 
to respond (albeit in an attenuated fashion) to LHRH 
after 13 minutes of —Ca** EBSS perifusion provided 
it was not treated with LHRH during this time (Fig. 3, 
lower panel). 

_ After 7 minutes’ perifusion with EBSS containing 1.8 
mmol/L Ca** the cells again showed a rapid and tran- 
sient elevation cf intracellular Ca** in response to 107° 


_ mol/L LHRH (Fig. 4). A similar response was observed 


in 14 individuai cells. 

Effect of transient addition of Ca** to LHRH-in- 
duced intracellular Ca** increase. After the initiation 
of —Ca** EBSS perifusion LHRH-induced intracel- 
lular Ca** changes were decreased gradually and even- 
tually abolished at 1, 6, and 16 minutes, respectively 
(Fig. 5). Subsequently the cells were exposed to four 


544 Wang et al. 


August 1992 
Am J Obstet Gynecol 


no added Ca2+ 


[Ca2+]li (nM) 


4 6 


[Ca2+]i (nM) 


-4 -2 O 2 4 6 


8 


8 


10 12 14 16 
Time (min) 





10 12 14 168 18 20 22 24 





18 20 22 24 


Fig. 3. Effect of ~Ca** EBSS perifusion on LHRH-induced intracellular Ca** increase. — Ca*+ 
EBSS was perifused for period indicated by solid bar. Upper panel, cell shows decreased LHRH 
response at 8 minutes, with complete loss of response at 13 minutes. Lower panel, same cell was tested 


after 10-minute recovery period in normal media. Response to 10 


-6 mol/L LHRH could b2 elicited 


after 13 minutes of — Ca** EBSS perifusion provided there was not prior LHRH treatment during 


this time. 


j 
! 


successive injections of LHRH (197° mol/L) in EBSS 
containing 2 mmol/L, 5 mmol/L, 10 mmol/L, or 20 
mmol/L calcium chloride,’ respectively. Perifusion of 
1 ml of each of these solutions allowed the extracellular 
calcium concentration to be transiently restored or even 
increased. There was no observed effect of any of the 
four treatments on intracellular Ca** (n = 8). How- 
ever, continued perifusion with EBSS containing 1.8 
mmol/L Ca** for 10 minutes restored the intracellular 
Ca** response to LHRH in the same granulosa cell 


(Fig. 5). 


Comment 


Previous studies have demonstrated that LHRH 
stimulates polyphosphoinositide hydrolysis in ovarian 
granulosa cells.*’ Inositol 1,4,5-triphosphate generated 
during polyphosphoinositide breakdown has been pro- 
posed as a mediator of intracellular Ca** mobilization." 
Inositol lipid metabolism is also believed to be involved 
in the regulation of Ca** entry from the external en- 


fe -e'vironmhent by inositol 1,3,4,5-triphosphate.? In the 


ovary increases in intracellular Ca** may serve to mod- 


$ “i «tet s 


ulate the stimulatory or inhibitory effects of LHRH on 
progesterone and prostaglandin E, accumulation.'*'® 
Calcium is required for the inhibitory action of LHRH 
on cyclic adenosine monophospkate and steroid pro- 
duction during long-term incubation of ovarian 
cells.'” 18 In addition, the presence of a Ca** chelator, 
ethvlenediaminetetraacetic acid, in the culture medium 
can diminish the LHRH-induced increase in proges- 
terone production in short-term cultures,’® *° 

In our study the calcium-sensitive fluorescent indi- 
cator fura-2AM was used to study the effect of LHRH 
on intracellular Ca** in single rat granulosa cells. 
LHRH caused rapid and transient Increases in intra- 
cellular Ca**, confirming our previous observation that 
Ca** participates in the action of LHRH on rat gran- 
ulosa cells.’* Again, there did not appear to be a sus- 
tained phase of elevation after the transient increase, 
unlike the intracellular Ca** response to gonadotropin- 
releasing hormone in pituitary gonadotrophs.”? How- 
ever, the precise source of Ca** that contributes to this 
increase remained to be resolved. 

The possible contribution of extracellular Ca** to 
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Fig. 4. Replacement of —Ca** EBSS with Ca**-replete media restores LHRH response. Perifusion 
of —Ca** EBSS was initiated at time zero for period indicated by solid bar. Two sequential injections 
of LHRH (107° mol/L) 15 minutes later did not generate intracellular Ca** response. However, 


replacement of 1.8 mmol/L Ca* 


“in perifusion media restored ability of cell to respond to LHRH. 


‘ Similar results were obtained with 15 cells from seven experiments. 
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Fig. 5. Transient addition of Ca** to —Ca** EBSS—perifused granulosa cells. Cells which had lost 
their intracellular Ca** response to LHRH (107° mol/L) in presence of —Ca** EBSS did not regain 
responsiveness by transient addition of 2, 5, 10, or 20 mmol/L Ca**. However, continued perifusion 
with 1.8 mmol/L Ca** in EBSS allowed LHRH response 10 minutes later. -Ca** EBSS perifusion 
was for period dicated by solid bar. Similar observations were made in eight cells from five exper- 


iments. 


the LHRH-induced intracellular Ca** increase was ex- 
amined with specific calcium channel blockers. Verap- 
amil, diltiazem, and nifedipine have been shown to ef- 
fectively block calcium channels at 107° mol/L. 
However, these blockers had no effect on the LHRH 
response, suggesting that the hormone does not affect 
voltage-dependent Ca** channels in granulosa cells. 
Alternatively, these channels may not exist in this cell 
type. The presence of both L and T Ca** channels has 
been démonstrated in chicken granulosa cells with the 


technique of patch clamping.” The L channel was com- 
pletely inhibited by 16.7 umol’ L nifedipine (dihydro- 
pyridine-type calcium channel blocker). It is known that 
the dihydropyridine type of Ca** channel blocker pre- 
vents movement of Ca** through L-type voltage-de- 
pendent channels, but is not effective on N- or T-type 
voltage-dependent channels or on receptor-operated 


channels.* Because verapamil, nifedipine, and dil. 


azem onlv influence L-type channels, we cannot dismiss, dry, MA 


the possibility of LHRH influencing other types $ö volt-- > 


4 X 
7 = t 4 D, 
k a e ~ 

Ki mE 4 x 
\ “aX. ajo 
tan Y en 

* x ? 
y ‘ Ay A aL) 


n 


546 Wang etal. 


age-dependent Ca** channels. However, to our knowl- 
edge these voltage-dependent channels have not been 
reported to exist in rat granulosa cells. 

The possibility of LHRH effects on K*-dependent 
Ca~~ channels was studied with high K* buffer. The 
lack of effect of high K* buffer on the LHRH-induced 
response indicates that these channels do not contribute 
to the increase in intracellular Ca**. Furthermore, per- 
ifusion with high K* buffer did not affect the resting 
intracellular Ca** level, suggesting that these channels 
may not even exist in rat granulosa cells. 

The involvement of extracellular Ca** in the tran- 
sient LHRH-induced intracellular Ca** increase was 
also investigated with media lacking Ca**. LHRH-in- 
duced changes in intracellular Ca** were completely 
abolished by perifusion of the cells with —Ca** EBSS 
within 20 minutes. This abolition could have been 
caused by either the lack of an extracellular Ca** source 
or a depletion of intracellular Ca**. Support for the 
latter arises from the observation that complete abol- 
ishment of the LHRH-induced intracellular Ca** re- 
sponse was a gradual process. Considering the volume 
of the cell chamber (350 pl) and the flow rate of the 
pezifusion medium (2 ml/minute), an extracellular 
Ca**-free condition should have been reached in <5 
minutes. However, the response to LHRH was still ob- 
served (albeit attenuated) for 8 to 14 minutes after per- 
ifusion with —Ca*t* EBSS. Repeated stimulation with 
LHRH (107° mol/L) in the same cell resulted in a more 
rapid loss of the intracellular Ca** response to this 
hormone under low Ca**' conditions (Fig. 3). We sug- 
gest that LHRH stimulation accelerated the depletion 
of intracellular Ca** pools and that the loss of response 
to LHRH was the result of this effect. Indeed, intra- 
cellular stores of calcium normally require repeated 
stimulation in the absence of external Cat* to be de- 
pleted.” However, prolonged efficient washing in 
—Ca** EBSS in the absence of hormone stimulation 
was also apparently effective in depleting intracellular 
Ca**, which may suggest. the presence of a somewhat 
more labile LHRH-sensitive pool of intracellular Ca**. 

Transient restoration of extracellular Ca** during 
~Ca** EBSS perifusion failed to restore the ability of 
the cells to respond to LHRH (Fig. 5). Furthermore, 
after —Ca** EBSS perifusion, continued perifusion 
with EBSS-containing 1.8 mmol/L Ca** was required 
for 5 to 10 minutes before the LHRH-induced intra- 
cellular Ca** response was fully restored. The present 
deta indicate that the rapid and transient LHRH-in- 
duced intracellular Ca** response results primarily 
from the release of Ca** from intracellular Ca** pools. 
However, we cannot dismiss the possibility that extra- 
cellular Ca** may be required to maintain these pools 
in a fashion similar to the “capacitative” model previ- 
ously described by Putney and Takemura.” *° In this 
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respect extracellular Ca** may play an indirect role in 
the LHRH-induced release of intracellular Ca**. 

Many studies have concentrated on the question of 
which intracellular pool is responsible for intracellular 
Ca*~ mobilization. The site at which inositol 1,4,5-tri- 
phosphate acts has been shown to be an adenosine tri- 
phosphate—dependent, nonmitochondrial Ca** pool, 
probably the endoplasmic reticulum.” Although the 
present results indicate that the intracellular Ca~* pools 
are probably responsible for the rapid LHRH-induced 
increase in intracellular Ca**, the relative importance 
of the mitochondria and the endoplasmic reticulum in 
granulosa cell cytosolic Ca** regulation remains un- 
certain. | 

Two phases of Ca** mobilization in response to 
LHRH administration have been seen in pituitary 
cells.’ The rapid and transient phase has. been at- 
tributed to Ca** release from intracellular stores, and 
the latter sustained phase has been attributed to entry 
of extracellular Ca* +. We have seen no evidence for 
this sustained phase in individual rat granulosa cells. 
However, our observations of the transient intracellular 
Ca** response to LHRH in the ovarian granulosa cell 
support the notion of an intracellular source rather 
than a flux of extracellular Ca** through membrane 
channels. 

In summary, our study shows that LHRH causes a 
rapid and transient increase in intracellular Ca** in 
individual rat granulosa cells. Our data suggest that an 
intracellular pool of calcium is primarily involved in 
this response. The depletion of this intracellular pool 
appears to occur simply as a result of prolonged ex- 
posure of cells to a medium containing no added cal- 
cium. In addition, this depletion can be accelerated by 
stimulation with LHRH. Finally, our results support the 
role of LHRH as an autocrine or paracrine mediator 
in the rat ovary and the role of calcium as a second 
messenger in the action of LHRH. 
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Comparative analysis of normal and growth-retarded placentas 


with phosphorus nuclear magnetic resonance spectroscopy 


. Helen H. Kay, 
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Durham, North Carolina 


OBJECTIVE: Phosphorus 31 magnetic resonance spectroscopy studies were carried out on placentas 
from normal vaginal and elective cesarean deliveries without antenatal complications and from 
pregnancies complicated by intrauterine growth retardation of unknown cause to determine differences. 
STUDY DESIGN: Perchloric acid extraction was performed on frozen tissue, and quantitative analysis was 
carried out for well-resolved resonances representing adenosine triphosphate, sugar phosphate, inorganic 
phosohorus, diphosphoglycerate, glycerophosphorylethanolamine, and glycerophosphoryicholine. 
RESULTS: Adenosine triphosphate levels were highest in the growth-retarded group. There were 
significantly higher levels of sugar phosphate, diphosphoglycerate, and glycerophosphorylcholine in the 
placentas of the growth-retarded pregnancies compared with.those from normal placentas. 
CONCLUSION: These differences may represent a response to hypoxia and an increase in the amount of 
blood in the placenta. The results dernonstrate the utility of nuclear magnetic resonance spectroscopy for 
studying the pathology of abnormal placentas to gain a better understanding of the pathology and 
represent early steps toward in vivo spectroscopic studies of the placenta. (AM J OBSTET GYNECOL 


1992:167:548-53.) 


Key words: Phosphorus 31 nuclear magnetic resonance spectroscopy, human placenta, 


perchloric acid extraction, intrauterine growth retardation 


Intrauterine growth retardation (IUGR) is a com- 
plication of pregnancy affecting as many as 4% to 7% 
of all pregnancies.’ The causes of fetal growth retar- 
dation include maternal hypertension, cigarette and 
other substance abuse, in utero infection, and chro- 
mosomal disorders. In many cases, however, a specific 


cause is never identified. The placenta, which serves 


many critical functions for the fetus, is an important 
organ to study in any attempt to understand the cause 
of idiopathic IUGR. 

Very little is known about'the role of the placenta in 
fetal IUGR. Most studies have focused on pathologic 
and histologic examinations.' These investigations, how- 
ever, tended to be nonspecific because of the many 
different causes of IUGR.?: Other studies on animals 
have reported a decrease in glucose and amino acid 
transfer to the fetus.*° Few studies, however, have yet 
focused on a biochemical analysis of placental metabolic 
function. Such analysis may ‘be particularly informative 
in cases where the cause is unidentified. 
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Nuclear magnetic resonance (NMR) spectroscopy of- 
fers a unique method for studying placental metabolic 
function. It is a noninvasive technology that sirnulta- 
neously monitors naturally occurring molecules in bi- 
ologic tissue. In a previous report® we described the 
phosphorus 31 magnetic resonance spectra of fresh ` 
human. placental tissues and perchloric acid~extracted 


tissue. We also detailed the quantitative analysis of 


adenosine triphosphate and inarganic phosphorus 
levels in the placental extracts. In the current study we 
extend our quantitative analysis to other metabolites 
easily visible in the phosphorus spectra, such as sugar 
phosphate, diphosphoglycerate, glycerophosphoryl- 
ethanolamine, and glycerophosphorylcholine. We have 
focused our analysis on a comparison of placentas from 
idiopathic growth-retarded pregnancies and rormal 
pregnancies to gain further insights into the cause of 
the growth retardation. 


Material and methods 


Five placentas from pregnancies antenatally identi- 
fied as complicated by IUGR of unknown cause were 
obtained at the time of delivery by cesarean section. 
These were confirmed as growth-retarded placentas by 
neonatal weights <1l0th percentile with Brenner’s 
growth curve.’ The mean birth weight was 1253 + 207 
gm ata mean gestational age of 35.3 + 0.9 weeks con- 
firmed by ultrasonographic examination before 20 
weeks. Thorough chart review and patient interview 
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revealed no specific cause such as hypertension, ciga- 
rette or drug abuse, viral illnesses, or prenatal compli- 
cations, i.e., bleeding. The mean placental weight was 
198 + 32 gm, and there were no gross abnormalities 
such as infarctions or abruptio placentae seen on in- 
spection. Small pieces of placental tissue were removed 
from multiple regions on the maternal side by sharp 
dissection and placed into liquid nitrogen within ] min- 
ute and stored in a ~ 70° C freezer for later analysis. 
Similarly, placentas from normal, uncomplicated preg- 
nancies obtained from eight vaginal deliveries and eight 
elective cesarean section deliveries were harvested and 
frozen in the same fashion. Placentas in all three groups 
were obtained in the third trimester. 

At the time of extraction the tissue was removed from 
the freezer and pulverized in liquid nitrogen with a 
stainless steel Waring blender (Dynamics Corp. of 
America, New Hartford, Conn.). A perchloric acid ex- 
tract was performed as previously described.° Briefly, 
a 20 gm sample of finely ground placental tissue was 
mixed with 20 ml of 1 mol/L perchloric acid that had 
been precooled to ~ 78° C in dry ice. The perchloric 
acid—tissue mixture was allowed to warm to approxi- 
mately — 10° Cin the ambient air for 15 minutes during 
which time the metabolites were extracted. The extract 
was then centrifuged at 40,000g at — 4° C for 20 min- 
utes to separate the solid fraction from the liquid frac- 
tion. The liquid supernatant containing the extracted 
metabolites was then decanted into a chilled beaker and 
neutralized to pH 7.0 at 4° C through the dropwise 
addition of potassium hydroxide. The potassium 
perchlorate precipitated during neutralization was re- 
moved by a second centrifugation step identical to the 
first, and the supernatant was then passed over a 
Chelex-100 chelating resin (Sigma Chemical Co., St 
Louis) to remove divalent cations. The extract was again 
titrated to neutral pH with diluted perchloric acid, fro- 
zen in a vacuum flask (Virtis Co., Gardiner, N.Y.), and 
lyophilized to dryness. The extract was then resus- 
pended in 5 ml of 40% deuterated water for quanti- 
tation of spectra. The extracts were placed in the outer 
chamber of a coaxial 10 mm NMR tube (Wilmad Glass, 
Buena, N.J.) with an external reference standard of 25 
mmol/L. hexachlorocyclotriphosphazene mixed with 
31 mmol/L chromium acetylacetonate (Aldrich Chem- 
ical Inc., Milwaukee} in an inner coaxial insert. Spectra 
were obtained with a 21 psec pulse giving a 70° Hip 
angle, an acquisition period of 1.12 seconds, a relaxa- 
tion delay of 15 seconds (total pulse recycle time 16.12 
seconds), and 160 acquisitions. 

When phosphorus nuclei have sufficient time to re- 
turn to their equilibrium state, 1.e., fully relaxed state, 
their peak intensities are proportional to the concen- 
tration of the metabolite present. To assess the conse- 
quence of the pulse recycle time (acquisition time of 
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1.12 seconds plus variable delay) on the extent of nu- 
clear relaxation, spectra were obtained at recycle times 
of 6.12, 11.12, 16.12, 21.12, 31.12, and 61.12 seconds. 
The hexachlorocyclotriphosphazene and f-adenosine 
triphosphate resonances are fully relaxed under con- 
ditions of our “standard” 16.12-second recycle time.® 
The sugar phosphate, inorganic phosphate, glycero- 
phosphorylethanolamine, and glycerophosphorylcho- 
line resonances, respectively, return to 93.7%, 97.4%, 
95.1%, and 98.6% of their equilibrium states at the 
16.12-second recycle time. The following “saturation 
correction factors” are then used to correct the inte- 
grated intensities of the signals obtained at 16.12 sec- 
onds: adenosine triphosphate 1.00, hexachlorocyclctri- 
phosphazene 1.00; sugar phosphate 1.07, inorganic 
phosphate 1.03; glycerophosphorylcholine 1.05, and 
glycerophosphorylethanolamine 1.01 before calcula- 
tion of metabolite concentrations. 

The quantitative analysis is previously reported.® Me- 
tabolite quantitation was performed with the external 
reference standard of hexachlorocyclotriphosphazene 
and chromium acetylacetonate as a spin relaxation 
agent (Aldrich) in a coaxial capillary system. In brief, 
the integrated peak area of a phosphorus resonance 
was divided by the integrated peak area of the hexa- 
chiorocyclotriphosphazene reference signal. The ratio 
for the B-adenosine triphosphate resonance is then 
used to quantitate the adenosine triphosphate metab- 
olite present with a calibration curve previously con- 
structed for varying known concentrations of adeno- 
sine triphosphate. The adenosine triphosphate levels 
and the B-adenosine triphosphate/hexachlorocyclotri- 
phosphazene ratio are related by the equation 
Y = 0.035 + 0.088X. After calculation of the concen- 
tration of adenosine triphosphate, the remaining peak 
ratios and their corresponding saturation correction 
factors were then used to determine the final concen- 
tration of the other metabolites. 

All spectra were obtained on a 300 MHz NMR spec- 
trometer (model GN-300 WB General Electric, Fre- 
mont, Calif.) interfaced with a wide-bore supercon- 
ducting magnet (89 mm bore, 7.0 tesla field) in the 
Duke Magnetic Resonance Spectroscopy Center. A 
standard 20 mm broad band probe (General Electric) 
tuned to 121.4 MHz was used for “P spectroscopy. 
Spectroscopic data were collected at the ambient op- 
erating probe temperature (approximately 22° C) with- 
out temperature regulation. To avoid radiofrequency 
heating effects on the tissue and extracts, no proton 
decoupling was used. *'P chemical shifts are referenced 
to phosphocreatine at 0.00 parts/million. 

Statistical analysis was accomplished with a Stat- 
graphics program (Statistical Graphics Corporation, 
STSC, Rockville, Md.). The means and standard de- 
viation of each metabolite were calculated for the three 
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Fig. 1. Phosphorus NMR spectrum of perchloric acid—extracted placental tissue from normal vaginal 
delivery. Note resonances for external reference standard hexachlorocyclotriphosphazene (HCCTP), 
diphosphoglycerate (DPG), sugar phosphate (SP), inorganic phosphate (Py), glycerophosphoryl- 
ethanolamine (GPE), glycerophosphorylcholine (GPC), phosphocreatine (PCr), and adenosine tri- 


phosphate ( ATP). 


groups (vaginal delivery, cesarean section, and growth 
retardation). A one-way analysis of variance was per- 
formed to determine the presence of a statistical dif- 
ference among the means of the three groups. A mul- 
tiple-range analysis or a ¢ test was performed to deter- 
mine specific differences among each of the three 


groups. 
Results ; 

Fig. | shows the phosphorus spectrum from a per- 
chloric acid extract of a normal placenta. Of note are 
the distinct and well resolyed resonances for hexa- 
chlorocyclotriphosphazene, sugar phosphate, diphos- 
phoglycerate, inorganic phosphorus, glycerophosphor- 
ylethanolamine, glycerophosphorylcholine, and the 
three phosphorus nuclei of adenosine triphosphate. 
Note that there is very little phosphocreatine at 0 
parts/million, and there is a large amount of inorganic 
phosphorus. | 

Table I lists the placental 'metabolite concentrations 
determined by *P NMR for vaginal-delivery placentas, 
cesarean-section placentas and growth-retarded pla- 
centas delivered by cesarean section. The table specif- 
ically lists the mean concentration and standard devia- 


tion for each of the metabolites of the three placenta 
| 


groups. The mean concentrations of the phosphorus 
metabolites are highest in the IUGR group, by almost 
a factor of two compared with the vaginal and cesarean 
section groups, except for inorganic phospnorus. 
There are no statistically significant differences among 
the metabolites between the vaginal and cesarean sec- 
tion placentas. However, there are statistically signifi- 
cant differences among the adenosine triphosphate, 
sugar phosphate, diphosphoglycerate, and glycero- 
phosphorylcholine levels between the growth-retarded 
placentas and those from normal vaginal and cesarean 
section deliveries. 


Comment 


The current study is a comparative analysis of pla- 
centas from normal and abnormal pregnancies with 
phosphorus NMR spectroscopy. Our findings suggest 
that NMR spectroscopy, with its ability to simulta- 
neously display the levels of several metabolites, can be 
extremely useful for in vitro and in vivo biochemical 
analysis. In this study the NMR analysis yields further 
insights into placental metabolism. Human in vivo 
NMR studies in diagnostic medicine are currently fo- 
cused on ischemic brain injury, muscle dystrophy, and 
tumor response to chemotherapy.® With continued de- 
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Table I. Placental metabolite concentrations determined by phosphorus NMR spectroscopy 





(n = 8) (mean + SD) 
(umol/ gm wel weight) 






Metabolite 


Adenosine triphosphate 0.270 + 0.189 
Sugar phosphate 1.103 + 0.308 
Inorganic phosphate 2.586 + 0.308 
Diphosphoglycerate 0.383 + 0.135 
Glycerophosphorylethanolamine 0.273 + 0.095 
Glycerophosphorylcholine 0.556 + 0.139 


Normal cesarean section 
(n = 8) (meen + SD) 
(moli gm wet weight) 


Normal vaginal delivery 












Growth retardation 
(n = 5) (mean + SD) 
(umol/ gm wet weight) 









p Value* 





0.426 + 0.154 0.547 + 0.1604 0.0295 
1.502 + 0.305+¢ 2.137 + 0.3198 0.0001 
3.477 + 1.643 3120 £ L077 0.2740 
0.426 + 0.1514 0.712 + 0.090§ 0.0010 
0.347 + 0.084 0.440 + 0.166 0.0528 
0.685 + 9.1305 1.112 + 0.3488 0.0005 


*The p values obtained from a one-way analysis of variance to test differences between means in all three groups. 
yStaustically significant difference between the growth-retarded and normal vaginal delivery groups by a / test but not the 


multiple range test. 


tStatistically significant difference between the growth-retarded and normal cesarean section groups by multiple range test. 
§Statistically significant difference between the growth-retarded and normal vaginal delivery groups by multiple range test 


velopments in technology, detailed analysis may some- 
day be feasible for in vivo spectroscopic studies of the 
human placenta. 

Our current report focuses on differences between 
spectra from tissue extracted with perchloric acid both 
for the increased resolution available to identify bio- 
chemical change and with the expectation that these 
differences, once established, may be visible in whole 
placental tissue. It is an important first step to char- 
acterize the NMR spectra of human placental extracts 
to facilitate the analysis of peaks in the spectra from 
gross tissue for relevant biochemical and diagnostic 
studies in the future. Our previous preliminary studies 
on gross placental tissue demonstrated obvious reso- 
nances for sugar phosphate, inorganic phosphorus and 
adenosine triphosphate. The diphosphoglycerate, gly- 
cerophosphorylethanolamine, and glycerophosphor- 
ylcholine resonances were not well resolved. In addi- 
tion, phosphocreatine was absent in the spectrum of 
gross tissue. However, with perchloric acid extraction 
we were able to confirm the presence of phosphocrea- 
tine albeit in very small quantities. We were also able 
to determine tissue adenosine triphosphate levels from 
the extracts. 

In this study we performed further analyses on the 
spectra from perchloric acid—extracted tissue. We 
found different adenosine triphosphate levels in the 
three groups studied. They were lowest in the vaginal 
delivery group, although not statistically different from 
the cesarean section group. The adenosine triphos- 
phate level is highest in the IUGR group with a statis- 
tical difference from the vaginal delivery group. 
Bloxam”® also reported lower levels of adenosine tri- 
phosphate in placentas from vaginal deliveries than 
from placentas from cesarean section. This may, in 
part, be due to varying amounts of blood within the 
placentas. Less blood is expected in vaginal delivery 
placentas because blood is squeezed out of the sinuses 
during labor and delivery. We have previously found® 


that the blood concentration within the placentas is sig- 
nificant and may account for as much as 30% to 50% 
of the total amount of adenosine triphosphate seen. 
Therefore the fact that the highest level was found in 
the IUGR placentas is interesting and suggests that 
these placentas may have the largest amount of blood. 
This is further supported by the fact that diphospho- 
glycerate, which is a major component of blood, is pres- 
ent at the highest level in the IUGR group and is sta- 
tistically different from the other two groups. This in- 
crease in blood content in the IUGR placentas may 
represent a compensatory increase in blood flow. 

It is also possible that differences in the adenosine 
triphosphate levels result from varying oxidative phos- 
phorylation requirements within the placentas at the 
time of celivery. Levels are likely to be lower in the 
vaginal delivery group because the adenosine triphos- 
phate is used during the process of labor. The increased 
levels in placentas from growth-retarded pregnancies, 
on the other hand, could arise from a need to increase 
oxidative phosphorylation to maintain fetal viability be- 
cause of possible uterine stresses. Although glycolysis 
predominates in the placenta,'® the hypothesis that 
other aerobic pathways in stressed placentas may pro- 
duce larger amounts of adenosine triphosphate cannot 
be excluded. The role of adenosine triphosphate in 
placental tissue has not yet been totally characterized, 
although it has been shown to be important in the act 
of ion transport in placental tissue”! and its levels have 
been investigated in preeclamptic placentas.’*'* With- 
out knowing the actual contribution of blood in an in- 
dividual placenta we are unable to determine the true 
increase in oxidative phosphorylation from the tissue 
per se. To our knowledge there are no accurate means 
to determine blood content with our methodology, and 
other means, such as histologic examination of each 
placenta to compare the intervillus vascular space with 
the villus tissue space, are at best estimates of the blood 
contribution. 
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The most interesting and particularly remarkable 
finding in this study is the result that the overall phos- 
phorus metabolite levels not restricted to adenosine tri- 
phosphate levels alone are higher in the growth-re- 
tarded placentas compared with the normal placentas 
(Table I). On the basis of our analysis there appear to 
be statistically significant differences in the metabolites 
of the growth-retarded placentas compared with the 
others in all categories, except for inorganic phospho- 
rus and for glycerophosphorylethanolamine, where the 
concentration difference was close to being statistica_lv 
significant with a p value of 0.0528. A statistically .sig- 
nificant difference in the sugar phosphate levels, which 
includes such compounds as glucose-6-phosphate and 
fructose-6-phosphate, could represent enhanced cer- 
bohydrate metabolism, through glycolysis, in the 
growth-retarded placentas. The difference in the di- 
phosphoglycerate levels is striking and, as previously 
mentioned, may be consistent with a higher amount 
of blood in the placenta. The differences noted in 
the glycerophosphorylethanolamine and glycerophcs- 
phorylcholine levels suggest a higher level of mem- 
brane phospholipid synthesis or turnover, because 
these are important components in cell membrane 
phospholipids. A previous study by Noyszewski et aL” 
also reported an increase in the glycerophosphorvl- 
choline peak intensity in growth-retarded placentas 
compared with normal placentas, although their resu'ts 
were not quantitated and were performed on pieces of 
fresh, nonextracted placenta bathed in a perfusate. in 
this current study the higher levels of nucleotide, car- 
bohydrate, and membrane components in the growta- 
retarded placentas may be important indicators of in- 
creased cell damage and repair in these placentas, com- 
pared with a normal healthy placenta. 

The highest levels of metabolites were found in in- 
organic phosphorus. Although there was no significant 
difference among the levels in the three groups, it was 
the highest in the IUGR group, which may be consistent 
with increased cellular metabolism because it has been 
suggested that large amounts of inorganic phosphate 
may be necessary for enzymatic function.'® 

Although the current results do not necessarily ex- 
plain the cause of the growth retardation in the preg- 
nancies studied, they do suggest that there may be pla- 
cental response to hypoxia. Fox” and MacLennan et 
al."* have shown that human placental villi and tropho- 
blasts in culture undergo syncytial degeneration and a 
marked increase in the number of cytotrophoblast-c 
cells when exposed to hypoxic conditions. The higher 
levels of phosphorus-containing metabolites seen in our 
IUGR placentas could similarly represent repair and 
regenerative processes in the placenta in response to 
hypoxia. In these cases of idiopathic IUGR, hypoxia 
may exist in the placental.bed but may ‘not be recog- 
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nized clinically. A placental reaction to hypoxia in these 
idiopathic cases of fetal growth retardation is consistent 
with other conditions known to be associated with 
IUGR, such as hypertension or infection, because these 
conditions can lead to hypoxia in the placental bed. 
Therapeutic efforts directed at correcting the hypoxia, 
such as with the use of aspirin to decrease thromboxane 
production,'’? may be further supported by these 
findings. 

Finally, it should be pointed out that the analyses 
undertaken in this study could have been carried out 
with other traditional biochemical tools. However, the 
NMR spectroscopic analyses offers the distinct advan- 
tage of a simultaneous study of all phosphorus-con- 
taining metabolites in one spectrum and the prospect 
for using NMR as an in vivo biochemical probe. Our 
current spectral results, which demonstrate an overall 
increase in phosphorus metabolites, have allowed us 
the insight that clinically unrecognized hypoxia may be 
one of the underlying causes of idiopathic IUGR. 


NMR spectra were obtained at the Duke University 
NMR spectroscopy center, which is funded by the Na- 
tional Institutes of Health, the National Science Foun- 
dation, the North Carolina Biotechnology Center, and 
Duke University. 
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Electrocortical activity, electroocular activity, and breathing 


movements in fetal sheep with poong ed and 


graded hypoxemia 
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OBJECTIVE: Our objective was to determine the effect of a prolonged and graded reduction in fetal 
arterial oxygen saturation on electrocortical activity and associated biophysical variables. 

STUDY DESIGN: Fourteen unanesthetized fetal sheep were studied between 126 and 135 days’ gestation 
with continuous monitoring of electrocortical and electroocular activity and breathing movements, during a 
24-hour contro! period, and subsequently during 4 days of prolonged and graded hypoxemia induced by 


progressively lowering the maternal inspired oxygen concentration. 


RESULTS: Graded reduction in fetal arterial oxygen saturation resulted in little change in arterial pH until 
close to 30% when metabolic acidemia was apparent. The incidence of low-voltage electrocortical activity, 
electroocular activity, and breathing movements were marginally decreased with hypoxemia alone; 
however, a significant decrease was not apparent until associated with the onset of fetal acidemia. 
CONCLUSION: Hypoxemia of a chronic nature must approach the level at which acidemia becomes 
apparent before a marked change in fetal behavioral activity is noted. (Am J OBSTET GYNECOL 


1992:167:553-8.) 


Key words: Fetal behavior state, breathing movements, hypoxemia 


It is well recognized that the human fetus near term 
displays a periodicity in behavioral and biophysical pa- 
rameters with coincidence of such into well-defined be- 
havioral states similar to those described for the human 
newborn.’ Cyclic changes in fetal behavioral state and 
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state-related parameters are thus characteristic of the 
healthy fetus and provide a basis for the biophysical 
assessment of fetal health.” However, although bio- 
physical parameters appear to reflect fetal health at the 
time of study,” their time course for alteration when 
fetal oxygenation becomes restricted is unknown, which 
may limit their usefulness in predicting fetal com- 
promise. 

Studies with the chronically catheterized fetal lamb 
with short-term, induced hypoxemia show the inci- 
dence of low-voltage electrocortical activity, electro- 
ocular activity, and breathing movements to be variably 
reduced.** Although further supporting the role of bio- 
physical parameters in the assessment of fetal health, 
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these studies do not predict the response to a slow and 
progressive decrease in fetal oxygenation, as might be 
encountered in the high-risk human pregnancy. To de- 
termine the effect of a progressive decrease in fetal 
oxygenation on behavioral activity, we have therefore 
studied fetal electrocortical activity as a measure of be- 
havioral state and associated biophysical parameters, 
including electroocular activity and breathing move- 
ments in the chronically catheterized sheep fetus with 
prolonged and graded reductions in fetal arterial oxy- 
gen saturation. } 


Material and methods 


Surgical procedures. Guidelines for the care and use 
of animals were followed as established by the Canadian 
Council on Animal Care and approved by the univer- 
sity. Studies were performed on 14 fetal sheep of mixed 
breed between 126 and 135 days’ gestation (term 147 
days). Fetuses were prepared for study at least 3 days 
before initiation of all experiments. The ewes were an- 
esthetized with 1.0% to 1.5% halothane and 50% oxy- 
gen/50% nitrous oxide, and the uterus was exposed 
and opened through a lower abdominal midline inci- 
sion. Polyvinyl catheters were placed in the brachioce- 
phalic trunk, the inferior vena cava, and the sagittal 
sinus, as previously reported.’ Tracheal and amniotic 
fluid catheters were also placed as previously de- 
scribed.’ Electrodes of Teflon-coated stainless steel wire 
(Cooner, Chatsworth, Calif.) were implanted bipari- 
etally on the dura for fetal electroencephalographic 
recordings and through the lateral orbital ridge of the 
zygomatic bone of each eye for electroocular record- 
ings. A reference electrode was placed in the loose con- 
nective tissue overlying the occipital bone of the skull. 
The catheters, containing. heparinized saline solution, 
and wires were exteriorized through the flank of the 
ewe, and the abdomen was closed in layers. Polyvinyl 
catheters were then placed in the maternal femoral 
artery and vein. At the time of surgery, 1 gm of di- 
hydrostreptomycin and 800,000 U of penicillin G were 
injected intramuscularly into the ewe, and after the 
uterus was closed 1,000, 000 U of penicillin G was in- 
jected into both the fetal hind-limb vein and the am- 
niotic cavity. This antibiotic coverage was continued 
daily for 2 to 3 days. Postoperatively the animals were 
maintained in individual cages suitable for continuous 
monitoring, with food and water available. 

Physiologic measurements. Each fetal lamb was 
studied during a 24-hour normoxic control period and 
subsequently during 4 days of prolonged and graded 
hypoxemia. Strain gauge manometers (Statham model 
P-23 ID, Gould, Oxnard,’ Calif.) and a strip-chart re- 
corder (model 78D, Grass; Quincy, Mass.) were used to 
record pressures in the trachea, amniotic fluid, and 
brachiocephalic artery. Mean arterial blood pressure 
referenced to amniotic fluid pressure was calculated as 
diastolic plus 0.4 of pulse pressure. Electrical signals 
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were processed with a common mode rejection pream- 
plifier (model 7 P511J, Grass). Fetal heart rate was mea- 
sured by a cardiotachometer (model 7P44B) triggered 
from the arterial pulse pressure wave. Fetal electro- 
cortical and electroocular potentials were displayed di- 
rectly on the chart recorder passing through a passive 
band-pass filter, 0.3 to 30 Hz on the preamplifier. 

Continuous recordings of electrocortical, electro- 
ocular potentials, tracheal pressure, amniotic fluid 
pressure, fetal arterial blood pressure, and fetal heart 
rate were obtained throughout the normoxic control 
period and the 4 days of induced hypoxemia. During 
this time the ewe’s head was placed in a perspex cham- 
ber (volume 4.6 cubic feet) secured within the animals’ 
cage, yet allowing for free access to food and water. 
Prolonged and graded hypoxemia was induced by pro- 
gressively lowering the oxygen concentration within the 
perspex chamber with 1% to 2% carbon dioxide added 
as monitored by periodic measurement of oxygen and 
carbon dioxide gas tensions; on day | to 18%, day 2 to 
16%, day 3 to 12% to 14%, and on day 4 to 10% to 
12% with the change in maternal inspired oxygen con- 
centration occurring at approximately 10 AM each day. 
Total gas flow to the perspex chamber was 40 L/min. 
Fetal arterial blood was sampled three times each day 
at ~8 AM, 12 noon, and 3 pm during both the 24-hour 
control period and the 4 days cf induced hypoxia. At 
12 noon each day a paired sagittal vein blood sample 
was also obtained and radionuclide-labelec micro- 
spheres were injected into the inferior vena cava for 
determination of regional organ blood flows. 

All blood samples were analyzed for oxygen satu- 
ration, hemoglobin, oxygen content, pH, Po,, and PCO}. 
Brachiocephalic artery blood samples at 12 noon each 
day were also analyzed for corticotropin and cortisol. 
Fetal blood loss per day was ~4 ml from blood sampling 
and 4 ml for reference sampling for blood flow deter- 
minations. On completion of each daily microsphere 
injection and subsequent blood sampling, the fetus was 
transfused with 8 ml maternal blood. 

Arterial oxygen saturation and hemoglobin were 
measured in duplicate by an OSM2 (Radiometer, Co- 
penhagen) hemoximeter, and oxygen content was 
then calculated with an oxygen capacity of 1.36 ml oxy- 


: gen/gm hemoglobinë. Blood pH, Po,, and PCO» were 


analyzed on an ABL-3 (Radiometer) blood gas analyzer 
with temperature corrected to 39.5° C. Oxygen and 
carbon dioxide concentrations within the perspex 
chamber were also analyzed on an ABL-3 blood gas 
analyzer. 

Data analysis. Although all animals showed a pro- 
gressive decrease in oxygenation, fetal arterial oxygen 
saturation values were nonetheless variable, averaging 
57.0% + 2.3% (SEM) on the control day (range 70.4 
to 44.2) and with induced hypoxia decreasing to 
46.2% + 3.1% on day 1 (range 63.3 to 27.0), 
36.4% + 3.3% on day 2 (range 55.6 to 18.8), 


£) 
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Table I. Brachiocephalic arterial blood measurements 


Arterial oxygen satura- 65.3 + 0.9 54.5 + 0.8* 
tion (%) (n = 13) (n = 13) 
Arterial oxygen content 3.9 + 0.1 3.02: 01+ 
(mmol/L) (n = 13) (n = 13) 
PaO (torr) 25.7 + 1.0 22.2 + 1.0 

(n = 13) (n = 13) 
Paco; (torr) 45.7 + 0.7 45.9 + 1.0 
(n = 13) (n = 13) 
pH (arterial) 7.37 + 0.01 7.37 + 0.01 
(n = 13) (n = 13) 
Base excess (mmol L) 1.] + 0.4 0.9 + 0.5 
(n = 13) (n = 13) 
Hemoglobin (gm/100 ml) 10.0 + 0.3 10.2 + 0.3 
(n = 13) (n = 13) 
Data presented as mean + SEM.. 
*#h < 0.01. 
tp < 0.05. 
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Arterial oxygen saturation 


60%-50% 50%-40% 40%-30% <30% 


46.1 + 0.7* 35.5 + 0.6* 227-2 1.0* 
(n = 12) (n = 13) (n = 14) 
2.9 + 0.1* 2.4 + 0.1* 1.5 + 0.1* 
(n = 12) (n = 13) (n = 14) 
20.6 + 1.2 18.4 + 1.3* 16.4 + 1.3* 
(n = 12) (n = 13) (n = 14) 
45.6 + 1.3 46.0 + 1.4 48.3 + 1.7 
(n = 12) (n = 13) (n = 14) 
7.37 + 0.01 7.35 + 0.0] 7.26 + 0.02* 
(n = 12) (n = 13) (n = 14) 
0.7 = 0:7 —0.3 + 0.6 —5.5 + 1,5* 
(n = 12) (n = 13) (n = 14) 
10.4 + 0.3 10.8 + 0.3 10.8 + 0.4 
(n = 12) (n = 13) (n = 14) 


Table II. Incidence of low- and high-voltage electrocortical activity, electroocular activity, and 


breathing movements 


Arterial oxygen saturation 


60%-50% 50%-40% 40%-30% <30% 


Low-voltage electrocortical 53.0 + 1.4 49.5 + 2.4 
activity (%) (n = 12) (n = 12) 

High-voltage electrocorti- 40.0 + 1.7 45.2 + 2.6 
cal activity (%) (n = 12) (n = 12) 

Electroocular activity (%) 45.9 + 3.5 40.1 + 4.0 

(n = 12) (n = 12) 

Fetal breathing movement 27.0 + 3.4 20.8 + 4.5 
(%) (n = 10) (n = 9) 

Data presented as means + SEM. 

*y < 0.01, 

tp < 0.05. 


28.9% + 3.1% on day 3 (range 43.8 to 15.2), and 
22.4% + 2.4% on day 4 (range 29.6 to 12.8). The time 
course for this decrease was also variable, with only 
seven of the 14 animals studied through the entire 4 
days of induced hypoxemia, because four of the ani- 
mals showed a developing metabolic acidosis of the 
third day and three of the animals on the second day 
of induced hypoxia with the animals put to death that 
same day. Results obtained have therefore been 
grouped according to fetal arterial oxygen saturation 
with a mean value obtained for each animal within a 
grouping for multiple values. Data are then presented 
as grouped means + SEM in relationship to changes 
in arterial oxygen saturation. Measurements were not 
obtained from all animals for each oxygen saturation 
grouping because of experimental variability in the re- 
sponse to induced oxygen concentration changes within 
the perspex chamber and to intermittent catheter or 
electrode failure (Tables I and JI). Electrocortical ac- 
tivity was assessed by visual analysis into periods of high 
voltage (100 to 200 pV), low voltage (<50 pV), and 


47.6 + 1.6 46.3 + 2.3 35.1 + 4.1* 
(n = 11) (n = 12) (n = 13) 
46.9 + 2.8 46.5 + 3.0 58.5 + 4.8f 
(n = II) (n = 12) (n = 13) 
38.3 + 2.2 34.0 + 4.4 17.0 + 4.2* 
(n = 11) (n = 1!) (n = 12) 
19.3 + 5.7 19.0 + 5.0 5.7 + 2.6% 
(n = 7) (n = 9) in = 10) 


intermediate voltage (50 to 100 pV). Fetal breathing 
movements were defined as repeated negative deflec- 
tions in tracheal pressure (corrected for amniotic pres- 
sure) of >2 mm Hg lasting for >30 seconds. The in- 
cidence of electrocortical states, electroocular activity, 
and fetal breathing movements were determined as a 
percentage of the recording time evident for the hour 
before and after each fetal blood sampling with the 
measured arterial oxygen saturation presumed to be 
representative of the fetal blood gas status for that time 
interval. The data reported were examined by non- 
paired ¢ test analysis with significance determined with 
a Bonferroni correction for multiple comparisons. Ce- 
rebral metabolic data and the regional blood flow 
changes will be reported separately as will the corti- 
cotropin and cortisol data. 


Results 

The oxygen concentration in the perspex chamber 
measured 21.6% + 0.3% on the control day and with 
induced hypoxia decreased to 17.6% + 0.3% on day 
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! ; 
Fig. 1. Grouped and meaned arterial pH values for individual animals plotted in relationship to 
arterial oxygen saturation. Progressive reduction in fetal oxygenation resulted in little change in 
arterial pH until arterial oxygen saturation was close to 30%, when onset of metabolic acidosis was 


evident. 


1, 15.7% + 0.4% on day 2, 12.9% + 0.5% on day 3, 
and 11.3% + 0.5% on day 4. The corresponding car- 
bon dioxide concentrations within the chamber were 
0.9% + 0.1% on the control day and then 
1.9% + 0.1% on day 1, 2.1% + 0.1% on day 2, 
2.5% + 0.2% on day 3, and 2.9% + 0.2% on day 4. 
The animals appeared well and continued to eat ard 
take water. Fetal brachiocephalic arterial blood mea- 
surements from the control and study days are shown 
in Table I, grouped according to induced changes in 
fetal arterial oxygen saturation. With the graded fall in 
arterial oxygen saturation, arterial oxygen content and 
Po, also fell, whereas arterial Pco, remained little 
changed until terminally, when Pco, did rise in three 
of the fetuses. Arterial pH also remained little changed 
until arterial oxygen saturation was between 30% and 
49%, when three of the animals began to show a de- 
veloping metabolic acidosis with a related fall in base 
excess (Fig. 1). With arterial oxygen saturation <30% 
all animals except one showed a metabolic acidosis with 
variable falls in arterial pH noted. Fetal hemoglotin 
concentration showed no significant change through- 
out the study. 

The incidence of low- and high-voltage electrocort- 
ical activity, electroocular activity, and breathing move- 
ments from the control and study days are shown in 
Table II, again grouped according to induced changes 
in fetal arterial oxygen saturation. The percent time 
spent in low-voltage electrocortical activity averaged 
52.0 + 1.4, with fetal arterial oxygen saturation >60%, 
ar.d showed a marginal decrease with oxygen saturation 
between 30% and 60%. Even with fetal arterial oxygen 
saturation <30% and a metabolic acidosis now appar- 


ent in most animals, low-voltage electrocortical activity, 
although significantly decreased, was still evident 
35.1% + 4.1% of the time on average. This decrease 
in the inciclence of the low-voltage electrocortical state 
with graded hypoxemia was mainly due to an increase 
in the incidence of the high-voltage state, because the 
percentage time spent in the intermediate-voltage state 
remained little changed throughout the study and that 
state was evident approximately 5% of the time on av- 
erage. 

The incidence of electroocular activity, which oc- 
curred almost exclusively during the low-voltage elec- 
trocortical state, wes also marginally decreased with 
oxygen saturation between 30% and 60%; however, a 
marked and significant decrease was not noted until 
arterial saturation was <30%, with electroocular activity 
now occurring only 17.0% = 4.2% of the time 
(p < 0.01) (Table II). The incidence of fetal breathing 
movement, which also occurred almost exclusively dur- 
ing the low-voltage state, was likewise marginally de- 
creased with oxygen saturation between 30% and 60%. 
However, a marked and significant decrease was again 
not evident until oxygen saturation was <30% with fetal 
breathing movements now occurring only 5.7% + 
2.6% of the time (p < 0.01) (Table II). 


Comment 
In this study we have determined the change in fetal 


behavioral state and associated biophysical parameters 


in response to a progressive lowering of fetal oxygen- 
ation induced by a stepwise decrease in maternal in- 
spired oxygen concentration. The fetal arterial oxygen 
saturation of all animals measured >50% at same time 
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point on the control day and showed a subsequent de- 
crease to <30% over the study period. In spite of the 
progressive decrease in oxygenation, fetal arterial oxy- 
gen saturation values were quite variable between an- 
imals for a given day of study, as was the time course 
for the decrease in oxygenation. The data have there- 
fore been analyzed according to the induced change in 
fetal arterial oxygen saturation rather than the day of 
study, to better define the relationship of fetal behav- 
ioral activity to blood gas change. Although “rate of 
change effects” will not be apparent with such an anal- 
ysis, all animals were exposed to the same stepwise de- 
crease in maternal inspired oxygen concentration, re- 
sulting in a graded reduction in fetal arterial oxygen 
saturation with the day-to-day drop no greater than 
20% for any of the animals studied. 

With the progressive fall in fetal arterial oxygen sat- 
uration, arterial oxygen content and partial pressure 
of oxygen also fell, although to a lesser extent, presum- 
ably due to the small increase in hemoglobin concen- 
tration over the course of study and the rightward shift- 
ing of the oxyhemoglobin dissociation curve with the 
terminal onset of metabolic acidosis. The graded re- 
duction in arterial oxygen saturation resulted in little 
change in arterial pH until close to 30%, when a met- 
abolic acidosis was apparent in most animals. At this 
time arterial oxygen saturation was decreased to ap- 


. proximately half that of normoxic control values, which 


averaged 62.0% + 1.1% for all animals. Although fetal 
oxygen delivery (the product of umbilical venous oxy- 
gen content and umbilical blood flow) was not mea- 
sured, a similar decrease would be anticipated, given 
the expected linear relationship between oxygen deliv- 
ery and circulating oxygen levels with this animal model 
of induced hypoxemia.’ This finding of metabolic ac- 
idemia as graded reductions in arterial saturation ap- 
proach 50% of normal is thus similar to that with acute 
reductions in fetal oxygen delivery, where metabolic 
acidosis is only evident with reductions >50%.° 

In this study low-voltage electrocortical activity was 
evident 53% of the time on average with fetal arterial 


oxygen saturation >60%, which is similar to that pre- — 


viously reported** for normoxic control study at a com- 
parable gestational age. A marginal decrease in this 


„activity was noted with arterial oxygen saturation be- 


tween 30% and 60%. Although not statistically signif- 
icant, this marginal decrease may nonetheless be bio- 
logically important and represent a protective mecha- 
nism whereby the fetus is able to change to a metabolic 
state with lower oxidative needs, at least for the brain, 
as we have previously shown cerebral oxidative metab- 
olism to be increased during the low-voltage electro- 
cortical state.'° With arterial oxygen saturation <30%, 
the incidence of the low-voltage electrocortical state was 
significantly decreased (p < 0.01), now occurring 35% 
of the time, although cycling .of low- and high-voltage 
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electrocortical activity was still evident. At this time a 
metabolic acidosis was noted in all animals except one. 
The findings of the current study are thus similar 
to those with short-term reductions in fetal oxygena- 


tion,** where a reduction in the low-voltage electro- 


_ cortical state is only seen with pronounced hypoxemia, 


usually in association with metabolic acidemia. How- 
ever, it is unlikely that acidemia per se resulted in the 
reduced. incidence of the low-voltage electrocortical 
state, because induced central nervous system acidosis 
by perfusion.of the cerebrospinal fluid results in little- 
change of electrocortical state."’ It would seem rather 
that hypoxemia is the stimulus for the alteration in 
electrocortical state but must be of sufficient degree and 
therefore in most instances associated with acidosis be- 
fore a significant change in electrocortical activity is 
noted, given the cyclic nature of this activity. | 

The incidence of electroocular activity and breathing 


movements was also marginally decreased with fetal 


arterial oxygen saturation between 30% and 60%. This 
may be accounted for by the decrease in the low-voltage ` 
electrocortical state, because the reductions were sim- 
ilar. However, a marked and significant decrease in this 
biophysical activity was again not evident until arterial 
oxygen saturation was <30%. At this time electroocular 
activity was decreased to approximately 40% and 
breathing movements to approximately 20% of that 
seen with arterial oxygen saturation >60%. This de- 
crease in the incidence of fetal biophysical activity with 
pronoucned hypoxemia is considerably greater than 
that seen for the low-voltage electrocortical state (at 
approximately 65% of well-oxygenated values), sug- 
gesting differing mechanisms for their reduction. Al- 
ternatively, the same mechanism causes inhibition of 
biophysical and low-voltage electrocortical activity but 
with less effect on the latter. Additionally, fetal breath- 
ing movements would appear to be a more sensitive 
biophysical indicator for pronounced hypoxemia than 
would electroocular activity, at least under the current 
study conditions. 

Previous studies in the ovine fetus with short-term 
reductions in oxygenation suggest that hypoxemia 
alone can result in a significant decrease in both elec- 
troocular activity and breathing movements.® However, 
it has become apparent that this decrease in biophysical 


„activity in response to moderate hypoxemia shows ad- 


aptation over several hours with a return to normoxic 
levels in spite of the persistence of the hypoxemic in- 
sult.'* 13 It is thus not surprising in the current study 
with graded reductions in fetal oxygenation over 3 to 
4 days that fetal biophysical activity was only marginally 
decreased with hypoxemia alone. It would again seem 
that when hypoxemia is slowly induced it must be pro- 


‘nounced and thus often associated with acidosis before 


a significant decrease in fetal biophysical activity is 
noted. 
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Although the biophysical response to acutely induced 
hypoxemia has been well studied in the ovine fetus, 
information is limited on ‘chronic reductions in fetal 
oxygenation. Worthington et al." have studied the ef- 
fects of reduction of placental size in sheep with re- 
sultant asymmetric intrauterine growth restriction and 
chronic hypoxemia without acidemia. Of interest, the 
incidence of fetal breathing movements was decreased 
to approximately 20%, a value similar to that of the 
current study with hypoxemia alone. This decrease in 
fetal breathing activity with induced intrauterine 
growth retardation was significant but involved 24-hour 
periods of observation, which would limit the effects of 
otker influencing factors, including the diurnal nature 
and cyclicity of breathing activity. A progression from 
decreased fetal breathing activity to prolonged apnea 
to abnormal breathing activity has also been reported 
in sheep before death in utero.'* * Although abnormal 
breathing patterns were usually only seen with associ- 
ated acidemia, decreased !breathing activity or apnea 
were evident with hypoxemia alone, as in the current 
study, supporting hypoxemia as the stimulus for the 
alteration in behavioral activity rather than any asso- 
ciated acidotic change. Of note, abnormal breathing 
patterns were not observed in the current study, sug- 
gesting these to be terminal events of short duration. 

With prolonged and graded reductions in oxygen- 
ation, the ovine fetus thus demonstrates chronic hy- 
poxemia but with little disturbance in arterial pH until 
oxygen saturation approaches 30%, when metabolic ac- 
idosis becomes apparent’ Likewise, the human fetus 
with intrauterine growth restriction demonstrates vari- 
able hypoxemic change’™?° but is usually born without 
significant acidosis.* °° Hypoxemia alone has a mar- 
ginal effect on fetal behavioral activity that nonetheless 
may be of biologic significance and represent a protec- 
tive mechanism whereby metabolic costs (including 
those of growth) are decreased over time. However, it 
would appear that hypoxemia of a chronic nature must 
approach the level at which acidemia becomes apparent 
before a marked change in fetal behavioral activity is 
noted. It is thus not surprising that the behavioral ac- 
tivity of the human fetus with intrauterine growth re- 
striction is often reported to be norma! and or only. 
marginally changed.'**! As such, fetal biophysical as- 
sessment should be seen:as a marker for moderate to 
severe hypoxemic change with heightened surveillance 
required for the extremely high-risk pregnancy, be- 
cause the time course for biophysical alteration before 
fetal death may be relatively short. 
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An immunochemical and immunocytologic study of the 
increase in myometrial gap junctions (and connexin 43) in rats 


and humans during pregnancy 


Thomas Tabb, MD, Gisela Thilander, VMD, Ashok Grover, PhD,” 


Elliott Hertzberg, PhD, and Robert Garfield, PhD* 


Galveston, Texas, Hamilton, Ontario, Canada, and Bronx, New York 


Myometrial gap junctions are thought to play a necessary role in control of parturition. In this study we 
evaluated the presence of gap junctions in myometrial tissues with a specific antibody to the gap junction 
protein, connexin 43, with immunocytochemistry and immunoblots. Immunofluorescence of rat heart 
showed gap junctions were localized along the intercalated disks, but no change occurred during 
pregnancy. Fluorescent staining of rat myometria showed punctate staining of gap junctions between 
muscle cells during term and preterm birth, illustrating the tremendous increase in gap junctions during 
labor. Similarly, staining of human myometrial tissues was present in specimens from pregnant patients 
but absent in tissues from nonpregnant women. Immunoblots of myometrial tissues from rat and humans 
confirmed the existence of high levels of connexin 43 during term and preterm labor in rats and also 
during late pregnancy in humans. (Am J Osstet GYNECOL 1992;167:559-67.) 


Key words: Gap junctions, myometrium, uterus, connexins, parturition, smooth muscle 


Gap junctions are the structural entities that allow 
direct cell-to-cell communication between opposing 
cells in various tissues.” Both electrical and metabolic 
transmission of signals occur through these specialized 
membrane regions.’ Contractions of the myometrium 
and also the heart are dependent on the underlying 
propagation of action potentials from pacemaker re- 
gions.*’ Thus the pathways for coupling between in- 
dividual small muscle cells are extremely important in 
coordinating contractility. 

In the myometrium of animals electron microscopic 
studies have demonstrated that the gap junctions are 
infrequent in nonpregnant cycling states and most of 
gestation.* However, at term and in some cases preterm 
the gap junction numbers and sizes increase to provide 
the basis for propagation of electric activity and syn- 
chronized contractility during labor.’ Similar studies of 
human myometria, taken during either cesarean 
section or hysterectomy, demonstrate comparable 
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changes, although the junctions are much more diffi- 
cult to quantify by electron microscopy due to the larger 
sizes of the muscle cells.® ° 

Recently several studies have shown that the gap 


junctions exist as a homologous group of proteins 


that form the intercellular channels of the gap junc- 


tion 10-13 


These proteins are expressed in varying 
amounts in different cell types. In the heart and rat 
myometrium a 43 kd protein, termed connexin 43, has 
been identified as the gap junction protein.'*'* Some 
studies have used antibodies to connexin 43 in the anal- 
ysis of gap junctions in rat myometrium after estrogen 
treatment and during pregnancy.'* '° However, no 
study has shown data from animals delivering at term 
or preterm when gap junctions as identified by electron 
microscopy* are known to be at their highest levels, and 
no study has demonstrated connexin 43 levels in the 
human uterus. 

In this paper we used antipeptide antibodies directed 
to the carboxy terminal domain of the cardiac protein 
connexin 43 to investigate the expression of this protein 
in rat heart and myometrium and human myometrium 
by immunohistochemical and immunoblotting tech- 
niques. This study shows that connexin 43 levels are 
elevated in the rat myometrium during term and pre- 
term birth. In addition, connexin 43 protein is present 
in human myometrial tissues taken from pregnant pa- 
tients. 


Material and methods 


Animals and tissue processing. Wistar rats were 
used for all the studies. Nonpregnant animals at in- 
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Fig. 1. Low-magnification light photomicrograph of rat heart with epifluorescence for fluorescein 
isothiocyanate staining with connexin 43 antibody to demonstrate gap junctions. Note muscle fibers 
positioned horizontally with bright fluorescence concentrated between myocardial cells along inter- 


calated disks. (Original magnification X 380.) 


determinant stages of the estrus cycle and timed preg- 


nant rats (day 22 = day of delivery) at various times of 


pregnancy were used in this study. Tissues were re- 
moved from delivering rats after expulsion of two fe- 
tuses. 

Rats were killed by a blow to the head, and the uterus 
was removed. The center of each uterus (about 1 cm’) 
was pinned on dental wax and rapidly frozen in liquid 
nitrogen for immunohistochemistry. The remaining 
pieces were plunged in liquid nitrogen for preparation 
of microsomal fractions for immunoblotting. Rat car- 
diac tissues were obtained from the ventricles of the 
heart and handled in the same manner as uterine 
tissues. 

The human tissue was removed at the time of elective 
cesarean section and at the time of hysterectomy for 
benign disease. This study was approved by the insti- 
tutional review board and consent from each patient 
was obtained. During cesarean section a2 X 1 X I cm 
strip was taken from the superior aspect of the uterine 
incision. Similarly, at the time of hysterectomy of non- 
pregnant premenopausal subjects, a piece of myome- 
trium was removed from the fundus. The specimens 
were washed in ice-cold saline solution on collection 
and then immediately frozen in liquid nitrogen. Small 
portions of all tissues were processed for immunocy- 
tochemical studies and the remainder used for im- 
munoblotting studies. 

Some rats were also treated with the antiprogester- 
one compound RU 486 (Roussel Uclaf, Romainville, 
France). Timed pregnant rats were injected subcuta- 
neously on day 16 of gestation with 10 mg of RU 486 


in sesame oil. On either day 17 or 18 (between 24 and 
48 hours after RU 486 treatment) of gestation during 
premature delivery the rats were killed and the uteruses 
processed. Control animals were injected with the ve- 
hicle only and subsequently treated the same. 

Polyclonal antibody to connexin 43. The polyclonal 
antibody, raised in rabbits, that was used routinely in 
these studies was directed against the cytoplasmic C 
terminal domain (amino acids 346 through 360) of con- 
nexin 43. The antibody is similar to that used by 
others,” '*!° and it has been previously shown by im- 
munocytochemistry, immunoblotting, and electron mi- 
croscopy to bind to gap junctions and connexin 43 pro- 
tein in the heart." 

Immunocytochemical staining. All tissues for im- 
munocytochemical staining were rapidly frozen in liq- 
uid nitrogen and stored at — 70° C until sectioning. The 
microscope slides on which the sections were to be 
placed were coated with poly-L-lysine (10 mg/ml water) 
and allowed to dry for 30 minutes. The coated slides 
were then placed in a cryostat at — 20° C. The tissue to 
be sectioned was mounted on a microtome chuck with 
ornithine carbamyl transferase embedding medium. 
The tissue was sectioned at 7 to 8 pm thickness. Sections 
of rat heart were placed on each slide to validate the 
staining procedure, because the rat heart consistently 
stains along the intercalated disks with the connexin 43 
antibody (Figs. 1 through 3). The sections were allowed 
to air dry for 1 hour at room temperature. The sections 
were then rinsed in two changes of phosphate-buffered 
saline solution at room temperature and then incubated 


in a blocking solution consisting of 3% bovine serum 
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Fig. 2. Higher magnification photomicrograph of heart mus- 
cle cells as shown in Fig. 1. Arrows, Region of labeling with 
connexin 43 antibody between cells at intercalated disk area. 
(Original magnification X 780.) 


albumin and 1% ‘Triton-X100 in phosphate-buffered 
saline solution for 20 minutes at room temperature. 
Incubations were carried out in a humidified chamber. 
The sections were then rinsed in phosphate-buffered 
saline solution for 10 minutes (two times) at room tem- 
perature. The primary antibody (1:250 dilution with 
phosphate-buffered saline solution) against connexin 
43 was placed on the tissue sections, which were then 
incubated in a humidified chamber overnight at 4° C. 
The next day the slides were rinsed in phosphate-buff- 
ered saline solution (6 X 10 minutes each) and then a 
fluorescein isothiocyanate—labeled secondary antibody 
(goat anurabbit immunoglobulin G) purchased from 
Jackson Immunoresearch Laboratories was added to 
the sections (1:200 dilution) and the preparation in- 
cubated for 1 hour at room temperature. Afterward, 
the sections were again rinsed in phosphate-buffered 
saline solution (6 xX 10 minutes each), and then | to 2 
drops of mounting medium (0.4% p-phenylenediamine 
in 0.1 mol/L sodium carbonate buffer, pH 9, diluted 
1:1 with 100% glycerol) was placed on each slide and 
a coverslip applied. The sections were examined with 
a Zeiss light microscope (magnification X40 to X 100) 
with epifluorescence and filters for maximum fluores- 
cein isothiocyanate fluorescence. Table I shows the 
number of animals and sections examined by immu- 
nocytochemistry. We routinely examined negative con- 


trols such as sections of heart and myometrium after 


application of only the secondary antibody to demon- 
strate the lack of nonspecific staining. Similarly, we oc- 
casionally processed liver tissue as above and observed 
no specific connexin 43 staining. 


Fig. 3. Phase-contrast photomicrograph of same field as shown 
in Fig. 2. Arrows, Intercalated disks indicated in Fig. 2. Note 
characteristic striated appearance of muscle cells due to ar- 
rangement of myofilaments. (Original magnification X 780.) 


Table I. Tissues examined with 


immunocytochemistry 










No. of 


subjec ts 


No. of tissues 
examined 






Tis sue 





Rat myometrium 


Delivering 1] 36 
Day 18, day 19 4 12 
RU486, day 17, 4 6 
day 18 
l Day post partum 3 6 
Rat heart 14 158 
Human myometrium 

Nonpregnant 4 7 
Term 

Labor 7 16 
Nonlabor 15 25 


Number of animals or patients and the number of tissues 
examined by immunocytochemistry for connexin 43 content. 
Rat tissues were obtained during term delivery (delivering), 
day 18 or day 19 of gestation and at day 17 or day 18 after 
RU 486 treatment during preterm delivery. 


Preparation of crude microsomal fraction. [he 
methods used to obtain a crude microsomal fraction 
containing the plasma membrane proteins are similar 
to those used previously.'* The myometrial tissues were 
minced with scissors and suspended in six volumes of 
sucrose-3-(N-morpholino)propanesulfonic acid buffer 
(250 mmol/L sucrose, 20 mmol/L 3-(N-morphol- 
ino)propanesulfonic acid adjusted with sodium hy- 
droxide to pH 7.0) and homogenized with a polytron 
PT20 giving three bursts of 10 second duration each 
at 15,000 revolutions/min. The sucrose-3-(N-mor- 
pholino)propanesulfonic acid also contained phenyl- 
methylsulfonyl fluoride (1 mmol/L), dithiothreitol (2 
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Fig. 4. Photomicrograph of uterine tissue from term delivering rat showing longitudinal (cut in 


cross section, left) and circular (cut in longitudinal orientation, right) muscle layers. Bright, punctate 


staining of gap junctions with connexin 43 antibody is evident in both muscle layers. (Original 


magnification X 370.) 


mmol/L), and trypsin inhibitor (1 mg/ml). The ho- 
mogenates obtained were centrifuged at 10,000g for 
10 minutes in a JA20 rotor to yield a pellet and a su- 
pernatant fraction. The supernatant was recentrifuged 
at 115,000g for 30 minutes in a Beckman L5-65 ultra- 
centrifuge (with a 60TI rotor) to give a 115,000g pellet 
and a supernatant fraction. This 115,000g pellet was 
resuspended in 8% sucrose. This was the crude micro- 
somal fraction used for the immunoblotting studies. 
The pellet from the 10,000g centrifugation was resus- 


pended in 8% sucrose to check for the presence of 


connexin 43 with immunoblots. Similarly, the super- 
natant fraction from the 115,000g centrifugation was 
also analyzed for connexin 43. There were only trace 
amounts of connexin 43 in the 10,000g resuspended 
pellet and the 115,000g supernatant fraction. Thus the 
microsomal fraction was shown to contain the majority 
of the connexin 43 protein. Similar procedures were 


used for cardiac tissues. Protein concentrations were 


determined on all fractions according to the method of 


19 


Lowry et al. 

Electrophoresis. Sodium dodecyl sulfate—polyacryl- 
amide gel electrophoresis was carried out with a 12% 
polyacrylamide separating gel and a 4% stacking gel. 
The technique used was that according to Laemmli.” 
Before the samples were placed on the gel for electro- 
phoresis, they were heated to 95° C for 5 minutes. The 
molecular weight markers used were bovine serum al- 
bumin (66,000 molecular weight), ovalbumin (45,000 
molecular weight), and carbonic anhydrase (29,000 mo- 
lecular weight). 

Immunoblotting. Crude microsomal fractions 1so- 
lated from rat and human myometrium were resolved 


in the sodium dodecyl sulfate gels and electrophoret- 
ically transferred to nitrocellulose in a BioRad (BioRad, 
Richmond, Calif.) apparatus at 100 V for 1 hour. The 
nitrocellulose was incubated with the specific anticon- 
nexin 43 antibody and subsequently reacted with an 
iodine 125—labeled secondary antibody (goat antirabbit 
immunoglobulin G, purchased from New England Nu- 
clear, Boston). The nitrocellulose sheets were then au- 
toradiographed with Kodak XAR-5 (Eastman Kodak 
Co., Rochester, N.Y.) film. After autoradiography was 
completed (about 3 days), specific areas of the nitro- 
cellulose sheets corresponding to the labeled protein- 
antibody complex were excised, and the radioactivity 
in each immunoblot was counted in a y counter. 

Immunoblots were used to determine the amount of 
myometrial gap junction protein present throughout 
gestation in the rat. Crude microsomal fractions from 
day 18, day 22 (delivering), and 20 to 24 hours post 
partum were prepared and immunoblotted. Fifty mi- 
crograms of total microsomal protein from different 
days of gestation were added to separate lanes of the 
electrophoresis gel. A preparation of rat heart (also 50 
ug) was also run on each gel to act as a positive control. 
Counts of the radioactivity (counts/min) were used to 
estimate a ratio between myometrium and heart 
(counts/min/50 wg protein of uterine tissue + 
counts/min/50 pg protein of rat heart) to compare the 
amount of myometrial gap junction protein at different 
gestational times. The heart tissues used as positive con- 
trols were all from rats at midgestation to minimize the 
possible variation at different umes. However, analysis 
of connexin 43 levels in the heart throughout gestation 
revealed no significant changes. 
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Fig. 5. Photomicrograph, similar to those shown in Figs. | 
through 4, of myometrial tissue from rat at 18 days of ges- 
tation. Note absence of any punctate type staining as shown 
in Figs. 4 and 6. (Original magnification x 925.) 


Statistics. Statistical differences between mean values 
of various groups of data were determined by one-way 
analysis of variance. For comparisons of mean values 
between two groups, the Wilcoxon rank-sum test was 


used. 


Results 


Immunohistochemical studies. The anti-connexin 
43 antibody specifically stained the intercalated disk 
regions of the rat heart on sections placed on all slides. 
Figs. 1, 2, and 3 show rat heart tissues at low (Fig. 1) 
and high magnification (Figs. 2 and 3). Fig. 3 is a phase- 
contrast image of the same fluorescent field shown in 
Fig. 2 illustrating that the bright fluorescent labeling is 
along the intercalated disk area of the striated heart 
cells. Findings identical to those above were found in 
many heart tissue samples (n = 28) from animals at 
various stages of gestation (Table I). There were no 
obvious differences in the immunofluorescent staining 
pattern in hearts of pregnant or nonpregnant animals. 

[mmunofluorescent staining of rat myometria are 
shown in Figs. 4, 5, and 6. The pattern of antibody 
staining in the longitudinal and circular muscle during 
delivery at term is illustrated in Fig. 4. Bright fluores- 
cent punctate spots can be seen throughout both cir- 
cular and longitudinal muscle layers. In contrast, there 
was little or no staining of tissues from myometrial tis- 
sues from animals at day 18 or 19 of pregnancy (Fig. 
5). However, in tissues from animals delivering pre- 
maturely on day 18 of gestation after treatment with 
RU 486 there were enormous amounts of staining (Fig. 
6), and the appearance was like that found in tissues 
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Fig. 6. Myometrial tissue from rat at 18 days of gestation 
during premature birth after treatment with RU 486. Note 
abundance of staining of gap junctions as compared with tissue 
from control animals shown in Fig. 5. (Original magnification 
KII). 


from animals delivering spontaneously at term (Fig. 4). 
Tissues from numerous animals (Table I) indicated that 
the connexin 43 staining was elevated only during term 
and RU 486—induced preterm delivery. 

Immunofluorescent staining of human myometrial 
tissues are shown in Figs. 7 and 8. In tissues from non- 
pregnant patients (Table I), there was little staining 
(Fig. 7), and thus the fluorescence was equivalent to 
that in the rat myometrium before delivery (Fig. 5). 
‘Tissues taken from patients at term, both labor and 
nonlabor groups, showed variable staining with some 
demonstrating high levels of fluorescence (Fig. 8) as in 
the rat during delivery (Figs. 4 and 6) and others ex- 
hibiting reduced amounts. 

Immunoblotting. The antibody (antipeptide 346 to 
360) used in the immunoblots exhibited homology with 
respect to the rat heart and myometrial tissues studied. 
When 25, 50, and 100 ug of microsomal proteins from 
both rat and human myometrium were added to dif- 
ferent lanes, concentration dependent staining of the 
immunoblots was observed with distinct bands at about 

3 kd. In some cases each band was composed of 
triplets. 

To validate that the antibody was recognizing the 
connexin 43 protein in a concentration-dependent 
manner, different protein concentrations of the crude 
microsomal fraction were quantitatively analyzed after 
immunoblotting. Plots of the amount of membrane 
protein added for electrophoresis versus the amount 
of radioactivity (counts per minute) in the immunoblots 
showed linear relationships for tissues from rat heart 
and delivering rat myometrium and also human myo- 
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Fig. 7. Human myometrial tissue from nonpregnant patient. 
Note almost complete lack of connexin 43 staining as com- 
pared with myometrial tissues from rat during term (Fig. 4) 
and preterm (Fig. 6) delivery and also human myometrium 
from pregnant term patient (Fig. 8). (Original magnification 
x 1400.) 





Fig. 8. Human myometrial tissue from term pregnant patient 
in active labor. Note abundance of staining of gap junctions 
with connexin 43 antibody. (Original magnification X 1400.) 


metrium (Fig. 9). However, there was more radioactiv- 
ity in immunoblots of preparations from rat heart and 
myometrial tissues than from human myometria. 

Fig. 10 shows immunoblots of heart and myometria 
from nonpregnant and pregnant rats and humans. 
There was little 43 kd protein present in Ussues from 
nonpregnant and day 18 pregnant rats compared with 
tissues from animals that were delivering spontaneously 
on day 22. Similarly, in tissues from the human uterus 
there was little 43 kd protein in tissues from nonpreg- 
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Fig. 9. Concentration dependency of methods used for anal- 
ysis of immunoblots. Shown are counts per minute of blots 
versus amount of protein added for electrophoresis for tissues 
from rat heart (4) and myometrium (©) and human myo- 
metrium (@). 


nant patients but elevated levels during pregnancy 
taken from women either in labor or undergoing elec- 
tive section (nonlabor). Fig. 11 shows immunoblots of 
rat heart and myometrial tissues taken from animals at 
day 18 of gestation without treatment (control) and 
following RU 486 injections during preterm birth. The 
blots were much more intense from six animals treated 
with RU 486 than from control animals. Again, the blots 
were composed of three separate bands. 

Fig. 12 shows the relative amounts (ratio of connexin 
43 levels. uterus/heart) of connexin 43 proteins in rat 
myometria at different times of pregnancy and during 
term and preterm birth. There was about three times 
as much connexin 43 protein present in the myome- 
trium of the delivering rat uterus during spontaneous 
delivery as present at either day 17 of gestation or post 
partum. Similarly, animals delivering prematurely after 
RU 486 treatment showed markedly elevated levels of 
connexin 43. In animals treated with RU 486 and de- 
livering prematurely, there was an approximately six- 
fold increase in connexin 43 as compared with day 17 


of gestation. 


Comment 


In this study we have demonstrated through im- 
munohistochemical and immunoblotting techniques 
the presence of connexin 43 in both rat and human 
myometrium and also have shown that there is an in- 


crease in the protein during term and preterm birth in 
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Fig. 10. Immunoblots (50 ug protein each lane) of rat heart and myometrial samples from rats 
(nonpregnant, day 18 of gestation, and during term delivery) and humans (nonpregnant, elective 


nonlabor, and labor patients). 


the rat. The immunohistochemical studies clearly show 
the presence of the gap junction protein in the rat 
myometrium, which peaks during delivery. It has been 
previously shown with electron microscopy that gap 
Junctions are present in low frequency and small sizes 
in nonpregnant and preterm and postpartum rats, with 
an abrupt increase in both size and frequency during 
delivery.** This observation is confirmed and extended 
with the immunohistochemical studies presented in this 
study showing minimal staining in the sections at day 
18 of gestation, marked staining of the section of de- 
livering tissues, and little staining of the postpartum 
tissues. Similar results were obtained by measuring the 
levels of connexin 43 in immunoblots at different times 
in pregnancy. In this study a crude microsomal fraction 
was used for the immunoblotting technique. This prep- 
aration contains plasma membrane and cytoplasmic 
components reflecting not only the plasma membrane 
gap junctions but also the junctions during assembly 
and degradation. Studies were also conducted showing 
that this preparation gave the strongest and clearest 
signal for immunoblotting, far greater than the 10,000g 
pellet or 115,000g supernatant fractions. 

The use of RU 486, which causes premature labor 
and increases gap junctions in the rat myometrium as 
detected by electron microscopy,” also results in an 
increase in connexin 43 protein. The immunofluores- 
cent staining of tissues prepared from RU 486-treated 
rats appear identical to the sections from term deliv- 
ering animals with respect to the amount of fluores- 
cence. Correspondingly, the immunoblots showed that 
tissues from RU 486-treated rats and from term de- 
livering rats both demonstrate high levels of connexin 
43, although the former exhibited higher levels. There- 
fore in the event of premature labor the presence of 
connexin 43 appears to be the same as that of normal 


labor, and this confirms that the presence of gap junc- 
tion is a required step in premature labor. 

Each one of the bright fluorescent dots in the myo- 
metrial tissues (Figs. 4, 6, and 8) represents one gap 


Junction between muscle cells, approximately 250 nm 


in diameter. The gap junctions fluoresce with great 
intensity because each is composed of hundreds of con- 
nexin proteins." ** However, small gap junctions may 
not be visible with this technique. Furthermore, because 
sections used in this study are relatively thick (7 to 
8 pm and optimum for frozen tissues), any given area 
could contain many gap junctions (i.e., up to 32 
throughout the section depth). It is readily apparent 
that the junctions are dispersed throughout the tissue 
and appear to be randomly positioned between smooth 
muscle cells with no particular region showing higher 
concentrations. However, this is not the case for heart 
cells, where the gap junctions are superimposed on 
each other in the section to give the image of a large 
unified structure in the region of the intercalated disk. 
That gap junctions are present in this region in heart 
muscle has been demonstrated by many.'* * 

The immunoblot studies presented support the im- 
munohistochemical results and also provide other in- 
formation. Quantities of the connexin 43 protein were 
estimated as normalized to heart tissue. Normalization 
helped minimize any error associated with the immu- 
noblot technique. This is the first description of a quan- 
titative analysis of the level of connexin 43 in the myo- 
metrium during gestation and term and preterm de- 
livery in the rat. Counts of various concentrations of 
protein show linear relationships indicating that the 
blots can be used for quantitative evaluation of tissue 
levels of connexin 43 (Fig. 9). Although the peak values 
of connexin levels were present during delivery, the 
immunoblots generally have relatively high levels of 
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Fig. 11. Immunoblots (50 pg protein each lane) of rat heart 
(lanes A, J) and tissues from six different rats delivering pre- 
maturely at day 18 of gestation (/anes B, C, D and G, H, I) 
compared with tissues from two control rats at day 18 of ges- 
tation (lanes E and F). Note distinct division of each blot into 
three regions. 


connexin 43 protein in tissues from rats and humans 
(Figs. 10 and 11) before labor and post partum. This 
is in contrast to previous studies with electron micros- 
copy, which demonstrates few plasma membrane gap 
junctions between myometrial cells before labor and 
elevations in junctions during term and preterm labor.” 
Possible reasons for this discrepancy in the rat are (1) 
presence of binding to gap junctions in other cells be- 
sides myometrial cells, (2) presence of small but un- 
detectable gap junctions with both electron microscopy 
and immunocytochemistry, and (3) binding to gap junc- 
tion proteins in the cytoplasm of the myometrial cells. 
The last two possibilities seem the most likely because 
no visible binding was observed with other cells with 
immunocytochemistry (no. | above). Thus this study 1s 
useful in defining the quantity of connexin 43 proteins 
in the uterus at various times of pregnancy. However, 
this study does not clarify the exact position of the 
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Fig. 12. Histograms showing counts per minute from im- 
munoblots at day 17 of gestation, during delivery, post par- 
tum, and after treatment with RU 486 during preterm birth. 


protein within or between myometrial cells. These stud- 
ies are only crude approximations of myometrial gap 


junctions. Studies with the electron microscope still re- 


main the method of choice in defining the presence of 
gap junctions between myometrial cells. 

The regulation of the gap junction protein is not well 
understood at either the level of transcription or trans- 
lation. The expression of the transcript in the rat myo- 
metrium for connexin 43 has been investigated during 
gestation with an approximately fivefold increase in 
transcript levels noted immediately before delivery.” 
This increase was suggested to be the result, in part, 
of a hormone-induced increase of transcriptional pro- 
duction rate. Posttranslational control may be through 
phosphorylation of the connexin 43 protein. Although 
it has been suggested that phosphorylation may play a 
role in assembly of gap junctions,” the possibility of a 
role in regulation of channel activity or aspects of con- 
nexin 43 turnover will require further study. 

The observation (Fig. 11) that the anti-connexin 
43 antibodies bind to multiple bands on Western blots 
is consistent with several studies in which it has been 
shown that they correspond to different phosphoryl- 
ated forms of connexin 43.7**’ Roughly equal amounts 
of the faster migrating unphosphorylated form of con- 
nexin 43 (apparent mobility of about 41 kd) and slower 
migrating phosphorylated forms (doublet with appar- 
ent mobility of about 43 kd) are present in our myo- 


Volume 167 
Number 2 


metrial samples. Although there are significant differ- 
ences in the relative proportions of the phosphorylated 
and unphosphorylated forms of connexin 43 in dif- 
ferent tissues and cell types, the basis for what must 
have a physiologic role is not yet understood. 

With respect to human samples, this is also the first 
study to demonstrate the presence of connexin 43 in 
the myometrium. Our study suggests that there is ho- 
mology between connexin 43 in the rat myometrium 
and heart and the human uterus. Both immunohisto- 
chemical staining (Fig. 8) and the immunoblots (Fig. 
10) clearly show the presence of connexin 43 in preg- 
nant human myometrium. The protein was present in 
low amounts in the nonpregnant myometrium (Fig. 
10). Of particular interest is that connexin 43 was iden- 
tied in myometrium from patients who had not un- 
dergone labor and those who did. The exact quanti- 
tative difference, if any, is presently being investigated. 
It should be noted that all human myometrial tissues 
from pregnant patients were from the lower uterine 
segment. Similar electron microscopic studies suggest 
an increase in human myometrial gap junctions at 
term.* However, in the present studies there was great 
variability between samples with both immunocyto- 
chemistry and immunoblots. Frequently there was 
greater staining of sections and larger blots from tissues 
of nonlabor patients than tissues of labor patients (Fig. 
10). This may indicate that muscle from the lower uter- 
ine segment is not representative of muscle throughout 
the uterus during pregnancy. The tissues obtained 
from nonpregnant patients were all from the upper 
fundal and muscular portion of the uterus. Thus these 
tissues may not be comparable to those obtained from 
the lower segment of pregnant patients. In this study 
the nonpregnant tissues showed little connexin 43 by 
immunocytochemistry or in the Western blots (Figs. 7 
and 10). The human nonpregnant myometrium ap- 
pears to contain few gap junctions, as has been shown 
previously by electron microscopy for human myo- 
metrium and also in studies of nonpregnant rats.” Ad- 
ditional investigations are required to determine the 
presence of connexins other than connexin 43 in the 
human nonpregnant and pregnant myometrium. 
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LETTERS TO THE EDITORS 





Subtherapeutic doses of magnesium sulfate do not 
inhibit preterm labor 


To the Editors: I was disturbed by the article by Cox et 
al. (Cox SM, Sherman ML, Leveno KJ. Randomized 
investigation of magnesium sulfate for prevention of 
preterm birth. AM J OBSTET GYNECOL 1990;163:767- 
72.) The authors defined clinically safe magnesium con- 
centrations as “those <8 mEq/L” and attempted to de- 
termine whether these levels of magnesium were ef- 
fective in preventing preterm birth. 

The design of the study appears to be inadequate in 
that the amount of drug administered (4 gm magne- 
sium sulfate bolus and 2 gm per hour infusion) has 
been shown to be associated with subtherapeutic serum 
levels of magnesium. Hollander et al.' found that the 
median dosage of magnesium sulfate necessary to 
achieve tocolysis was 4.5 gm per hour; the mean serum 
magnesium level to achieve tocolysis was 6.6 mg/dl (5.5 
mEq/L). Elliott? found serum magnesium levels of 5.1 
mg/dl (4.25 mEq/L) with dosages of 2 gm per hour 
infusion of magnesium sulfate and 6.4 mg/dl (5.3 
mEq/L) when 3 gm per hour were given. Somehow in 
this study the authors state that a maximum magnesium 
concentration of 5.5 mEq/L was achieved (page 771) 
or a mean magnesium concentration of 5.5 mEq/L was 
achieved (page 769). Which is it? 

The authors state that the magnesium sulfate was 
discontinued in eight patients (11%) because of toxicity, 
mainly generalized muscle weakness (6 patients). Were 
these patients removed from the study or treated as 
failures of the drug? To stop the drug because of leth- 
argy and then continue to include these patients in an 
evaluation of efficacy is not appropriate. Cox states, 
“The experience of these investigators [Hollander et 
al.] suggests that effective uterine contraction—inhib- 
iting concentrations of magnesium must be near toxic 
levels to anticipate a clinical uterine effect.” To the con- 
trary, Hollander et al. state in their conclusion, “The 
drug appears to offer a high therapeutic-to-toxic ratio 
with a serum concentration response that is easy to 
determine.” Discontinuing the infusion in at least six 
patients is prejudicial to the study and merely reflects 
inexperience with the use of the drug. 

The authors also fail to mention how many patients 
received a second course of magnesium sulfate after 
the initial 24 hours. It is unrealistic to treat a patient 
in true premature labor for 24 hours with subthera- 
peutic doses of a drug and then discontinue it. 

The bias of the investigators is readily apparent in 
the discussion, in which they selectively cite articles by 
Steer and Petrie, Spisso et al., Elliott, and Hollander et 
al. and essentially dismiss them. They cite the study by 
Cotton et al. and their own study as the only placebo- 
controlled randomized studies. In the study of Cotton 
et al. the dosage of magnesium was also inadequate 
(4 gm bolus and 2 gm per hour intravenous infusion— 
no option to raise the infusion rate). The number of 
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patients treated with magnesium sulfate in that study 
was also totally inadequate—8 patients with ¿ntact mem- 
branes had magnesium sulfate versus 9 saline and 12 
terbutaline. The magnesium sulfate was also adminis- 
tered for 12 hours and then stopped. 

Apparently the authors ignored other studies (Fer- 
guson et al., Wilkins et al.) in the literature comparing 
magnesium sulfate with intravenous B-sympathomi- 
metic therapy and finding magnesium sulfate either 
superior to or comparable with the B-sympathomimetic 
drugs. 

The conclusion reached in the article by Cox et al. 
that “magnesium sulfate infusions resulting in maxi- 
mum serum concentrations of magnesium equal to 5.5 
mEq/L are ineffective in the prevention of preterm 
birth” is absolutely true. If their goal was to avoid tox- 
icity they certainly achieved it, but in their zeal to avoid 
toxicity they also fell far short of therapeutic levels of 
magnesium in the sera of their patients. 

The only conclusion that can be drawn from these 
data is that magnesium sulfate in subtherapeutic dos- 
ages does not inhibit preterm labor better than intra- 
venous hydration. 

John P. Elliott, MD 


Division of Maternal-Fetal Medicine, Good Samaritan Regional 
Medical Center, 1111 East McDowell Road, P.O. Box 2989, 
Phoenix, AZ 85062 
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Reply 
To the Editors: We take it that Elliott did not like our 
report concerning the lack of efficacy for intravenous 
magnesium sulfate in the prevention of preterm birth. 
Elliott has liberally referred to his own 1983 retro- 
spective review of tocolysis with magnesium sulfate,’ 
and we are compelled to do so, too. 

Elliott reported in 1983 that he administered mag- 
nesium sulfate as follows: “After a 4 gm intravenous 
bolus of magnesium sulfate, a constant infusion was 
started at 2 gm/hr....” The maximum infusion rate 
apparently used was 3 gm per hour. A total of 355 
pregnancies were included in Elliott’s report; 673 mag- 
nesium levels were measured subsequent to therapy for 
an average of 1.9 levels per pregnancy. Interestingly, 
only 28 magnesium levels were obtained during 3 gm 
per hour infusions. Does this mean that Elliotts only 
experience with the higher infusion rate is from ap- 
proximately 14 pregnancies representing 4% of his 
study population? Alternatively, Elliott reported that 
536 magnesium levels were obtained during 2 gm per 
hour infusions. Does this mean that 282 (or 79%) of 
Elliott’s patients received 2 gm per hour infusions? Now 
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Elliott refers to our study and claims, “The design of 
the study appears to be inadequate in that the amount 
of drug administered (4g magnesium sulfate bolus and 
2 gm per hour infusion) has been shown to be associ- 
ated with subtherapeutic serum levels of magnesium.” 
We must conclude that Elliott is far more guilty of sub- 
therapeutic therapy than we because we used the 
higher infusion dosage more often than he did. Spe- 
cifically, 62% of our patients received 3 gm per hour 
infusions. Moreover, we are mystified that Elliott claims 
tocolytic efficacy for magnesium sulfate when most of 
his patients apparently were treated with what he now 
calls a subtherapeutic dosage regimen. 

Elliott also reported in 1983, “Clinically, we found 
that levels between 5.0 and 7.0 mg/dl were usually suf- 
ficient to inhibit contractions. . . .”' We reported a mean 
magnesium level of 6.6 mg/dl. Elliott now states that 
“The conclusion reached in the article by Cox et al. that 
‘magnesium sulfate infusions resulting in maximum se- 
rum concentrations of magnesium equal to 6.6 mg/dl 
are ineffective in the prevention of preterm birth’ is 
absolutely true (emphasis added).” In an attempt to apply 
some logic to all this we seem unavoidably compelled 
to conclude that Elliott now believes his 1983 statement 
“... levels between 5.0 and 7.0 mg/dl were usually suf- 
ficient... ”' is untrue. Our real bias is that Elliott un- 
wittingly seems to agree with us, although we take it he 
would not like this, either. 

Susan M. Cox, MD, Lynne Sherman, RN, and 
Kenneth J. Leveno, MD 


Department of Obstetrics and Gynecology, Albert B. Chandler Medical 
Center, 800 Rose St., Lexington, KY 40506 
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The effect of gestational age on maternal serum 
a-fetoprotein levels in pregnancies with 
Down syndrome 


To the Editors: Greenberg et al. (Greenberg F, del Junco 
D, Weyland B, et al. The effect of gestational age on 
the detection rate of Down syndrome by maternal 
serum a-fetoprotein screening. AM J OBSTET GYNECOL 
1991;165:1391-3) found that maternal serum a-feto- 
protein (AFP) levels were lower on average in 14 preg- 
nancies with Down syndrome tested at 16.5 to 17.5 
weeks’ gestation than in 22 pregnancies tested at 14 to 
16.5 weeks and in 15 at 17.5 to 21.5 weeks. Expressing 
levels in multiples of the median for unaffected preg- 
nancies of the same gestation, the mean value at each 
gestation was 0.59, 0.74, and 0.69 respectively. How- 
ever, these differences are not borne out by summa- 
rizing other published studies. 

Table I updates a previous summary of the literature! 
to include all recent publications?’ in which individual 
multiple of the median values according to week of 
gestation are either tabulated or can be abstracted from 
a figure and where the serum sample was not taken 
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Table I. Maternal serum AFP levels in 
pregnancies with fetal syndrome according to 
gestational age'® 













Gestation 
completed No. of Median AFP 
pregnancies (MoM) 
14 2 0.72-0.73 
15 26 0:12 
16 144 0.72 
17 110 0.72 
18 53 0.70 
19 29 0.74 
20 13 0.77 
2] 2 0.45-1.96 
14-2] 379 0.72 





MoM, Multiple of the median for unaffected pregnancies 
of the same gestation. 


after amniocentesis or chorionic villus biopsy. A total 
of 379 affected pregnancies between 14 and 21 weeks 
were available for analysis. There was no tendency for 
the median AFP level in any gestational week to differ 
from the overall median value, nor did any effect of 
gestation emerge when an analysis of variance of log 
AFP was carried out to allow for differences between 
the various studies included. First-trimester AFP levels 
have been reported in a total of 67 pregnancies with 
Down syndrome®" and found to be similar to second- 
trimester levels. The geometric mean weighted for the 
number of pregnancies in each first-trimester study was 
0.74 multiples of the median. 

These results have implications for screening policy 
in centers in which AFP is the only Down syndrome 
marker being measured. If the same blood sample is 
used for both Down syndrome and neural tube defect 
screening the test would need to be done at 16 to 18 
weeks, the gestation at which neural tube defect detec- 
tion is highest. If a separate blood sample can be used 
or if reliance can be placed on ultrasonography for 
neural tube defect screening, Down syndrome screen- 
ing need not be restricted to 16 to 18 weeks. For centers 
using multiple markers the optimal gestation will de- 
pend on which additional markers are used. 

Howard S. Cuckle, DPhil 


Institute of Epidemiology and Health Services Research, School of 
Medicine, The University of Leeds, Leeds LS2 9LN, England. 
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Reply 
To the Editors: We are pleased to have this opportunity 
to emphasize the importance of pursuing improve- 
ments in the efficacy of the maternal serum a-fetopro- 
tein (AFP) screening test for Down syndrome preg- 
nancies. Comparing affected with unaffected pregnan- 
cies at our center we found that for a given maternal 
serum AFP cut point of 0.8 weight-adjusted multiples 
of the median the detection rate was higher and the 
false-positive rate was lower between 16.5 and 17.5 
weeks’ gestation than at earlier or later gestational ages. 
This suggested to us that the optimum gestational age 
for maternal serum AFP screening for Down syn- 
drome may be similar to the optimum reported pre- 
viously for neural tube defect screening.’ Wald and 
Cuckle’s? previous and current synthesis of maternal 
serum AFP multiples of the median data from different 
centers focus on mean or median values in Down syn- 
drome pregnancies. Such values relate only to detection 
rates and only indirectly so. Although Cuckle did not 
detect statistically significant differences among the 
gestational age-specific median maternal serum AFP 
multiples of the median he reported, it is interesting 
to note that a nadir of 0.7 multiples of the median was 
reported at 17 weeks’ gestation in his first paper” and 
at 18 weeks’ gestation in his updated table. It is possible 
that the nadir between 17 and 18 weeks’ gestation is 
real, not a result of random fluctuation, and that it 
implies a higher detection rate for Down syndrome 
pregnancies in that time window. A similar pattern of 
maternal serum AFP multiples of the median results 
(with a nadir at 17 weeks’ gestation) was reported by 
Waller et al.’ To assess accurately whether the patterns 
observed by Waller and Cuckle suggest underlying de- 
tection rates and false-positive rates similar to ours 
would require comparable analyses allowing for vari- 
ance in unaffected and affected pregnancies. We urge 
individual centers to periodically examine their mater- 
nal serum AFP detection rates and false-positive rates 
in this manner. Given the quantitative advantages and 
power of recent metaanalysis techniques’ to properly 
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incorporate center-specific variances, we recommend 
the application of these methods to assist policy deci- 
sions in maternal serum AFP screening. Finally, we 
stress the importance of appropriate tests for hetero- 
geneity among centers before any pooling of data 
across centers. In assessing heterogeneity as in pooling 
across centers, maternal serum AFP variability in both 
unaffected and affected pregnancies must be taken into 
consideration. 
Deborah del Junco, PhD, Deborah Schmidt, RN, 
Esmie Rose, PhD, and Frank Greenberg, MD 


Institute for Molecular Genetics and Department of Pediatrics, Baylor 
College of Medicine, Houston, TX 77030 
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An association between placental location and 
nuchal cord occurrence 


To the Editors: A continuing prospective study named 
the Perinatal Umbilical Cord Project made an associ- 
ation between placental location and nuchal cord oc- 
currence.! The number of entries into this private study 
has now numbered 400 cases. The purpose of this letter 
is to update the statistics on nuchal cord and placental 
location. 

Four hundred pregnancies were prospectively stud- 
ied over a 3-year period. Three hundred sixty met re- 
quirements of a 28-week ultrasonographic examination 
and manual removal of the placenta at delivery. Pla- 
cental location was reviewed after delivery and com- 
pared with the occurrence of nuchal cord. Nuchal cord 
is defined as the umbilical cord being 360 degrees 
around the neck. 

Table I summarizes the data. 

Among 360 pregnancies the location of the placenta 
was recorded as follows: posterior, 37%; anterior, 38%; 
and fundal, 25%. The occurrence of a nuchal cord 
(14%) among all pregnancies is not the same for each 
of the placental locations; it is most common among 


Table I. Summary of data 






Percentage 





with 
Placental Nuchal nuchal 
location cord cord 





Posterior 134 30 22.4 
Anterior 137 16 me, 
Fundal 89 4 4.5 
TOTAL 360 50 13.9 
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posterior positions (22.4%), nearly twice that for an- 
terior positions (11.7%), and five times that for fundal 
location (4.5%). These differences in incidence are sta- 
uistically significant (logistic regression p = 0.0003). 
The posterior placenta has a statistically significant as- 
sociation with nuchal cord versus other placental lo- 
cations. 

Jason H. Collins, MD 
1344 Covington Highway, Slidell, LA 70460 


REFERENCE 


l. Collins JH, Geddes D, Collins C, DeAngelis L. Nuchal cord. 
A definition and study. J Louisiana State Med Soc 
1991;143:18-23. 


Menopausal patient considerations 


To the Editors: The article by Sutton et al. (Sutton GP, 
Bundy BN, Delgado G, et al. Ovarian metastases in 
stage IB carcinoma of the cervix: a gynecologic oncol- 
ogy group study. AM J OBSTET GYNECOL 1992:166:50- 
3) presents an interesting subset of data collected as 
part of a large surgical staging protocol by the Gyne- 
cologic Oncology Group. The data focus on the overall 
incidence of ovarian metastases in patients with stage 
IB cervical cancer. It would be most helpful if the au- 
thors would further review their data to focus on the 
incidence of occult ovarian metastases in patients be- 
lieved to be candidates for ovarian preservation at the 
time of radical hysterectomy and bilateral pelvic node 
dissection for early cervical cancer. 

Of their 1125 patients, 135 (12%) were excluded for 
protocol problems and an additional 111 (11.2%) did 
not undergo radical hysterectomy with bilateral sal- 
pingo-oophorectomy because of extensive disease 
found at surgery. Of the remaining 879 patients 833 
underwent radical hysterectomy (I cannot account for 
the other 46 patients); of the 833, 439 had a radical 
hysterectomy with bilateral salpingo-oophorectomy. 

Of these 439 women, the authors could delete those 
who were postmenopausal (or >40 years old?) and 
those in whom incidental ovarian pathologic conditions 
were found. The remaining patients would be those in 
whom some physicians would consider ovarian pres- 
ervation at the time of radical hysterectomy. The in- 
cidence of occult metastatic disease for various cell types 
could then be calculated to help allay our fears that 
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ovarian preservation during surgery for early adeno- 
carcinoma of the cervix is not as safe as has been es- 
tablished for squamous lesions. 

‘Tubata et al.' reported that 2 (77%) of 26 cases of 
stage IB adenocarcinoma of the cervix had ovarian me- 
tastases; this statistic heightens our concerns. 

William J. Mann, MD 
Department of Gynecologic Oncology, Riverside Regional Medical 
Center, 500 J. Clyde Morris Blud., Newport News, VA 23601 
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Response declined 


Daily commuting and preterm birth rate 


To the Editors: In a survey carried out in two maternity 
units in the Paris region (1987 through 1988) we 
studied risk factors of preterm births among working 
women. The sample included 838 women who were 
interviewed during their stay in the hospital after de- 
livery; among them, 61% had jobs during their preg- 
nancy. Women who had a qualified job in professional, 
intermediate, or clerical occupations had a significantly 
lower rate of preterm births than women with less- 
qualified jobs in industrial, service, and shop oc- 
cupations (Table I). This finding agrees with the lit- 
erature.” 

In addition, women whose daily commuting time was 
=2 hours with public transportation had a preterm 
birth rate of >2 times that of women whose commuting 
time on public transportation was shorter or women 
who used other types of transportation such as their 
own cars or walking. This difference appeared clearly 
in both groups of occupations; adjustment for occu- 
pational group was a way to control roughly for social 
characteristics and working conditions.’ Women who 
used public transportation for <2 hours daily did not 
have an excess of preterm births. In our sample 33% 
were exposed to =2 hours of public transportation each 
day. 

Kaminski and Papiernik* had already shown that 
long daily travel had to be included in a score of pre- 
diction of preterm birth from data collected in a ma- 


Table I. Preterm birth rate and daily commuting in the Paris region 


All women 


Working women 


Qualified jobs 367 5 
Less-qualified jobs 127 11 
TOTAL 494 7 





Preterm births 


Public 
transportation =2 
hours Other 
No. % 
115 9 235 4 
33 18 85 9 
148 1] 320 5 p< 0.05* 





*Mantel-Haenszel x” test adjusted for qualification of jobs. 
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ternity ward in Paris in 1969. Other French surveys 
conducted later on national samples or on regional 
samples! outside of Paris did not report any clear re- 
lationship between daily travels and the preterm birth 
rate. 

Long daily travels are a consequence of the devel- 
opment of very large cities, which depend on urban 
policy and the labor market. Even if it is important that 
women be aware of the risks, it is probably unnecessary 
to recommend that they change their commuting hab- 
its. The mode of transportation they have chosen is the 
result of a compromise between several personal fac- 
tors, and for them it is the only feasible solution. Doc- 
tors have to keep in mind that long commuting may 
be a risk factor for preterm birth, and all decision- 


makers must be aware of the health consequences of 


their economic choices. 

Marie-Josèphe Saurel-Cubizolles 
Institut National de la Santé et de la Recherche Medicál, 16 Av. P. 
Vaillant-Couturier, 94807 Villejuif Cedex, France 
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Imaging of the levonorgestrel implantable 
contraceptive device 

To the Editors: The availability of the levonorgestrel im- 
plantable contraceptive device in the United States 
has led to its frequent use and predictions that 
many users of oral contraceptives will switch to the 
levonorgestrel implant device (Norplant, Wyeth- 
Ayerst, Philadelphia). ' 

The routine removal of such a device should pose 
no problem in the vast majority of cases because the 
subcutaneous implants are palpable. However, in cases 
in which infection develops or the implant migrates to 
a deeper nonpalpable location, the identification and 
removal of implants may be a problem. Prompted by 
such a case, we attempted to identify the levonorgestrel 
implantable contraceptive device in a normal location 
with roentgenography and ultrasonography of the 
arm. 

The implant was easily identified on an anterior-pos- 
terior projection film of the distal humerus with soft- 
tissue film and filming technique (55 kvp, 10 mA sec). 
The six fanlike projections of the levonorgestrel device 
are radiopaque (Fig. 1). Nonpalpable implants could 
be easily localized with radiopaque skin markers similar 
to those techniques used in mammography. 

With a 10 MHz transducer and | cm gel pad the six 
arms of the levonorgestrel implant device can be iden- 
tified in the transverse plane on the basis of their pos- 
terior acoustic shadowing, a characteristic often seen 
with high-attenuation foreign bodies (Fig. 2). The lon- 
gitudinal axis can also be identified because of the pos- 
terior shadowing. 

Plain film roentgenography of the arm for localiza- 





Fig. 1. Soft-tissue x-ray Alm of the forearm shows the levonorgestrel implantable device with the 


fan-like configuration of its six radiopaque arms (arrows). 
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Fig. 2. Ultrasonogram of the levonorgestrel implantable device with the six arms in their axial planes 
shows the posterior shadowing from the high attenuation of the implant (arrowheads). 


tion in our case was faster, easier, less expensive; it also 
provided better resolution than ultrasonography. Lo- 
calization for nonpalpable implants can be easily done 
with skin markers. 

In summary, a single anterioposterior soft-tissue 
roentgenography of the arm can localize the radi- 
opaque levonorgestrel implant device easily and with 


favorable resolution. This is recommended when pal- 
pable localization of the levonorgestrel implant device 
is not possible. 

Diane M. Twickler, MD, and Barry E. Schwarz, MD 
Department of Obstetrics and Gynecology and Radiology, University 
of Texas Southwestern Medical Center, 5323 Harry Hines Bled., 
Dallas, TX 75235-7786 
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Fig. 1 relates to the Discussion by Dr. Brian A. Little and should have appeared with that 

Discussion on page 1196. The legend should have included the following information: 
(Morris D, et al. [Abstract]. In: Proceedings of the thirty-seventh annual meeting of the 
Canadian Fertility and Andrology Society, 1991:55.) 
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The Thomas Garite/ Roger Freeman Obstetrical Sym- 


posium, October 23 and 24, 1992, Claremont 
Resort, Berkeley, California. Sponsored by 
Alta Bates Medical ‘Center. For information 
contact: Mary Grim; Medical Education Pro- 
gram Manager, tel.: (510) 204-1420. 


National Perinatal Aoii 1992 Annual Clinical 
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Conference and Exposition, “Vision of the 
Future: Changes and G hallenges in Perinatal 
Care,” November 19-22, 1992, Buena Vista 
Palace, Orlando, Florida. For complete con- 
ference brochure, abstract application, or ex- 
hibitor information call NPA at (813) 971-1008 


or Contemporary Forums at (510) 828-7100, 


ext. 102. 
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Courses sponsored by University of California, Ir- 


vine, and Long Beach Memorial Medical 
Center. For information contact the Center 
for Health Education. Tel.: (310) 595-3811. 
November 16-2], 1992, 1Eth Annual 
OB/GYN Review, Costa Mesa, California 
January 13-17, 1993, 8th Annual 
Perinatal Symposium, Beaver Creek, 
Oregon 
February 27—March 6, 1993, 14th Annual 
Current Topics in OB, Aspen, Colorado 
March 25-27, 1993, Gynecologic Surgery, 
Rancho Las Palmas, California 
























The Health Center 
for Women | 


St. Paul-Ramsey Medical Center 
Ramsey Clinic 


The Health Center for Women at St. Paul-Ramsey 
Medical Center and Ramsey Clinic is seeking out a 
physician specializing in obstetrics and Alea 
to join the multi-disciplinary team at the Center. The 
Health Center for Women is a new approach to 
health care andwas ri ES exclusively forwomen. 
Candidates should be board certified/eligible and 

ossess excellent interpersonal skills. The Twin Cit- 
les of Minneapolis and St. Paul are two of the 


country’s cleanest, safest and most enjoyable metro- _ 


politan areas! For more information, kindly mee 
your curriculum vitae to: 
Loriese A. Stoll 
Director of Professional Services 
Ramsey Clinic ' 
~~ §40 Jackson Street 
St. Paul, Minnesota 55101-2595 
(612) 221-3067 


Equal Opportunity Employer 


_RAMSE Y 





VERMONT GYN 
PRACTICE OPPORTUNITY 

A gynecologist only needed for 
solo practice in high quality 
southern Vermont community. 
Progressive 84-bed hospital. | 


Beautiful, culturally active area 
with access to. major ski areas. 


- Hospital will provide financial 
support, office space and: | 
optional practice management. 
Send c.v. to Prudence MacKinney, 
V. P. Professional Services, | 


BRATTLEBORO : 

MEMORIAL HOSPITAL 
9 Belmont Avenue 
Brattleboro, VT 05301 


We're here for you 











` OBSTETRICIANS AND GYNECOLOGISTS 
l | : Hlinois 
OB/GYN Physicians needed to join Carle Clinic 
Association, a 225 physician, multi-specialty group 
practice in central Illinois with opportunities at the 
main campus as well as three additional sites - 
Urbana, Bloomington, Danville and 
Mattoon/Charleston. These communities: offer 
recreational, cultural and educational amenities. 


` Benefit package includes a competitive salary with 


partnership and income sharing plan after two 
years, professional liability insurance, health, life 
and disability insurance and generous vacation and 
meeting time. Contact:. 


Robert C. Parker, Jr., MD 
Medical Director, 
Carle Clinic Association 
602 W. University, Urbana, Illinois 61801 
Phone 217-383-3399 - Fax.217-383-3163 





THOMAS GARITE/ROGER FREEMAN 
“OBSTETRICAL SYMPOSIUM 
Friday, Oct 23 - Saturday, Oct 24, 1992 


at the Claremont ‘Resort 
in Berkeley, CA - 


_- sponsored by Alta Bates Medical Center 


® Fetal Diagnosis 
_ @ Preterm Labor 
e Management of Obstetrical Problems 


l Approved for 11 hours Category I CME credit by the CMA 
Fees: $295 for MD's; gpa for residents/fellows > 


Speakers; Dis. Freeman, Garite, Gilstrap, Hobbins and others 


, Please send me a brochure: 
name: S 
addr: ee | 


MAIL TO: Alta Bates Medical Education peon 2450 Ashby Ave. 
‘Berkeley, CA 94705. For more information call (510) 204-1590. 
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FACULTY POSITIONS 

GENERALIST OBSTETRICIAN 
-GYNECOLOGIST 

. MATERNAL/FETAL MEDICINE 
¿oo -SUBSPECIALIST ` 

GYNECOLOGIC ONCOLOGIST 


REPRODUCTIVE. ENDOCRINOLOGIST - 
The James H. Quillen College of Medicine of East Ten- 


nessze State University offers an excellent opportunity 
to physicians of these specialties who are Board Certified 
or Board Eligible. This opportunity offers both tangible 
and intangible benefits sometimes not found in larger 
cities. Our emphasis is on excellence in service to pa- 
tients, education, and research. These faculty positions, 
both tenure track.and grant- supported, are at open rank 
and offer very competitive salaries and ‘excellent fringe 
benefits. The Gynecologic Oncologist position is funded . 
by an outside source. The Tri-Cities area boasts of good 
schools and suburban living in beautiful Northeast Ten- 
nessee with easy access to various cultural activities. 
Our outdoor'sports include all water sports, snow skiing, 
the Appalachian Trail, and numerous scenic attractions. _ 
Our medical referral base consists of 1 .3 million people 


within:a 50 mile radius, Send curriculum vitae ‘to: 


Frederick R. Jelovsek, M.D. E 
Professor and Chairman, 
. Dept. of OB/GYN I a 
James H: Quilien d 
College of Medicine > —— | 
East Tennessee State University 
Box 70,569 eoo] 
Johnson City, TN 37614-0569 | 


ETSU is an AA/EO, employer. 


‘East Tennessee State University 


Obstetrics/ — 
Gynecology 


The joining. of two proud traditions in Chicago means you 


can now practice medicine the way you've always wanted. 


' Benefit from the combined strengths of MICHAEL REESE’S 


century-long history of providing the highest quality care 


and services and HUMANA'S expanding national organiza-. 


tional expertise and fiscal/management resources. 

You'll practice in the collegial en ironment of a multi-spe- 
cialty group setting with continuous access, to premier 
teaching and research opportunities and innovative medi- 
cal technologies. | 
Our growing network of 22 health centers and 

17 affiliated hospitals, conveniently located throughout 


the metropolitan area, offers youi the flexibility to choose - 


a schedule that accommodates your proféssiorial and life- 
-style needs at an income level you set. 

Create your own future by. joining ours. Contact: 

Patrick Green, Medical Affairs: 

HUMANA-MICHAEL REESE HMO 

_ 2545 King Drive 

Chicago 60616 

or call 312.808.4551 


Humana-Michael Reese. HMO - 


an equal opportunity employer mifth — 
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‘We are currently seeking an OB- 
_GYN physician to join a success- 


ful practice in association with a 
365 bed, not-for-profit hospital in 
the Southeast. The hospital has 
annual ; revenues. of - approxi- 


mately $133 million. Candidate 


will be board-certified or board- 
eligible. Attractive salary and 
benefits package is offered (in- 
cluding vesting in a pension plan, 
profit sharing plan, and partner- 
ship after the first year). Contact 
Mr. John J. Baumann, Vice Pres- 
ident of J. J. & H., Ltd. at (404) 
952-3877. 


OBSTETRICIAN- 
- GYNECOLOGIST 


Board Eligible/Board Certified OB- 
GYN to join four physician Department 
in 48 physician fee for service multi- 
specialty group in a city of 70,000 lo- 
cated adjacent to the Rocky Moun- 
tains. Large drawing area, outstand- 
ing variety of year-round recreational 
lifestyle. Guaranteed minimum in- 
come, malpractice, educational bene- 
fits and- early partnership. For further 


¿details please call or forward C.V. to: 


‘Robert J. McClure, M.D. 
1400 29th St. So. 

P. O. Box 5012. l 
Great Falls, Mt. 59403 
(406)-454-2171 





OB/GYN 


Opportunity in pleasant, semi- 


rural community. Progressive 
hospital with excellent medical 
_ staff and supportive Board of Di- 
rectors. Facility has lovely Fam- 


ily Birthing Center with. LDRP 
rooms, excellent all RN staff—_ 
NRP certified. Enjoy the charm ` 


and security of a small town with 
quick access to- metropolitan 
areas. Contact: 


Charles Duffy, President 
Kewanee Hospital 
719 Elliott 
Kewanee, IL 61443 
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Perinatologist 


The Department of Obstetrics and Gynecology 


of the Long Island Jewish Medical Center is 
recruiting a third Perinatologist to join the 

. Division of Maternal/Fetal Medicine. The 
Medical Center is an 825-bed institution with 
approximately 4,000 deliveries each year, 40% 
of which are. “high risk”. An established 


Antepartum Testing Unit operated by the Divi- 


sion offers sophisticated ultrasonographic: 
facilities and doppler. technologies for fetal 
blood flow assessment. Our Neonatal ICU is 
one of the largest and most advanced in the 
entire metropolitan area. Experience with in- 


vasive techniques like CVS and PUBS preferred. 


Responsibilities include student and resident 
` teaching, prenatal diagnosis, perinatal con- 
sultation and a strong interest in research. 


Excellent benefit package includes competitive 
salary, pension plan and ample time for 
research and ‘scientific meetings. Contact: 

Dr. Adie! Fleischer, Department of OB/GYN, 
Room 1100, at (718)470-7660. Long island 
Jewish Medical Center, 270-05 76th Avenue, 
New Hyde Park, NY 11042. An Equal Oppor- 
tunity Employer. ` 


Long Island Jewish 
Medical Center ` 


The Long Island Campus for the 
Albert Einstein Collegeof Medicine . 








4010, Ext. 21 51. 


 PERINATOLOGIST 


to join its busy division in Maine’s only tertiary peri- 
natal: center. The center features a new labor and 


- delivery suite and NICU as well as an established 


high resolution ultrasound diagnostic unit perform- 
ing invasive diagnostic procedures. 


Maine Medical Center is northern New England S 
largest teaching and referral hospital employing 
3,500 people. The hospital is located in Portland, 
Maine, a vibrant and growing city providing the 
cultural events expected of a large city, but with 
easy access to the ocean, lakes, and mountains. 


We offer an excellent salary and benefits package. 
Interested candidates should send their curriculum 
vitae to Phillip Stubblefield, M.D., Chief; Depart- 


ment of Obstetrics and Gynecology, Maine Medical 


Center, 22 Bramhall Street, Portland, ME 04102, 
or call (207) 871-2749..An re i EE em- 
ployer. 


MAINE MEDICAL CENTER 


VW 


DEDICATED TO EXCELLENCE 





OB-GYN Physicians 
Large multispecialty. group is seeking to 
add BC/BE Obstetrician-Gynecologists to 


its current staff of five. Department is ac- 
tive in donor and husband insemination. 


Opportunity to develop in vitro and Gift . 


Programs available. 


Fargo Clinic MeritCare is located next to 
St. Luke’s Hospitals, a 400 bed tertiary 
care & trauma. center. St. Luke’s is a 


_NACHRI designated Children’s Hospital 


with a level ill ICN staffed with four BC 
Neonatologists. 


Fargo, ND, and its sister city of Moorhead, 


MN, is a tri-college community of 130,000. 


Exceptional opportunities for cultural, rec- 
reational, sporting or hunting activities 
available year around. 

Competitive compensatory package. Re- 


_ spond to Kathleen McKittrick Toft, Direc- 


tor,- Physician: Recruitment, 737 Broad- 
way, Fargo, ND 58123 or call 1-800- T 


‘Maine Medical Center is seeking a Perinatologist _ 
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MEDICAL CENTER OF DELAWARE _ 


CHAIRPERSON: OF THE | 
DEPARTMENT OF OBSTETRICS- 
> O, GYNECOLOGY | 


| 
The Medical Center: of Delaware, an 1100: 


. bed, tertiary care’ major teaching: institution | 
‘affiliated with Thomas Jefferson University, 


` seeks a full-time chairperson of the. Depart- 
-ment of Obstetrics- -Gynecology. Over 6,500 


deliveries: and 34,000 procedures. are pér- 


_ formed annually... 


-| . skills, administrative ability and experience in `. 
a a department with a fully. accredited Ob-Gyn .. 


Candidates should have: recognized ‘clinical 


_residency and.active research programs. ‘The 
'. successful ‘candidate’. will - receive an .aca- 
‘demic appointment .commensurate with ex- 


. perience at Jefferson Memorial College of the — 


Thomas. Jefferson oe in Ba ia; 


PA. 
Fo Please send curriculum vitae to: Garrett H. C. 
` Colmorgen, M.D. Chairman, Search Commit- 


` tee, c/o Patti Falkowski; CMSC,, j 


` 1668, Wilmington, DE 19899.- 
` The Medical Center of Delaware i is an affirma- 


The Rural Health Groùp, Inc: in Jackson : 
NC invites you to practice OB/GYN in an- 
area: where your patients appreciate the. 
service. you provide. and respect your will-" 
_ingness to serve. — Ie : : 


Be part of a mult-disciplinary team includ- 
ing:2 OBs, 3 FPs, 1.IM and several PAs, 


working in a modern; well equipped facil- ` 
ity. You will receive ‘an.attractive compen- 


| tive ‘ction/equil opportunity poyer 





- i 3 
-OB/GYN Opportunity in 
North Carolina’ 





sation package, plus have your medical 


-school loans repaid. $ 
- Rural Health Group, Inc. offers an oppor- 


‘tunity to serve, and a quality lifestyle in. 
an area only four hours from Washington; 
~ DC, andless than two hours from Raleigh, : 


: For. more information, please -call. Bill: 
Remmes, peouure Director at kä 9) 
534- 1661. Gag. | 
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DIRECTOR, MATERNAL 


` FETAL MEDICINE | 
Santa Barbara Cottage Hospital 


. Santa Barbara Cottage Hospital, a 465-bed regional referral - 


center-and largest hospital between Los Angeles and San 


_ Francisco, is seeking a Director and associate to direct the 
"Perinatology program for the Department of Obstetrics and’ 
‘Gynecology. An active, neonatal intensive care. nursery and 


maternal transport program are currently. serving the central 


California Coast. Applicants must be board certified or eligible. 
’ Interested applicants should sènd curriculum vitae or inquire 


gn Robert Reid, M.D. 

.. Chair, Search Committee 
SANTA BARBARA COTTAGE HOSPITAL — | 
~ © Administration `. 

; i P. O. Box 689 © 
` Santa Barbara, CA 93102 
| (805) 569-7290 


Equal Opportunity Employer 


Santa R Cottage Hospital 


ka . 
4 a 
+ 
’ $ : ve 
r . 


~ OBSTETRICIAN/GYNECOLOGIST 


: - Unique opportunity for 2 board certified/ ` 


board eligible obstetrician/gynecologists, 


~. 90 minutes from New York City. Sullivan 
-| _ County Catskill Mountains, semi-rural pic-. 
_ turesque communities. ' Quality lifestyle/ 


recreational ‘amenities. Fully equipped 


“modern 220 bed facility with comprehen- | 


sive diagnostic & therapeutic services in- 


` cluding 24 hour emergency room services 
‘and shared on-call. coverage. Excellent 
compensation package including 


$225,000 minimum income guarantee. . 


: Eligible for N.Y.S. Regents scholarship . 


& Loan Forgiveness Program financial 
assistance. ‘Contact _ 


. Mr. ‘Martin I. Richman 
‘Executive Director 
Community General Hospital - 
of Sullivan County - 

'P. O. Box 800 - 

Harris, NY 12742 

"Tel. (914) 794-3300 





The Department of Obstetrics and Gynecol- 
ogy, Hospital and School of Medicine, Univer- 
sity of Pennsylvania, announces the availabil- 


ity of positions in General Obstetrics and. 


Gynecology at the rank of Assistant and As- 

sociate Professor. Excellent clinical skills re- 
quired. Teaching commitment is essential. 
Applicants should be board certified or active 
candidates for certification by The American 
Board of Obstetrics and Gynecology, Inc. Sal- 
ary and academic rank will be commensurate 
with candidate’s training and experience. 


Candidates should submit a current C.V. and — 


three references to: 


Michael T. Mennuti, M.D. 

Professor and Chairman . 

Department of Obstetrics and Gynecology 
Hospital of the University of Pennsylvania 
3400 Spruce Street 

Philadelphia, PA 19104-4283 


We are an affirmative action/equal opportu- — 


nity employer and actively seek women and 
minority candidates. 


Two full-time positions are available in the Department 
of Obstetrics and Gynecology, University of California, 
Davis, Medical Center, Sacramento, as perinatologists 
on the Maternal/Fetal Medicine Service with concurrent 
appointments to the faculty of the University of California, 


Davis, School of Medicine. Applicants should be Board. 


eligible or certified in Obstetrics and Gynecology and 
must have successfully completed subspecialty training 
in Maternal/Fetal Medicine with subsequent Specialty 
‘Board eligibility and/or certification in Maternal/Fetal 
Medicine. Applicants must possess or be eligible for med- 


ical licensure in the State of California. Applicants must . 


demonstrate experience and competence in teaching ef- 
fectiveness and research related activities or potential 
for such activities. Applicants must demonstrate experi- 
ence in prenatal diagnosis, ultrasound and genetics. 


Responsibilities of these positions include direction and 
responsibility for research activities in the division, both 
inpatient and. outpatient case management, surgery and 
procedures specific to high risk obstetrics participation 
in teaching activities with residents, interns and medical 
students, development and/or participation in research 
activities and involvement in University and iniiis com- 
mittees. 

Send curriculum vitae and five references to: 

R. Jeffrey Chang, M.D. 

Chairman, Department of Obstetrics and Gynecology 
University of California, Davis, Medical Center 
1621 Alhambra Boulevard, Suite 2500 
Sacramento, California 95816 
These positions will be open until filled but not later than 
.December 31, 1992. 

The University of California, Davis is an equal 
opportunity, affirmative action employer. 


OBSTETRICIAN 
GYNECOLOGIST 
UNIVERSITY OF CONNECTICUT 


Board certified or Board eligible general 
obstetrician-gynecologist for academi- 
cally oriented University faculty position. 
Excellent opportunity to teach residents 
and medical students, care for patients, 
become involved in academic research 
initiatives and develop administrative 
skills. 


Write or call: 


Jack N. Blechner, M.D., Chairman 
(203) 679-2856 
FAX (203) 679-1286 


Department of Obstetrics and 
Gynecology MC1230 

School of Medicine 
University of Connecticut 
Farmington, CT 06030 


THE DEPARTMENT OF OBSTETRICS AND GYNECOLOGY 
UNIVERSITY OF WISCONSIN MEDICAL SCHOOL 


is seeking applicants for two (2) full-time faculty pcsitions for a 
new women’s health center and academic program at its Milwaukee 
Clinical Campus. 


Sinai Samaritan Medical Center has recently consolidated its obstet- 
rical and gynecological services in a redesigned facility in downtown 
Milwaukee. The department supports a residency program, the 
largest perinatal service in Wisconsin (5500 deliveries), consultative 
ultrasound, genetic and infectious disease programs, and reproduc- 
tive/endocrine services (including an IVF program). The department 
is affiliated with Planned Parenthood of Wisconsin and St. Luke's 
Medical Center in Milwaukee. - 


Qualifications include a board candidacy or certification in obstetrics 
and gynecology and a commitment to teaching residents, medical 
students, and clinical research. Qualifications for the wo positicns 
for GENERAL OB/GYN can take into consideration special individual 
interests. Special expertise of interest for the department are: 


— STATEWIDE FAMILY PLANNING 
(Part-time medical director, Planned Parenthood) 
— OPERATIVE LAPAROSCOPY, HYSTEROSCO°Y 
—UROGYNECOLOGY 
—OB/GYN ULTRASOUND 
Private practice opportunities are also available in an associated 
offsite multispecialty clinic and all faculty members participate in 
a group practice at the institution. Contact: 
Chester B. Martin, M.D. Fredrik F. Broekhuizen, M.D. 
Chairman Chairman and Chief 
Department of Obstetrics and Milwaukee Campus 
Gynecology Department of Obstetrics/ 
University of Wisconsin Gynecology 
Medical Schi. University of Wisconsin 
600 Highland Avenue, Medical Schl. 
H4/654 CSC - Sinai Samaritan Mecical Center 
Madison, WI 53792 2000 West Kilbourn Avenue 
Milwaukee, WI 53233 
(414) 937-5600 


The University of Wisconsin Medical School is an equal opportunity employer 
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FACULTY OPENINGS 
IN | 
PER a & GYNECOLOGY: 
FOR elt 
_GENERALISTS | 


Full time faculty positions at the University of. 


South Alabama; Department of Obstetrics & 


Gynecology. Excellent ‘opportunity. for teach- 


ing, research and clinical service. Individuals 


` must be board eligible or certified in Specialty. i 
` The academic rank and salary will be depen- » 
dent upon the training and. experience of the - 


applicant: These positions are. ee im- 


*. mediately. . a4 
Please | contact: 


ee 


lan H. Thorneycroft, Ph.D., M. D. 
Professor and Chairman 
Department of Ob- -Gyn 
University of South Alabama 
College of Medicine ` 
2451 Fillingim Street. 
>z.: Mobile, Alabama 36617 
| (205) 470-5815 ` 


` < University of South Alabama 
is an ene Opportunity Employer 


< areae ee 


CHAIRMAN 


The University of South Carolina i is accepting ap- 


plications and nominations for Professor and Chair | 


of the Department of Obstetrics: and Gynecology. 
The department has eight full-time faculty and six- 
teen residents. It is broadly based, with particular 
strengths in oncology, genetics, ultrasonography, 


maternal and fetal medicine, reproductive endo- . 


crinology, and urodynamics. The selected indi- 
vidual will have outstanding credentials in clinical 
care, research, and academic administration. The 
Chair's responsibility includes residency and med- 
ical student programs in the University of South 
Carolina, School of Medicine, Richland Memorial 
Hospital, the Dorn VA Medical Center; the Moncrief 
Army Community Hospital, ‘and the Greenville Hos- 
pital System. The incumbent is expected. to pro- 
mcte scholarly endeavors, provide administrative 
leadership to the faculty: and staff and to have a 
national . and international reputation. Applicant 


should submit a curriculum vitae and the names: 


of three references. to James A. McFarland, MD, 
Search Committee Chairman, University of South 


Carolina School of Medicine, Center for Cancer - 


Treatment and Research, Seven.Richland Medical 
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_| Park, Suite 202, Columbia, SC 29203. The Univer- ` 
_ sity of South Carolina is an Affirmative ADEN 





Peportunlty Employer. a 
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=] . has 2 openings for BC/BE Physicians in its OB/GYN 


REPRODUCTIVE 


ENDOCRINOLOGIST | 





Candidate must be board certified/board eligible i in’ 


. reproductive endocrinology. 


Responsibilities include resident and student teach- 


Michael R. Caudie, M.D. 
Professor and Chairman 


cing, assisting in the continuing development of a 
` growing infertility and eee OMRON and 
= Clinical practice. ' 


“Interested candidates should contact: 


Department of Obstetrics and Gynecology _ 


The University of Tennessee 
: Medical Center — Knoxville — 
1924 Alcoa Highway 
_ Knoxville, Tennessee 37920. 
- (615) 544-9291 





_ THE UNIVERSITY OF TENNESSEE: 
Medical Center at Knoxville 


EEO/An Affirmative Action/T itla \X/Section 504/ADA Employer 


Winthrop University Hospital, a major 569-bed teaching 
affiiate of SUNY Stony Brook School of Medicine, currently 


Department. This is a dynamic cepartment which includes a 
full service. Perinatal Laboratory and provides over 4,000 


` GYN procedures utilizing cutting edge surgical technologies 


and 4,000 deliveries per year. 


General Obstetrician/Gynecologist 


This full time position offers participation in resident and 


= ~ medical student teaching activities, research opportunities 


and clinical practice. 


‘Perinatologist.Faculty Position 


In addition to research, teaching, and consultation activities, you | 
will work closely with The Materral Fetal Medicine group pro- ` 


viding chorionic villus sampling, amniocentesis, cordocentesis, 
ultrasonography, computerized fetal heart monitoring, and other 
state of the art genetic testing/fetal monitoring services, 


Winthrop University provides compensation that is competi- 


;| tive with experience, credentials and rank, in addition to an 
outstanding suburban environment. Interested applicants ' 


should send CV to: Harold Schulman, MD, Professor and 
Department of Obstetrics & Gynecology, 


£] . Chairman 
<|- Winthrop-University Hospital, 259 First Street, Mineola, 
l LI, NY 11501. An see said Employer M/F/H/V 











THE DEPARTMENT OF OBSTETRICS 
AND GYNECOLOGY 
UNIVERSITY OF WISCONSIN 

MEDICAL SCHOOL — 


is seeking applicants for two (2) additional full-time faculty. 
positions in MATERNAL FETAL MEDICINE for a new 
women’s health center and academic program at its Mil- - 
waukee Clinical Campus. The current faculty includes two 
perinatologists. 


Sinai Samaritan Medical Center has recently consolidated 
its obstetrical and gynecological services in a redesigned 
facility in downtown Milwaukee. The department has the 
largest perinatal service in Wisconsin (5500 deliveries) and 
has a dedicated antenatal testing and perinatal ultrasonog- 
raphy unit, a midwifery, and adolescent pregnancy service. 
The department has an affiliation with St. Luke’s Medical 
Center in Milwaukee for its residency program. 
Qualifications include board candidacy or certification in — 
maternal-fetal medicine and a commitment to teaching re- 
sidents, medical students, and clinical research. Compet: 
tive salary package. Contact: 


Chester B. Martin, M.D. 


ASSISTANT PROFESSOR 
IMMUNOLOGY - 


Candidate must ‘possess a Ph.D. in immunology 
and satisfactory completion of post-doctoral train- 
ing. Interested and proven record in research in 
immunology of pregnancy is highly desired. 


Responsibilities include the supervision of the Preg- 
nancy Immunology Laboratory, resident and stu- 

dent teaching, collaboration with current investiga- 
tors and research development. 


interested candidates should contact: 


Michael R. Caudle, M.D. 
Professor and Chairman 
patel i of Obstetrics and Gynecology 


Fredrik F. Broekhuizen, M.D. The University of Tennessee 


Chairman Chairman and Chief 
Department of Obstetrics/ Milwaukee Campus - Medical Center — Knoxville 
Gynecology - Department of Obstetrics/ 1924 Alcoa Highway 
git hed beta r eee | . Knoxville, Tennessee 37920 
edical Schoo niversity of Wisconsin 
600 Highland Avenue, Medical School | 5 net) ree i 
H4/654 CSC Sinai Samaritan Medical 
Madison, WI 53792 | eee acs THE UNIVERSITY OF TENNESSEE 
Milwaukee, WI oum Avenue - Medical Center at Knoxville 
_ (414) 937-5600 EEO/AA/Title IX/Section 504/ADA Employer 
The University of Wisconsin Medical Schooi is an equal 


opportunity employer. 


Generalist 
Obstetrics/Gynecology 


Physician OBIGYN| 


`. The Department of OB/GYN of St. Elizabeth Hospi- 


St. John’s Queens Hospital, a 
division of Catholic Medical Center, 
is a 358 bed acute care facility 


| serving the Queens community. We 






Built in 1883 


seek a Board Certified/Board 


Peter Albanese, Director of OB/GYN 
ga g 457-1 300 Ext. 2245 - 


wie 


tal Medical Center, a 660 bed teaching affiliate of 
The Northeastern Ohio Universities College of 
Medicine, is seeking a full-time clinical faculty mem- 
ber. Desire a BC/BE generalist interested in teaching 
and supervising residents and medical students as 


Te mult ety Eligible OB/GYN Physician. We well as participating in direct patient care in ambula- 
dical have an immediate opening for this tory and hospital settings. The community offers a 
medica center —_ full time/part time position. : | 
committed to p p strong housing market, excellent educational! 
` my n care | We offer i a salary. and resources, and abundant recreational facilities. 
dedication to | noon sandidaias should send CV - Chairman/Director of Education, OB/GYN, 
papier We | to: Director of Personnel, Catholic St. Elizabeth Hospital Medical Center, = 
teaching affiliate of | Medical Center of Brooklyn & ` 1044 Belmont Ave., Youngstown, OH 44501. 
Cornell University |. Queens, Inc., 88-25 153rd Street, _Or call (216) 746-2255 ext. 2766. 
Medical Center, Jamaica, New York 11432 or call Dr. 


An equal opportunity employer 


Kizabeth 


* HOSPITAL MEDICAL CENTER 
1044 Belmont Ave. e Youngstown, Ohio . 
Member of the Humility of Mary Health Care System 
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© FRIENDLY FOLKS. BREATH-TAKING BEAUTY. : 
AND THE BEST MEDICINE OUTSIDE CE Be 


| "MARSHFIELD, WISCONSIN. 
| 


archfield Clinic, a 400-physician | dandan of lakes, rivers and streams. Recreational 
| N ioe 


multi-specialty practice, has 3 opportunities are plentiful year’ ‘round. Midwestern alae 





remarkable į practice opportunities w within in combination with 
its network of 21 in centers. PE ; | professional excellence 


Ti - contribute to an out 
2 Practice We are seeking 


standing quality of life. ae 
If these opportunities a 5 





obstetrician/ a ma to join our practices in west cen 


“tral, Honken and north ena Wisconsin. These prac- 


intrigue you, contact David Draves at S te ms: | 
tices.are multi-specialty and range in size from 14 to 35 eer Te : 


| ee, | : 1-800-782-8581, ext. 7-5376. | ` ow. 
physicians. - pom . , $ Nean 


/ REESE o: pce oor Wa MARSHFIELD CLINIC 


; t thi onsin, a state rich in 
nities are located roughout Wisc nsin, ich i soni Nees Gal aces 


. , natural beauty. Thelareas are’surrounded by forest withan. | © ` Marshfield, WI 54449-5777 4 
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- CURRENT PROBLEMS IN OBSTETRICS, 
GYNECOLOGY AND FERTILITY 

Editor-in-Chief: Robert L. Barbieri, MD + 
l State University of New York at Stony Brook 


Current Probleris4 in Obstetrics, Gynecology and Fertility 
brings you.the authoritative, practical information you 
- need to stay current in your specialty. 








Yes! Please bain my oer to Current Problems 
. in Obstetrics, Gynecology and Fertility (6i issues per year). 


1992 Rates U.S.A." Canadat International’ - 5, 
C} individual $65.00 $75.00 $85.00 | 
CJ Student, resident 39.00 47.18 59.00 , 
_ LI Institutional 90.00 - 101.76 - 110.00 
t Includes Canadian GST. 


* -Exclusive cf Japan and india. Contact Publisher for ae and agent 
information. - 


Individual and student/resident subscriptions must: be in the name 
of, billed to, and paid for by the individual. Please allow 6-8 weeks . 
for receipt of first i issue in U.S. 


CL} Send me a custom binder for $20.00. (Holds 12 issues) 


| 

| 

| 

| 

| 

| 

| 

| 

E Each bimonthly, ate ais ona specific clinical | 
| - Method of Payment (please check one) 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 
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problem you see in your, practice or on a subject area in 


which important clinical m research infor mat- on is We'll send an extra issue free if payment accompanies your order! 





being gener ated. | | = L] check (U. S. funds, payable to Current Problems in la it 
e You peta complete analysis of topics such as: pre- = Aa aha alae 
_ conceptual counseling, infertility, endocrine problems, -Q MasterCard Orc mernational O vsa an me . 
high-risk obstetrics, sexually transmitted diseases, « Credit card # xp date 
pediatric and adolescent gynecology, and 1 more. _ Signature - i 
© © Each article is extensively referenced, saving you hours: |: are — 
of library research. | . é 
i | ~ City gate te a State — ZIP 
Subscribe. today by returning the attached order form or | county a Neue 
by calling our toll- free number! pea a | | = J5272FZC 


| K = ‘| Mosby-Year Boox, Int., Journal diibecrip tien Servicas, 
NA Mosby ee a ae ; 11830 Westline Industrial Drive, St. Louis, MO: 63146 U.S.A. . 
= l , ',. For faster service, phone: (314) 453-4351 Fax: (314) 432- 1158 
l Year Book . ox = i E Inthe US, call toll-free: 1-800-325-4177, ext. 4351 > ` 
| . i 
i 
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“Smart, current, 
in-depth, tough, unique, 
charismatic, authoritative, 
handy, relevant, lucid, 
thorough, convenient, 
detailed, pithy, top-notch, 
helpful, sagacious, 
indispensable, 
comprehensive, timely, 
thought-provoking, incisive, 
straightforward, lively, 
astute, invaluable, 
concise, fact-packed, 
and one-of-a-kind.” 





Okay. So maybe we're examination copy. Put it to work for a month, and if 
ele going a little overboard. But you're not completely satisfied for any reason, just send it 
USI Oo our subscribers are an back and owe nothing. 
opinionated and enthusiatic But we hope you might want to send us a few 
- bunch. Nearly one in four adjectives of your own instead—extraordinary, versatile, 
- physicians practicing today and revolutionary are still available. 
wee is a Year Book subscriber and they (Ga E 
are Gs in their loyalty. | [I Yes! please send my 30-day free approval copy of the 1992 Year Book 
And why not? A subscription to the Year Book | of Obstetrics and Gynecology (22636) according to the service terms described 
gives you all the past year’s most essential ob/gyn | below. IfI decide to keep the book I'll pay just $59.95 (plus shipping, 
‘articles condensed for quick and easy reading, and | handling, and state sales tax where appropriate). 
` expert advice to help you put the latest findings and aoe 


techniques to work immediately. | 
1 Address 


Let’s be honest, though, no list of two-dollar | 
words can really convey a book’s usefulness and value. | City, State, Zip Telephone 
You’ve got to evaluate it for yourself. ! WA Me 
5 5 . . s i Year Book 
That’s why we’re offering you this no-risk, no- PNN nu. onan ane acae 


«nes ab. 
it quick 
id, cf cc 
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21- and 28-day regimens 


ORTHO-NOVUM/ 77 


norethindrone/ethiny! estradiol 


“Each white tablet contains 0.5 mg norethindrone and 0.035 mg ethinyl estradiol. Each light peach tablet 
contains 0.75 mg norethindrone and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg noreth- 
indrone and 0.035 mg ethinyl estradiol. Each green tablet in 28-day regimen contains inert ingredients. 


IMPORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information 
provided with the product and therefore should not be used as the basis for prescribing the product. 
_ This summary was prepared by deleting from the complete prescribing information certain text, tables 
_and references. The physician should be thoroughly familiar with the complete prescribing information 
before prescribing the product. 


INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. . 
CONTRAINDICATIONS: Oral contraceptives should not be used in women who currently have the following 
conditions: 1. Thrombophlebitis or thromboembolic disorders. 2. A past history of deep vein thrombophle- 
bitis or thromboembolic disorders. 3. Cerebral vascular or coronary artery disease.4. Known or suspected 
carcinoma of the breast. 5. Carcinoma of the endometrium or other known or suspected estrogen-depen- 
dent neoplasia. 6. Undiagnosed abnormal genital bleeding. 7 Cholestatic jaundice of pregnancy or jaundice 
with prior pill use. 8. Hepatic adenomas or carcinomas. 9. Known or suspected pregnancy. 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral contracep- 
tive use. This risk increases with age and with heavy smoking (15 or more cigarettes per day) and 
is quite marked in women over 35 years of age. Women who use oral contraceptives should be 
strongly advised not to smoke. 























The use of oral contraceptives is associated with increased risks of several serious conditions including 
yocardial infarction, thromboembolism, stroke, hepatic neoplasia, and gallbladder disease, although the 
isk of serious morbidity or mortality is very small in healthy women without underlying risk factors. The 
risk of morbidity and mortality increases significantly in the het of other underlying risk factors such 
as hypertension, hyperlipidemias, obesity and diabetes. Practitioners prescribing oral contraceptives 
should be familiar with the following information relating to these risks. The information contained in this 
brief summary is principally based on studies carried out in patients who used oral contraceptives with 
higher formulations of estrogens and progestogens than those in common use today. The effect of long 
term use of the oral contraceptives with lower formulations of both estrogens and progestogens remains 
to be determined. Throughout this brief summary epidemiological studies reported are of two types: 
retrospective or case control studies and prospective or cohort studies. Case control studies provide a 
measure of the relative risk of a disease, namely a ratio of the incidence of a disease among oral contra- 
| septive users to that among nonusers. The relative risk does not provide information on the actual clinical 
occurrence of a disease. Cohort studies provide a measure of attributable risk, which is the difference in 
‘he incidence of disease between oral contraceptive users and nonusers. The attributable risk does pro- 
ide information about the actual occurrence of a disease in the population. For further information, the 
ader is referred to a text on i as sae methods. 1. THROMBOEMBOLIC DISORDERS AND OTHER 
AASCULAR PROBLEMS. a. Myocardial Infarction. An increased risk of myocardial infarction has been 
ssociated with oral contraceptive use. This risk is primarily in smokers or women with other underlying 
risk factors for coronary artery disease such as hypertension, hypercholesterolemia, morbid obesity, and 
diabetes. The relative risk of heart attack for current oral contraceptive users has been estimated to be two 
to six. The risk is very low under the age of 30. Smoking in combination with oral contraceptive use has 
been shown to contribute substantially to the incidence of myocardial infarctions in women in their 
id-thirties or older with smoking accounting for the majority of excess cases. Mortality rates associated 
ith circulatory disease have been shown to increase substantially in smokers, especially in those 35 
ears of age and older among women who use oral contraceptives. Oral contraceptives may compound the 
effects of well-known risk factors, such as hypertension, diabetes, hyperlipidemias, age and obesity. In 
particular, some progestogens are known to decrease HDL cholesterol and cause glucose intolerance, 
while estrogens may create a state of hyperinsulinism. Oral contraceptives have been shown to increase 
blood pressure among users (see section 9 in WARNINGS). Similar effects on risk factors have been 
associated with an increased risk of heart disease. Oral contraceptives must be used with caution in 
women with cardiovascular disease risk factors. b. Thromboembolism. An increased risk of thromboem- 
bolic and thrombotic disease associated with the use of oral contraceptives is well established. Case 
control studies have found the relative risk of users compared to non-users to be 3 for the first episode of 
uperficial venous thrombosis, 4 to 11 for deep vein thrombosis or pulmonary embolism, and 1.5 to 6 for 
fromen with predisposing conditions for venous thromboernbolic disease. Cohort studies have shown the 
relative risk to be somewhat lower, about 3 for new cases and about 4.5 for new cases requiring hospital- 
ization. The risk of thromboembolic disease associated with oral contraceptives is not related to length of 
use and disappears after pill use is stopped. A two- to four-fold increase in relative risk of post-operative 
thromboembolic complications has been reported with the use of oral contraceptives. The relative risk of 
venous thrombosis in women who have predisposing conditions is twice that of women without such 
medical conditions. If feasible, oral contraceptives should be discontinued at least four weeks prior to and 
for two weeks after elective surgery of a type associated with an increase in risk of thromboembolism and 
during and following prolonged immobilization. Since the immediate postpartum period is also associated 

ith an increased risk of thromboembolism, oral contraceptives should be started no earlier than four 

eeks after delivery in women who elect not to breast feed. c. Cerebrovascular diseases. Oral contracep- 
ives have heen shown to increase both the relative and attributable risks of cerebrovascular events 

hrombotic and hemorrhagic strokes), although, in general, the risk is greatest among older (>35 years), 
ypertensive women who also smoke. Hypertension was found to be a risk factor for both users and 
on-users, for both types of strokes, and smoking interacted to increase the risk of stroke. In a large study, 
the relative risk of thrombotic strokes has been shown to range from 3 for normotensive users to 14 for 
users with severe hypertension. The relative risk of hemorrhagic stroke is reported to be 1.2 for non- 
smokers who used oral contraceptives, 2.6 for smokers who did not use oral contraceptives, 76 for 
mokers who used oral contraceptives, 1.8 for normotensive users and 25.7 for users with severe hyper- 
ension. The attributable risk is also greater in older women. d. Dose-related risk of vascular disease from 
ral contraceptives. A positive association has been observed between the amount of estrogen and 
rogestogen in oral contraceptives and the risk of vascular disease. A decline in serum high density 
ipoproteins (HDL) has been reported with many progestational agents. A decline in serum high density 
ipoproteins has been associated with an increased incidence of ischemic heart disease. Because estro- 
ens increase HDL cholesterol, the net effect of an oral contraceptive depends on a balance achieved 
etween doses of estrogen and progestogen and the activity of the progestogen used in the contraceptive. 
he activity and amount of both hormones should be considered in the choice of an oral contraceptive. 
Minimizing exposure to estrogen and progestogen is in keeping with good principles of therapeutics. For 
any particular estrogen/progestogen combination, the dosage regimen prescribed should be one which 
contains the least amount of estrogen and progestogen that is compatible with a low failure rate and the 
fens of the individual patient. New acceptors of oral contraceptive agents should be started on prepara- 











ions containing 0.035 mg or less of estrogen. e. Persistence of risk of vascular disease. There are two 

tudies which have shown persistence of risk of vascular disease for ever-users of oral contraceptives. Ina 
study in the United States, the risk of developing myocardial infarction after discontinuing oral contracep- 
tives persists for at least 9 years for women 40-49 years who had used oral contraceptives for five or 
more years, but this increased risk was not demonstrated in other age groups. In another study in Great 
Britain, the risk of developing cerebrovascular disease persisted for at least 6 years after discontinuation 
of oral contraceptives, although excess risk was very small. However, both studies were performed with 
oral contraceptive formulations containing 50 micrograms or higher of estrogens. 2. ESTIMATES OF 
MORTALITY FROM CONTRACEPTIVE USE. One study gathered data from a variety of sources which have 
estimated the mortality rate associated with different methods of contraception at different ages. These 
estimates include the combined risk of death associated with contraceptive methods plus the risk attribu- 
table to pregnancy in the event of method failure. Each method of contraception has its specific benefits 
and risks. The study concluded that with the exception of oral contraceptive users 35 and older who smoke 
and 40 and older who do not smoke, mortality associated with all methods of birth control is low and 
below that associated with childbirth. The observation of an increase in risk of mortality with age for oral 
contraceptive users is based on data gathered in the 1970's. Current clinical recommendation involves the 
use of lower estrogen dose formulations and a careful consideration of risk factors. In 1989, the Fertility 
and Maternal Health Drugs Advisory Committee was asked to review the use of oral contraceptives in 
women 40 years of age and over. The Committee concluded that although cardiovascular disease risks 
may be increased with oral contraceptive use after age 40 in healthy non-smoking women (even with the 
newer low-dose formulations), there are also greater potential health risks associated with pregnancy in 
older women and with the alternative surgical and medical procedures which may be necessary if such 

‘omen do not have access to effective and acceptable means of contraception. The Committee recom- 

ended that the benefits of low-dose oral contraceptive use by healthy non-smoking women over 40 may 


outweigh the possible risks. Of course, older women, as all women who take oral contraceptives, should 
take an oral contraceptive which contains the least amount of estrogen and progestogen that is compati- 
ble with a low failure rate and individual patient needs. 3. CARCINOMA OF THE REPRODUCTIVE ORGANS. 
Numerous epidemiological studies have been performed on the incidence of breast, endometrial, ovarian 
and cervical cancer in women using oral contraceptives. While there are conflicting reports most studies 
suggest that use of oral contraceptives is not associated with an overall increase in the risk of developing 
breast cancer. Some studies have reported an increased relative risk of developing breast cancer, particu- 
larly at a younger age. This increased relative risk appears to be related to duration of use. Some studies 
suggest that oral contraceptive use has been associated with an increase in the risk of cervical intraepith- 
elial neoplasia in some populations of women. However, there continues to be controversy about the 
extent to which such findings may be due to differences in sexual behavior and other factors. 4. HEPATIC 
NEOPLASIA. Benign hepatic adenomas are associated with oral contraceptive use, although the incidence 
of benign tumors ts rare in the United States. Indirect calculations have estimated the attributable risk to 
be in the range of 3.3 cases/100,000 for users, a risk that increases after four or more years of use 
especially with oral contraceptives of higher dose. Rupture of benign. hepatic adenomas may cause death 
through intra-abdominal hemorrhage. Studies from Britain have shown an increased risk of developing 
hepatocellular carcinoma in long-term (>8 years) oral contraceptive users. However, these cancers are 
rare in the U.S. and the attributable risk (the excess incidence) of liver cancers in oral contraceptive users 
approaches less than one per million users. 5. OCULAR LESIONS. There have been clinical case reports of 
retinal thrombosis associated with the use of oral contraceptives. Oral contraceptives should be discon- 
tinued if there is unexplained partial or complete loss of vision; onset of proptosis or diplopia, papille- 
dema, or retinal vascular lesions. Appropriate diagnostic and therapeutic measures should be undertaken 
immediately. 6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY. Extensive epidem- 
iological studies have revealed no increased risk of birth defects in women who have used oral contracep- 
tives prior to pregnancy. The majority of recent studies also do not indicate a teratogenic effect, 
particularly in so far as cardiac anomalies and limb reduction defects are concerned, when taken inadver- 
tently during early pregnancy. The administration of oral contraceptives to induce withdrawal bleeding 
should not be used as a test for pregnancy. Oral contraceptives should not be used during pregnancy to 
treat threatened or habitual abortion. It is recommended that for any patient who has missed two consec- 
utive periods pregnancy should be ruled out before continuing oral contraceptive use. If the patient has not 
adhered to the prescribed schedule, the possibility of pregnancy should be considered at the time of the 
first missed pened Oral contraceptive use should be discontinued until pregnancy is ruled out. 7 GALL- 
BLADDER DISEASE. Earlier studies have reported an increased lifetime relative risk of gallbladder surgery 
in users of oral contraceptives and estrogens. More recent studies, however, have shown that the relative 
risk of developing gallbladder disease among oral contraceptive users may be minimal. The recent findings 
of minimal risk may be related to the use of oral contraceptive formulations containing lower hormonal 
doses of estrogens and progestogens. 8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS. Oral contra- 
ceptives have been shown to cause a decrease in glucose tolerance in a significant percentage of users. 
This effect has been shown to be directly related to estrogen dose. Progestogens increase insulin secre- 
tion and create insulin resistance, this effect varying with different progestational agents. However, in the 
non-diabetic woman, oral contraceptives appear to have no effect on fasting blood glucose. Because of 
these demonstrated effects prediabetic and diabetic women in particular should be carefully monitored 
while taking oral contraceptives. A small proportion of women will have persistent hypertriglyceridemia 
while on the pill. As discussed earlier (see WARNINGS 1a and 1d), changes in serum triglycerides and 
lipoprotein levels have been reported in oral contraceptive users. 9. ELEVATED BLOOD PRESSURE. An 
increase in blood pressure has been reported in women taking oral contraceptives, and this increase is 
more likely in older oral conttaceptive users and with extended duration of use. Data from the Royal 
College of General Practitioners and subsequent randomized trials have shown that the incidence of 
hypertension increases with increasing progestational activity. Women with a history of hypertension or 
hypertension-related diseases. or renal disease, should be encouraged to use another method of contra- 
ception. If women elect to use oral contraceptives, they should be monitored closely and if significant 
elevation of blood pressure occurs, oral contraceptives should be discontinued. For most women, elevated 
blood pressure will return to normal after stopping oral contraceptives, and there is no difference in the 
occurrence of hypertension between former and never users. 10. HEADACHE. The onset or exacerbation of 
migraine or development of headache with a new pattern which is recurrent, persistent or severe requires 
discontinuation of oral contraceptives and evaluation of the cause. 11. BLEEDING IRREGULARITIES. 
Breakthrough bleeding and spotting are sometimes encountered in patients on oral contraceptives, espe- 
Cially during the first three months of use. Non-hormonal causes should be considered and adequate 
diagnostic measures taken to rule out malignancy or pregnancy in the event of breakthrough bleeding as in 
the case of any abnormal vaginal bleeding. If pathology has been excluded, time or a change to another 
formulation may solve the problem. In the event of amenorrhea, pregnancy should be ruled out. Some 
women may encounter post-pill amenorrhea or oligomenorrhea, especially when such a condition was 
preexistent. 12. ECTOPIC PREGNANCY. Ectopic as well as intrauterine pregnancy may occur in contracep- 
tive failures. PRECAUTIONS: 1. PHYSICAL EXAMINATION AND FOLLOW UP A complete medical history and 
physical examination should be taken prior to the initiation or reinstitution of oral contraceptives and at 
least annually during use of oral contraceptives. These physical examinations should include special 
reference to blood pressure, breasts, abdomen and pelvic organs, including cervical cytology, and relevant 
laboratory tests. In case of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate 
diagnostic measures should be conducted to rule out malignancy. Women with a strong family history of 
breast cancer or who have breast nodules should be monitored with particular care. 2. LIPID DISORDERS. 
Women who are being treated for hyperlipidemias should be followed closely if they elect to use oral 
contraceptives. Some progestogens may elevate LDL levels and may render the control of hyperlipidemias 
more difficult. 3. LIVER FUNCTION. If jaundice develops in any woman receiving such drugs, the medica- 
tion should be discontinued. Steroid hormones may be poorly metabolized in patients with impaired liver 
function.4. FLUID RETENTION. Oral contraceptives may cause some degree of fluid retention. They should 
be prescribed with caution, and only with careful monitoring, in patients with conditions which might be 
aggravated by fluid retention. 5. EMOTIONAL DISORDERS. Women with a history of depression should be 
carefully observed and the drug discontinued if depression recurs to a serious degree. 6. CONTACT 
LENSES. Contact lens wearers who develop visual changes or changes in lens tolerance should be 
assessed by an ophthalmologist. 7 DRUG INTERACTIONS. Reduced efficacy and increased incidence of 
breakthrough bleeding and menstrual irregularities have been associated with concomitant use of rifam- 
pin. A similar association, though less marked, has been suggested with barbiturates, phenylbutazone, 
phenytoin sodium, and possibly with griseofulvin, ampicillin and tetracyclines. 8. INTERACTIONS WITH 
LABORATORY TESTS. Certain endocrine and liver function tests and blood components may be affected 
by oral contraceptives: a. Increased prothrombin and factors VII, Vill, IX, and X; decreased antithrombin 3, 
increased norepinephrine-induced platelet aggregability. b. Increased thyroid binding globulin (TBG) lead- 
ing to increased circulating total thyroid hormone, as measured by protein-bound iodine i T“ b 

column or by radio-immunoassay. Free T3 resin uptake is decreased, reflecting the elevated TBG, free 14 
concentration is unaltered. c. Other col proteins may be elevated in serum. d. Sex-binding globulins are 
increased and result in elevated levels of total circulating sex steroids and corticoids: however, free or 
biologically active levels remain unchanged. e. Triglycerides may be increased. f. Glucose tolerance may be 
decreased. g. Serum folate levels may be depressed by oral contraceptive therapy. This may be of clinical 
significance if a woman becomes pregnant shortly after discontinuing oral contraceptives. 9. CARCINO- 
GENESIS. See WARNINGS section. 10. PREGNANCY. Pregnancy Category X. See CONTRAINDICATIONS and 
WARNINGS sections. 11. NURSING MOTHERS. Small amounts of oral contraceptive steroids have been 
identified in the milk of nursing mothers and a few adverse effects on the child have been reported, 
including jaundice and breast enlargement. In addition, oral contraceptives given in the postpartum period 
may interfere with lactation by decreasing the quantity and quality of breast milk. If possible, the nursing 
mother should be advised not to use oral contraceptives but to use other forms of contraception until she 
has completely weaned her child. INFORMATION FOR THE PATIENT: See Patient Package Insert. 
ADVERSE REACTIONS: An increased risk of the following serious adverse reactions has been associated 
with the use of oral contraceptives (see WARNINGS section). Thrombophlebitis and venous thrombosis 
with or without embolism. Arterial thromboembolism. Pulmonary embolism. Myocardial infarction. Cere- 
bral hemorrhage. Cerebral thrombosis. Hypertension. Gallbladder disease. Hepatic adenomas or benign 
liver tumors. The following adverse reactions have been reported in patients receiving oral contraceptives 
and are believed to be drug-related: Nausea. Vomiting. Gastrointestinal symptoms (such as abdominal 
cramps and bloating). Breakthrough bleeding. Spotting. Change in menstrual flow. Amenorrhea. Temporary 
infertility after discontinuation of treatment. Edema. Melasma which may persist. Breast changes: tender- 
ness, bgt bist secretion. Change in weight (increase or decrease). Change in cervical erosion and 
secretion. Diminution in lactation when given immediately postpartum. Cholestatic jaundice. Migraine. 
Rash (allergic). Mental depression. Reduced tolerance to carbohydrates. Vaginal candidiasis. Change in 
corneal curvature (steepening). Intolerance to contact lenses. The following adverse reactions have been 
reported in users of oral contraceptives and the association has been neither confirmed nor refuted: 
Pre-menstrual syndrome. Cataracts. Changes in appetite. Cystitis-like syndrome. Headache. Nervousness. 
Dizziness. Hirsutism. Loss of scalp hair. Erythema multiforme. Erythema nodosum. Hemorrhagic eruption. 
be oi Porphyria. Impaired renal function. Hemolytic uremic syndrome. Acne. Changes in libido. Colitis. 
OVERDOSAGE: Serious ill effects have not been reported following acute ingestion of large doses of oral 
contraceptives by young children. Overdosage may cause nausea and withdrawal bleeding may occur in 


females. 
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